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FOREWORD 

The present thesis consists of three papers recently 
published by His Majesty's Stationery Office in the series of 

"Scientific Investigations" isseeu under the authority of the 

Fishery board for Scotland. The inclusive title and the sub- 
titles of these papers appear on the respective title -nages and 
are given in the foregoing 'eontonts tablee The relationship 
of the inclusive title to that unuer which this thesis is 
presentey is uiscussed in the concluuing chapter of the thesis. 

Appen -eu to the above publications aire two shorter papers, 
one of which has also been published, the other having been 
cotrr-ranicated on behalf of the writer to the body named on the 
title -page. All five papers are original in form and in sub.- 
:.tance, the work having been perf ormeu at the :Narine Laboratory 
of the fishery Board for Scotland in Aberdeen, unuer the super- 
vision of the Board's Scientific Superintonaent, elexanaer 

eowmin, _..Sc., F.R.;'.E., on whose initiative the axperiments 
uealt with in the main body of the thesis were carried out. 

The experiments in question consisted in the liberation of 
large nuebers of specially- prepred, floating bottles, from 
numerous wiuespread points in the northern and Lduule North Sea, 
the southern reaches of the Norwegian Sea and the Faroe- ,shetland 
Channel. Primarily, they were ue :igned to yielu information of 
consequence to marine biological research in connection with 
the Northern North Sea fisheries and, already, the results so 
far obtained have oeen of service in this direction. It may 
be auued that, along with the liberation of drift- bottles, 

physical observations of the temperature and salinity of the 
sea w;,ter were taken at practically every 'liberation -station' 
and this m:.terial is presently f rming the subject of a separate 
study to which the drift- bottle interpretations are proving a 
valuable asset. 

From the biological sta:dnoint the origi. el aim of the drift - 
bottle work was to obtain an uncle :stanuing of matters relative 
to the passive transport of fish eggs, larval forms and indeed, 
all plancton. Physically, therefore, its irnmeeiate objective 

was the elucidation of surface water movements in the above areas, 
or, more specifically, the measurement of the quantity generally 
referred to as tke surf _ce drift *, in its chief char,.cteristics 
of direction and velocity. A uefinition of the term 'surface 
drift' is given in the concluuing chapter to the thesis. 

As/ 

* Underlining in typescript uenotes italics. 



ii. 

As submitted, the main thesis consists of two parts. 
Fart I is a statistical treatment, on fairly broad lines, 
of the data pertaining to the five years, 1910 to 1914 inclus- 
:ive and is in the nature of an introductory to _'art II, 

The latter comprises two sections, of which the first is 
a detailed analysis, on a cartographical basis, of the results 
of the 1910 liberations and the second, a similarly exhaustive 
study,of the 1911 rata. In oruer to complete ?art II on 

the lines originally laid down in accordance with the exigencies 
of departmental economy, three more sections remain to be 
published'at intervals, as circnmatances allow, For the 

purposes of this thesis, however, the throe n pers now 
presented form a complete whole in so far as the analyses of 
the materials for the two years above -mentioned have resulted 

in new ìcnowledge which has been taken to a uefin_te climax 
and much of which is remarkably corr.oboreted within these 
pages, '.phis last circumstance also bespeaks the wider 
anelic bi_ity of these analytical results than as represent- 
:ative merely= of the two years in :question. 

Consequent upon the necessity of publishing this work 
in sections, each memoir, as it appeared, was euncluued with 
a suxr ':ary chapter based on the results obtained from each 
analysis, in a final chanter to the present thesis those 

results anu especially their significance are discussed with 
somewhat greater latitude, introducing certain ideas con - 
:ceivea in the course of this investigation and ,pointing the 
way to further research, 

J 33.i1 

Aberdeen, 

September 1932, 



ERRATUM 

The writer's attention has been drawn to an error in 

spelling which occurs throughout the three ,ablished 

papers of this thesis, ''he nano which is the north -west 

corner of Jutland is HA STHOLL, not HA TSHoLM. 
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PREFACE 

APROPOS of the title of this thesis, the broad conclusions which have been 
drawn from an intensive study of drift -bottle experimental records suggest the 
division of the entire North Sea into three regions, which may be designated 
respectively the Northern, Middle, and Southern Areas of the North Sea, and which 
correspond approximately with the average depth of the sea -floor beneath the 
surface. They may conveniently, although not rigidly, be defined as those areas 
situated to the north of, between, and southwards of latitudes 57° 30' N. and 54° N. 
respectively. 

A few words may be allowed in explanation of the delay in publishing the 
results of experiments completed twelve years ago. As was to be expected, a few 
years immediately after the cessation of hostilities in Europe were occupied mainly 
in the reconstruction and reorganisation of the scientific work pertaining to the 
fisheries. Routine work had to be placed afresh upon a smooth- working basis before 
accumulated records could be examined, and that by new personnel. Time was 
required by these newcomers to the staff, of whom the writer is one, to become familiar- 
ised with the conditions of a long -established service. 

When the present records were put into my hands it was soon made clear that 
little would be gained and much might be lost by presenting the results of their 
examination in summary form. A preliminary survey of the data suggested that a 
carefully detailed study would be repaid. In this I have been generously guided by 
my chief, Dr. Alexander Bowman, to whom, along with those members of the staff 
who have assisted me in the preparation of this report, I wish to tender my grateful 
acknowledgments. 

J. B. T. 

ABERDEEN, January 1930. 
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The Surface Water Drift in the Northern and 
Middle Areas of the North Sea and in 

the Faroe - Shetland Channel. 

INTRODUCTION. 
General. 

In their bearing upon many questions involved in the study of the fisheries, it 
has long been recognised that, in seas of such economic significance as the North Sea 
and its adjacent waters, non -tidal current systems are factors of prime importance. 
Indirectly, as has been pointed out by, amongst others, Scandinavian and German 
scientists, there can be no doubt as to the existence of a relationship between 
the flow of ocean currents and various other natural phenomena in the realms of 
climatology and land productivity. t see Appendix II). 

The elucidation, by experimental means, of the current systems in and around 
the North Sea, with their variations not only from year to year, but from month 
to month, has engaged the attention of a number of investigators almost con- 
tinuously since the year 1894, when Fulton initiated his well -known experiments 
with a view to the correlation of currents with the transportations of embryonic 
and larval forms. 

The methods which are and have hitherto been employed to attain this objective 
may be divided broadly into two classes- direct and indirect. Of the latter, the 
chief are those based upon the distribution of density in the sea and upon a 
study of the plankton. Currents have been measured directly, here and there, by 
means of more or less exact machines, those bearing the names of Ekman, Jacobsen, 
Pettersson, and more recently, Carruthers, being perhaps the best known. But, apart 
from the method of computations based upon observations of temperature and 
salinity, the mode of attacking the problem, particularly of surface currents, which 
has until now been most extensively adopted, is that by the agency of specially 
designed floats of metal or wood, or by means of surface -floating, glass bottles. 
Already there has been published a number of papers embodying the results of such 
experiments in the North Sea and neighbouring waters, notably those of Fulton, 
Garstang, Gilson, Ryder, and Carruthers. 

Of recent years the casting adrift of surface- floating bottles, in conjunction 
with other practical operations of research in connection with marine biology, has 
come to form an integral part of the Scottish programmes of work. 

As a means of determining surface current systems generally, the desiderata for 
the most satisfactory outcome of the drift- bottle method must be regularity and 
continuity of operations, rather over a wide field than from one or two selected 
points, especially if these points are in proximity to the coast -line, in which regions 
purely tidal effects tend to mask the real objective of the experiments, namely the 
determination of the quantity known as " the surface drift." 

When the above conditions have been satisfied over a period of years, the 
doubt which has been expressed concerning the reliability of results on account of the 
uncertainty as to how long drifters may have lain upon the beach prior to discovery 
may be so far dispelled as to be practically negligible. 
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Bearing in mind also that, so far as concerns the fisheries, one of the principal 
aims of experiments designed to ascertain the direction and velocity of flow of the 
uppermost layers in the sea is the correlation of these characteristics with the migra- 
tions of fish, or the distribution of plankton, fish eggs or larval forms, another objec- 
tion has been raised against the drift- bottle method of investigation. This is to the 
effect that the drifters probably indicate the passage of only the most superficial 
stratum of water, upon which, it is averred, the propulsive effect of the wind may 
be considerably greater than upon sub -surface layers at a depth of even a metre 
or two beneath the surface, tending greatly to accelerate the flow in a given direction 
of the topmost layer, or even to propel it in quite a different direction to that in 
which the sub -surface layer is moving. In relatively shallow water areas near con- 
tinental land such effects of wind influence have been revealed by drift -bottle results, 
but, as one outcome of the long series of experiments which form the basis of this 
report, there is reason to believe that, as a general rule, over a broad expanse of 
deeper water such as fills the Northern North Sea basin,similar phenomena are much 
less pronounced. 

The advantages of the drift- bottle method over those involving current -meter 
work and the collection of temperature and salinity observations are (I) the rela- 
tively lower cost ; (2) economy in time ; and (3) the fact that drift- bottles may be 
thrown overboard during rough weather, when any work which involves the laying -to 
of the ship must be abandoned. t 
Recapitulation and Collation of Previous Results. 

Notwithstanding that there have appeared within comparatively recent years 
in the papers of Báhnecke (1) and Carruthers (2)* fairly comprehensive summaries of 
the work which has hitherto been accomplished in respect of non -tidal current 
systems in and around the North Sea, a recapitulation of the broad results accruing 
from such work were usefully considered before entering upon the examination of 
the present records. 

In 1897 Fulton (3b) established the general surface current system within the 
North Sea as of the nature of a main drift -stream, having its immediate origin in the 
Faroe -Shetland Channel area and entering the North Sea by way of the openings 
between Shetland and the mainland of Scotland, thereafter flowing southwards 
along the British east coast as far as approximately the latitude of Spurn Head, 
Yorkshire, where an eastward deviation towards Continental shores takes place, 
the final movement being a northerly flow along the western coasts of Denmark 
and Norway. Subsidiary offshoots from this principal stream penetrate the bights 
formed by the Scottish coast and enter the Skagerak. 

Further investigation, however, has proved that surface water movements in 
the North Sea are much more complex than as portrayed in Fulton's chart. In 
1905, Pettersson (4) published a synoptic chart (pertaining to the summer of 1904) 
of the North Sea surface water circulation, which chart differs markedly in some 
respects from the former one. The southern limit of the cyclonic system of surface 
drift as established by Fulton is .the chain of islands off the Dutch coast. According 
to Pettersson, whose work in this respect has since been corroborated, this limit is 
generally the Outer or Great Silver Pit at the southern end of the Dogger Bank, 
in the latitude of 54° N. Further, the same authority has shown diagrammatically 
that, about this region, the deviation in the direction of flow of the main drift - 
stream- eastwards and north- eastwards -is much sharper than indicated by Fulton, 
the stream heading directly towards the entrance to the Skagerak from the western 
side of the North Sea. Also, the waters which wash the shores of the Dutch islands 
Pettersson regarded as forming a separate and distinct stream, originating probably 

* Bracketed numbers in heavier type refer to the bibliographical list, p. 30. 

tThr a fuller discussion of this tnal"ter see. Atipertdìx 1.. 
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to the west of, or within the English Channel and flowing into the North Sea through 
the Straits of Dover. Thereafter the stream follows the contour of the Dutch and 
German coasts to about longitude 7° E., where it bends more or less sharply north - 
Wards and joins the main North Sea cyclonic stream in the region off the Thyboron 
Canal on the west coast of Denmark. 

With regard to the Skagerak Pettersson found that, normally, the influx of 
water thereto from the North Sea is limited to a narrow zone along the north -west 
Danish coast. On the northern side, a strong current leaves the Skagerak, close to 
and following the contour of the south Norwegian coast round Lindesnaes and 
away to the north. A branch from this stream deviates sharply westwards across 
the North Sea from off Jaederens Point, connecting,between the latitudes 57° and 
59° N., the southward moving drift- stream on the west side of the North Sea with 
the opposite stream along the Norwegian coast, thereby postulating a closed system 
in respect of the movement of surface water in the Middle Area of the North Sea. 
It is to be observed that, as a general case, this system does not wholly agree 
with the synoptic surface current charts of Ryder (5) published in 19oi. The results 
of the drift -bottle experiments inaugurated by this investigator led him to represent 
the surface water movement over almost the entire Northern Area of the North Sea 
as constituting a huge cyclonic swirl, bounded approximately on the north and 
south by latitudes 6i° N. and 56° 3o' N., and on the west and east by longitudes 
I° W. and almost 5° E. respectively, and this representation is strongly supported 
by the charts of Brown (6), which are based upon the results of bottom drift -bottle 
experiments. 

Swirls or eddies, that is relatively slowly gyrating whirlpools, may be said to 
have been introduced into the conception of the North Sea surface water circulation 
by Fulton as a result of his experiments in the Moray Firth within which he deduced 
the existence of a small clockwise eddy, hereafter called the Moray Firth eddy and 
which, so far as is at present known, may or may not be merely a seasonal pheno- 
menon. Some half -dozen more of these swirls or eddies have since beèn revealed 
in the surface waters of the North Sea. One of these, the largest, has already been 
mentioned in connection with the works of Pettersson, Ryder, and Brown, and 
since, as is stated by Bowman (7), and as is strongly indicated by a comparison of 
the results of Fulton; Ryder, and Brown, " there is a close connection between the 
surface and bottom currents " in at least the Northern Area of the North Sea, the 
last- mentioned author (Brown) may be credited with the beginnings of a suggestion 
that such another swirl may be operative in the surface waters off the mid -east 
Scottish coast between Fife Ness and Aberdeen. The work of Bowman on " The 
Distribution of Plaice Eggs in the Northern North Sea " further enhances this sug- 
gestion, and over the region off the east coast of Scotland south of Buchan Ness, 
Böhnecke, in his several surface current charts, has delineated a swirl which, like 
the other eddies similarly represented by this authority, apparently fluctuates in 
size and geographical position. 

Wendicke (8), in 1913, published a chart in which a small counter -clock eddy, 
modified by Böhnecke in varying degree topographically according to the seasons, 
is placed in the bight formed by the western Schleswig- Holstein coast and the 
adjacent northern coast of Germany. 

The remaining complexes of a similar nature occurring, at all events, in the 
surface waters of the North Sea and revealed for the first time, so far as the present 
writer is aware, in Böhnecke's charts, are situated approximately as regards position 
and when operative, over the following areas :- 

(a) In the Skagerak, between the north -west Jutland and the south Nor- 
wegian coasts ; a counter -clock gyration. 

(b) Off the south -west Norwegian coast, between Lindesnaes and Jaederens 
Point, called by Böhnecke, the Lindesnaes Swirl- counter -clock. 
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(c) In the area off Stavanger, Norway- counter -clock. 
(d) and (e) One at either end of the Dogger Bank and named respectively 

the North-East and South -West Dogger Bank Swirls. Both gyrate counter- 
clockwise and appear also to function perennially, but, in like case to the others 
above noted, are variable in size and position, the former perhaps more so than 
the latter, depending in some way not yet fully appreciated upon the seasonal 
and other relationships which almost certainly exist among various physical 
factors, the chief of which probably are (z) the momenta of the Atlantic water 
streams entering the North Sea from the north and south, and that of the fresher 
water outflow from the Baltic during the warmer seasons of the year ; (2) the 
configuration of the sea bottom and that of the land masses within which the 
North Sea is contained ; and (3) the prevailing winds. 
Before leaving the consideration of Böhnecke's excellent charts, it is to be 

observed that in only two of these, namely those for the months of November 1905 
and August 1909, does the author represent the surface water circulation of the 
Northern North Sea area in a manner agreeing with the representations of Ryder 
and Brown. 

In respect of the third of the above -mentioned factors affecting the hydro- 
dynamics of the North Sea, mention has already been made of a certain correspond- 
ence found to exist between prevailing winds and at least superficial water displace- 
ment, particularly in shallow water areas adjacent to land where the correspondence 
between wind direction and velocity and the same characteristics' of surface water 
drift may at times be very close. In more open -sea and consequently deeper regions 
of the North Sea basin, drift -bottle experiments do not appear under ordinary 
meteorological conditions to demonstrate the same intimacy between wind and 
drift, partly on account of the unavailability of suitable wind observations for an 
area over which winds are as a rule most variable. In this last fact also there is 
contained some explanation of the apparent lack of a close correlation between wind 
and drift over open sea areas, such as revealed by drift -bottle experiments initiated 
nearer land, in that these agents will, in the former case, have " sea room," so to 
speak, to respond again to the influence of a well -established current system after 
temporary deviations therefrom caused by the predominating effect for the time 
being of a strong wind. 

The question in every case resolves itself into one of two forces acting at a 
point, their resultant being intermediate between the two. Consequently, the 
greater the momentum of a given drift- stream, the greater will be the force of the 
wind from a given direction necessary to deflect the stream from its direction of 
flow, and it is highly probable that momentum is greater in the surface layers of deep 
water where oceanic currents have greater play than in those of more landward 
sea areas. 

Nevertheless, both Fulton and Carruthers have demonstrated that wind, blowing 
strongly for an indefinite period from a particular mean direction, may be so far 
effective as to cause a temporary yet complete transformation, on its western and 
southern boundaries, in the character of the main cyclonic system of drift governing 
the North Sea surface water circulation, reversing its direction of flow from eastwards 
to westwards in the south and from southwards to northwards in the west, the total 
effect being evident on occasions along the entire length of the British east coast, 
including the eastern shores of the Orkney and Shetland Islands. 

As a factor influencing the general system of surface drift within the North Sea, 
the momenta of the inflowing Atlantic streams have been cited. It is now recognised 
that the " key " area, as it were, to the Northern and Middle Areas of the North 
Sea is the region of the Faroe- Shetland Channel. According to a comparatively 
recent investigation, namely that of Jacobsen and Jensen (9), much of whose work 
was confirmatory of that of Helland- Hansen (I o) and Robertson (ii), at least three 
types of water of distinctly different physical characteristics flow into the region 
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bounded superficially by the curve : Orkney and Shetland Islands -Faroe Islands - 
the Butt of Lewis and the north' coast of the mainland of Scotland. This fact, in 
conjunction with the obvious effect which must result from the steepness of the 
gradients of the sea floor on either side of the Channel proper, tends to produce a 
somewhat complicated and relatively quickly changing system of surface currents, 
a picture of which as they were computed for the period from 3rd to 14th May 1924 
is given in Jacobsen and Jensen's paper above mentioned. The predominant surface - 
water drift, however, in this important region consists essentially of a fast- moving 
stream, emanating from the North -Eastern Atlantic Ocean and flowing in general 
direction north -eastwards along and to the immediate west of the loo- fathom bathy- 
metric contour on the eastern side of the Channel. Offshoots from this main stream 
spill over the edge of the Continental Shelf, as defined by the above contour, and 
enter the North Sea, mainly, according to Robertson (ii) and Jacobsen and Jensen 
(9), by way of the channels between Shetland and the mainland of Scotland. In this 
connection, however, it is to be observed that Helland- Hansen (ro), in his interpre- 
tation of the Scottish hydrographical observations for the year 1902, found that the 
bulk of the Atlantic water which in that year entered the North Sea came by way 
of the north of the Shetland Islands, that is, through the opening between Shetland 
and Norway. 

By means of hydrodynamical calculations it has been demonstrated by the 
above authorities that the velocity of the surface waters of the Atlantic stream to 
the west of the Shetlands fluctuates to a certain extent seasonally, and within 
narrower limits, annually, attaining a maximum of 12 to 16 miles per day in 
spring or early summer and a minimum of some 5 or 6 miles per day less in autumn 
or winter. 

Similarly derived figures for the North Sea proper are not yet available so far 
as the present writer is aware, but Fulton's estimate, from his drift- bottle experi- 
ments, of the mean rate of the surface drift southwards along the British east coast 
is only between 2 and 3 miles per day. Similarly, in respect of the Southern Area 
of the North Sea, where the surface drift is in great measure governed by the influx 
of a stream of Atlantic water by way of the Straits of Dover, Carruthers, from his 
analysis of similar data, derived practically the same figure as a measure of the 
mean rate of flow of surface waters. The discrepancy between the latter figures and 
those obtained in respect of what might be termed in relation to the Northern Area 
of the North Sea, the " parent stream " in the Faroe -Shetland Channel, calls for 
further investigation. In the first place it is to be noted that each of the above 
authorities makes mention of more or less isolated instances of apparently much 
greater drift -speeds than 3 miles per day, but both writers have slumped such 
anomalies with extreme cases of the opposite nature and with intermediate records, 
the average conditions being estimated. 

So far, then, as concerns the Northern and Middle Areas of the North Sea the 
position as regards a knowledge of the general system of surface drift remains some- 
what obscure, it having been shown above that the results obtained by several 
investigators are to some extent contradictory when viewed from the standpoint of 
their applicability irrespective of season or even year. In fact, a study of the several 
charts which have been published strongly indicates that a general case will be 
established, if at all, only on the broadest of lines, and it is a moot point whether such 
a case would be of great practical value to fishery research in which the question of 
seasonal variation is an all- important one. 

Taking for granted meantime that the above -mentioned indication of more or 
less wide variation (which may be seasonal, annual, or even intermittent) from mean 
conditions in the system of surface water drift operating in the Northern and Middle 
North Sea is true to fact, and considering the same in the nature of a working hypo- 
thesis, it would seem that the initial step in an attack on this problem should be the 
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extraction in some detail of all possible information from the records of drift- bottle 
experiments embracing a number of years- consecutive if possible --and the in- 
vestigation of relationships between the above areas and those adjacent, particularly 
the Faroe -Shetland Channel region and the Southern Norwegian Sea. 

Source of the Present Data. 

The data which form the basis of the present report are derived from ex- 
tensive experiments with surface drift -bottles, carried out over the Northern and 
Middle Areas of the North Sea and in the Faroe -Shetland Channel during the five 

years 1910 to 1914 inclusive. 

Immediate Object of the Experiments. 

The motif of the above experiments may be put briefly thus :- 
" To determine the direction and velocity of the drift of the surface waters in the 

Northern and Middle North Sea principally, during each of the above -mentioned 
years, and, if possible, to establish a general case." 

Type of Bottle Employed. 

The drift- bottle employed in these experiments was a six -ounce, square- section 
bottle of fairly stout green glass. Before being cast adrift each bottle was weighted 
by means of lead wound round the neck, sufficient to cause the drifter to float just 
beneath the sea surface, thereby obviating the direct action of wind upon the bottle 
itself. Enclosed in each drifter was a small numbered card (5" X ii") with directions, 
printed in English, German, and Scandinavian, as to its disposal by the finder, who 
was " earnestly requested to enclose it in an envelope, with a note stating when and 
where it was found, and to post it (without prepaying postage) addressed to The 
Scientific Superintendent, Fishery Board's Marine Laboratory, Aberdeen." No 
reward was offered in the case of these pre -war experiments. 

Plan of Liberations. 

During the above period of five years bottles were dropped overboard, usually 
in batches of five or ten, occasionally twenty or even twenty -five, at numerous more 
or less equidistant points along the lines of the cruises undertaken by the research 
vessel. Continuity of operations over as wide a field as possible was aimed at and 
the ensuing report will show that this end was remarkably well attained at least 
within the North Sea. 

Method of Compiling Report. 

To decide upon a method of working up and presenting the copious data re- 
sulting from such extensive experiments has been a matter of no little difficulty. 

As each card and note bearing details of time and place of recovery of the par- 
ticular drifter were received at headquarters, these details were entered in prepared 
record books and the number of days calculated during which the bottle, presumably 
in the first instance, had been afloat. 



I0 

The most convenient arrangement of the records for examination purposes had 
next to be decided upon. In the first place, chart work being anticipated, it was 
necessary to record with reasonable accuracy the geographical positions of the 
numerous places where bottles had been recovered. The place -names given by the 
finders and entered in the record books had to be found with the aid of large -scale 
Admiralty charts. In this laborious task difficulty was frequently experienced on 
account of the recurrence in districts widely apart of the same place -name. This 
was particularly the case in regard to the Norwegian coast. When the post -mark 
failed to supplement sufficiently the information already given, the fixing of the 
point of recovery was almost out of the question. In these and other instances where 
place -names could not be located, valuable and kindly assistance was rendered by 
foreign colleagues to whom thanks are due. 

The records were ultimately set out in the form of a running chronological 
table, of which the dates of liberation of series of bottles formed the basis. This 
table is appended to the present report. In connection with it, there are two points 
which call for remark at this stage, namely, the significance of the numbers in the 
first column, headed " Station No. " and that of the asterisks against certain of the 
entries in the last column of the table. Both have special reference to a carto- 
graphical analysis of the material which will form the subject of at least one subse- 
quent report. It is mainly in view of this later work, to which they are indispensable, 
that the present records are herewith published in extenso, although their value for 
purposes of future reference and comparison must also be considered, because similar 
experiments have been carried out from time to time and on a fairly extensive scale 
since the year 1920. 

It was soon apparent from a cursory survey of the magnitudes denoting the 
intervals of time between the dates of liberation and recovery of drifters, in con- 
junction with the relative geographical positions of liberation -stations and stranding - 
places, that any relationship which might exist between the points of origin and 
recovery of the drifters was on the whole an obscure one. Even the anticipation of 
such a relationship being in all probability seasonal did not facilitate much progress. 
Thus few deductions of any consequence accrued from the construction of charts 
connecting by straight lines the points of liberation and the corresponding points of 
recovery of returned bottles. 

Also and in view of the fact mainly that liberation -stations were most numerous 
and widespread, without prearranged and systematised liberation operations at 
any one point or group of points, the direction -sector method of analysis employed 
by Carruthers (2) in his examination of the results of similar experiments in the 
Southern Area of the North Sea was not found to be readily adaptable to the Scottish 
case. 

Another difficulty inherent in the Scottish data lay in the circumstance that, in 
the great majority of cases of recovery upon Continental and Scandinavian shores 
particularly, very long periods elapsed between the dates of liberation and recovery 
of drifters. These, of course, might be explained, at least partially as has hitherto 
been done, on the assumption that some time probably elapsed between the actual 
date of a drifter's stranding upon the beach and that of its discovery, were it not 
that among other things the very persistence of these long -period recoveries would 
seem to belittle such a hypothesis. Moreover, short- period returns from the same 
coastal districts, often arising from contemporary experiments initiated over approxi- 
mately the same sea area, occurred with sufficient frequency on the whole to warrant 
their more serious consideration than as of the nature of " freak " cases merely. 
Accordingly, these more or less singular instances have been made the basis of an 
investigation into the histories of the long -period recoveries, yielding results which 
indicate very strongly that, in the majority of these latter cases, the time which 
may have been spent lying upon the beach is practically negligible in relation to the 
entire period between the dates of liberation and recovery. 
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For convenience, therefore, this interval (in days) between the dates of liberation 
and recovery of a drifter will be referred to in the following and subsequent reports 
as " the period of drift," or simply " the drift- period " of the bottle in question, 
and, unless where otherwise stated ,the magnitude will be accepted as a true drift - 
period. That is to say, primarily, the probability of the drifter having lain for an 
appreciable time upon the beach prior to discovery will be neglected. This last 
assumption will have greater significance when the data come to be examined in 
much greater detail cartographically, the present report comprising a statistical 
treatment of the material on fairly broad lines, thus forming an introduction to the 
later analysis. 

The investigation of possible relationships between wind and surface water 
drift does not form part of the present analysis. It is obvious in view of the wide 
field over which the Scottish experiments were inaugurated that such a study presents 
a very formidable problem, assuming at the outset that suitable wind data are 
available, covering at least the entire field outlined in Figure 1. The results which 
have been achieved from a study of the data as it stands are such that it has been 
considered desirable to publish these presently, leaving the investigation of inter- 
relationships between wind and drift to a later date. 
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STATISTICAL ANALYSIS OF THE DATA. 

Introductory. 

On the chart, Figure 1, there is shown the entire field covered by the Scottish 
surface drift -bottle liberation operations during the period between the years 1910 
and 1914 inclusive. The total number of bottles set adrift within the area repre- 
sented by a square on the chart is denoted by the denominator of the fraction in the 
square, the numerator representing the corresponding number of recoveries subse- 
quently effected. Each square is defined by the letter heading the column in which 
it occurs, followed by the number, to be found on the left of the chart, specifying the 
appropriate row : thus A17, F14, etc. 

During the above period of five years a total of 4825 bottles was liberated over 
the Northern and Middle Areas of the North Sea and the portion of the North -Eastern 
Atlantic Ocean bounded by the curve : Orkney and Shetland Islands -Faroe Islands 
-Rockall -the west and north coasts of Scotland north of latitude 57° 3o' N. 

Recoveries to the number of 1096 bottles took place on British, Dutch, German, 
Danish, Swedish, Norwegian, Russian, and Faroe coasts, or at sea, after periods of 
drifting ranging from a few days to several years. 

Of the total number of bottles returned, 45.5 per cent. stranded, or were picked 
up, within loo days of the date of liberation. In the great majority of cases these 
recoveries were effected upon British coasts, near to which the bulk of the work of 
liberating drifters was carried out, as shown by a comparison of the figures on the 
chart. In respect of 13 bottles, drift- periods of over moo days were registered, the 
longest period of all being 2217 days between the dates of liberation and recovery. 

General. 

Obviously the first point of attack on the data at our disposal is the investigation 
of any broad relationships which may exist between the regions of liberation and 
recovery of drifters. A rapid cartographical survey of the material indicated that, 
in regard to locality, the distribution of recoveries were best studied by marking off 
into sections the entire coast -line embraced by the numerous stranding -places. The 
following are the coastal sections and other regions which have been suggested by 
experience as best differentiating the several classes of recoveries :- 

(1) West coast of Scotland and the Outer Hebrides. 
(2)* North coast of Scotland and the western shores of the Orkney and Shetland 

Islands. 
(3)* Eastern shores of the Orkney and Shetland Islands, including Fair Isle. 
(4) The shores of the Moray Firth ; terminal points, Duncansby Head and 

Rattray Head. 
(5) The Scottish coast between Rattray Head and St. Abbs Head. 
(6) Between St. Abbs Head and the point on the Yorkshire coast on latitude 

54° N. 
(7) The English coast south of the point on latitude 54° N. 
(8) Between Texel Island, Holland, and the mouth of the River Elbe, Germany. 
(9) Between the mouth of the River Elbe and Blaavandshuk, Denmark. 

(1o) Between Blaavandshuk and Hantsholm, .the north -west corner of Jutland 

* In view of the disposition, particularly of the Orkney Islands, instances occur in which 
it is difficult to classify the recovery as belonging to either Section 2 or Section 3. The point 
was settled by classifying according to the position relative to the Islands of the liberation - 
station, i.e. if the liberation- station lay to the west, the doubtful case was included in Section 2, 
and if the point of origin was to the eastwards or north - eastwards of the Island group the 
recovery in question was allotted to Section 3. 
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(ii) Eastwards of a line joining Hantsholm and Lindesnaes, Norway, i.e. within 
the Skagerak. 

(12) The south -west Norwegian coast between Lindesnaes and the point on 
latitude 62° N., where the bold contour of the Norwegian coast takes a 
more or less sharp bend towards the north -east. 

(is) The Norwegian coast between latitudes 62° N. and 7o° N. 
(i4) The Norwegian coast north of latitude 7o° N. 
(i5) At sea. 
(i6) On the Faroe Islands 
Upon consideration it will be further evident that, as the entire area over which 

liberations were carried out is so vast, little purpose would be served by treating 
these in entirety. After numerous small adjustments the Regional Liberation 
Areas A, B, C . . . M, defined on the chart, Figure i, by heavy broken lines, were 
finally selected as the result of certain features which arose in course of the pre- 
liminary survey of the material. 

In accordance with the above details Table I. was constructed. 

TABLE I.* 

Liberations. Recoveries. 

Regional Frequency Distribution. 
Area No. of - Totals. - 

1 
-- 

3 4 5 8 11 12 13 15 16 (Fig. 1). Drifters. 2 6 7 9 10 14 

A 55 4 3 2- - 2 11 
B 148 - 11 8 2 - 1 - - - - 5 2 12 1 - -- 42 
C 525 - 9 21 2 4 75 9 3 3 126 
D 1669 - 18 64 27 29 21 2 - 19 23 66 27 51 3 7 1 358 
E 1005 - - - 1 85 74 1 1 10 9 30 10 28 3 5 - 257 
F 69 - - 1 11 1 - - - - 13 
G 23 -- 4 - -- 4 
H 488- - - 10 - 2 1 - - 3 12 32 13 20 2 2 - 97 
J 340 - - - - 4 - 2 1 3 8 28 9 21 1 1- 78 
K 115 91 1 4 3 8 22 - - 27 
L 138 - - 2 7 12 5 - 1 - 27 
M 250 -- 1 9 33 4 7 1 1- 56 

Totals 4825 4 41118 30 120 97 5 3 36 64 220 58 227 22 20 4 1096 

1 One bottle recovered on Fair Isle. 2 One bottle recovered on the Murman coast. 

It may readily be ascertained from the above table that the greater proportion, 
nearly namely 6o per cent.,of the bottles returned from the experiments under review came 

Continental,from Scandinavian& otherAshores, principally the former. 
Dealing firstly with some of the more unique features of Table I., it is to be 

observed that only 20 bottles out of the total 1096 returned were picked up at sea. 
Although prima facie it might appear to be otherwise, the fact is that a number of 
these sea recoveries are of little if any greater value towards the attainment of the 
object of the experiments than many of the " beached " bottles. Some of them were 

* For convenience in printing only the -numerals signifying coastal sections and other 
regions of recovery head the main columns of this Table, and all subsequent tables in this report 
with the exception of Nos. II. and XII. 



picked up in such proximity to land that the probability of their having been re- 
floated from the beach on a high tide cannot be altogether ignored. Others, generally 
imperfect drifters, were trawled from the sea floor, where it cannot be definitely known 
how long they may have lain prior to catchment. In these instances, as a rule, in- 
formation concerning direction of drift only is derivable. Nevertheless, this factor 
obviously will be of some assistance in the investigation of the histories of bottles 
from contemporary liberations which have travelled farther and been brought up 
ultimately on shore. 

Occasionally, sea recoveries yield an estimate also of the velocity of the surface 
water drift, from a consideration of the drift -period registered and the linear distance 
between the points of liberation and recovery. It might even be argued that when 
a drifter is picked up after a certain time from the surface waters of the open sea, 
a fairly accurate estimate of the direction and velocity of the drift should be possible, 
the factor of uncertainty regarding the actual time taken to arrive at the point of 
recovery being presumably eliminated in those instances. But, as a later and more 
detailed analysis will show, the phenomenon of closed systems of gyratory surface 
water movement very often obviates any assumption of a more or less direct relation 
between the linear distances presumably covered and the recorded drift- periods and 
this holds even in the above cited cases of recovery of drifters while still afloat in 
the surface waters of the open sea. 

The paucity of entries in columns 7 and 8 of Table I. is a noticeable feature. 
Only eight bottles are known to have stranded on North Sea shores south of latitude 
'54° N., five upon the British coast, and three on Continental shores. The southern- 
most British coast recovery took place at Grainthorpe Sluice, Lincolnshire (latitude 
53° 14' N.), and the most westerly Continental stranding -place was on the Dutch 
Island of Texel in practically the same latitude. From these facts it may be inferred 
with safety that no bottle from the Scottish liberations found its way into the Southern 
Bight of the North Sea. 

Four of the above drifters, three of them British and one a Continental recovery, 
emanated from the Regional Areas D and E, which, in view of Fulton's results, is 
not surprising. On the other hand, three of the total eight bottles recovered south 
of latitude 54° N. were put into the sea at a point in Area J, and still more unique, one 
in Area M. Consultation of the chronological table of liberations elicits the im- 
portant information that the last- mentioned four bottles were despatched in the 
same season of the same year, namely in May and June 1913. Further search 
established the fact that, with the exception of the two bottles originating in the 
Regional Area D, the remaining six of the total eight all pertained to the experiments 
of the above year, the three British recoveries therefrom stranding during the month 
of October, and the three Dutch island returns during the previous August and 
September. There would appear, then, to have been something singular about the 
surface water movement of the North Sea during the year 1913. Further investiga- 
tion on this point must be left over to an ensuing study of the present data on a 
cartographical basis. 

Before passing to the consideration of other features of the above table, it is to 
be observed that, in regard to the proportions of drifters recovered upon British and 
Continental coasts south of latitude 54° N., Fulton's results (3, b and c) differ markedly 
from those of the experiments now under review. In his relatively short series of 
experiments between September 1894 and December 1896, comprising the liberation 
during this period in the North Sea north of latitude 55° N. and to the west of the 
Orkney and Shetland Islands, of 1834 surface drift- bottles and 1364 wooden slips, 
Fulton records the recovery of eleven of the former upon Yorkshire and Lincolnshire 
coasts south of latitude 54° N. and of seven drifters, either bottles or wooden slips, 
upon German and Dutch coasts west of longitude 8° E. The corresponding figures 
are as follows :- 



i6 

No. of Drifters Percentage recovered Percentage recovered 
Liberated. on British Coast S. on Continental Coasts 

of Lat. 54° N. W. of mouth of River 
Elbe. 

Fulton's records .. 3198 0.34 0.22 
Present records 4825 0.10 0.09 

Fulton's British coast recoveries, with one exception, were found during the 
month of February 1895, but the seven Continental returns were not so consistent, 
one being picked up in August 1895, five in June, July, and August 1896, and the last 
in February 1897. So that, while in the light of the later and more extensive results 
the period embraced by Fulton's experiments seems to have been on the whole an 
abnormal one, so far as the drift of the North Sea surface water was concerned, the 
earlier data no doubt suggested the Dutch islands as being the normal southerly 
limit of the cyclonic system governing the North Sea surface -water movement. 

Table I. shows that barely 38 per cent. of the total returns were from points on 
the British coasts. In view of the fact that more than half of the total number of 
bottles liberated during the five years in question were set adrift within the Regional 
Areas D and E, this return is smaller than might reasonably be expected, and becomes 
less significant when at least a fraction of the 728 drifters despatched within the 
Regional Areas A, B, and C is considered, for not only did a number of these strand 
upon the British coast, or among the neighbouring island groups, but a further 
number undoubtedly coursed for a time within the North Sea proper, as instanced 
by the entries in at least columns 11 and 12 of Table I. Furthermore, it is to be 
noted that not all the British coast recoveries originated within even the above - 
mentioned areas. This point will be further discussed in the sequel. 

The majority of the returned drifters were found on German, Danish, Swedish, 
and Norwegian coasts. One -third of these stranded within the Skagerak. The 
proportion which entered the Skagerak is doubtless greater than one -third, since 
many of the drifters found upon the Norwegian coast to the north and west of 
Lindesnaes indicate, by a comparison of their drift -periods with those of recoveries 
upon Skagerak shores, that they, too, passed along the north -west Jutland coast, 
but were later emitted from this arm of the North Sea under the influence of- the 
strong drift from the Baltic, operative along the south Norwegian coast during 
certain seasons of the year. 

The Faroe - Shetland Channel Region. 

Passing to the more particular examination of the figures in respect of Regional 
Areas, the first point to be noted is the considerable number of recoveries effected on 
the eastern shores of the Orkney and Shetland Islands from liberations carried out 
over Regional Areas A, B, and C. The routes by which these drifters arrived at their 
respective stranding- places, whether by way of the north of the Shetlands, or by the 
Channel between Shetland and Orkney, if these routes can be estimated, will form an 
important subject of investigation later. 

Attention has already been drawn to the fact that, from operations in the 
above -mentioned Regional Areas,a number of bottles must have cruised for a time 
within the North Sea, as indicated by the resulting Skagerak and south Norwegian 
coast recoveries. It may be of importance later to note from Table I. that no bottle 
originating to the west of the Orkney and Shetland Islands was recovered upon 
Continental coasts south of Hantsholm, the north -west corner of Jutland, and only 
one was returned from a point on the British east coast south of Rattray Head, 
Aberdeenshire. The argument for a general case, however, is vitiated by the fact that 
liberation operations were not conducted within these areas during all four seasons 
of the year as shown by the following table :- 



TABLE II. 
Monthly Frequency of Liberations. 

3egional 
Area 

Month. No. of 
Drifters. Year. 

Jan. Feb. Mar. April. May. June. July. Aug. Sept. Oct. Nov. Dec. 

A 1910 45 - - - - 45 
1911 10 - - - - 10 

1910 - - - - 40 - - 25 -- - - - 65 
1911 - - - - 5 - - 45 - - - - 50 

B 1912 8 -- - - -- 8 
1913 -- 10 - - - - - 10 
1914 - 10 - - -. 5 15 

1910 - - - - 150 - - 75 - - - - 225 
1911 - - - - 75 - - 20 - - - - 95 

C 1912 - - - - 72 48 - - - - - - 120 
1913 40 40 
1914 - 10 - 15 - 20 -- 55 

1910 - - - 71 86 - - - - - 80 - 237 
1911 - 60 10 125 20 40 35 5 40 57 - - 392 

D 1912 - - - - 40 95 28 - 16 - 24 - 203 
1913 - - 140 140 50 60 390 
1914 - 152 5 100 - 125 65 447 

1910 - - - - 31 82 - - - 10 20 25 168 
1911 - 25 70 10 26 10 31 - 80 5 - - 257 

E 1912 - - 58 10 10 16 46 - 48 20 12 - 220 
1913 - - 20 100 80 40 - - - - 25 - 265 
1914 - - - - - 45 50 - - - - - 95 

F 1913 69 - - 69 

1910 - - - - 10 10 
G 1911 - - - - 5 - - - - - - - 5 

1912 - - - - 8 8 

1910 - - - - 75 - - - 30 - - - 105 
1911 - 30 - - 35 - 10 45 - - - - 120 

H 1912 - - - - 40 8 - - - - - - 48 
1913 - - - 10 10 20 5 - - - - - 45 
1914 - 20 -- 50 - 50 50 170 

1910 - - - - - 35 15 50 
J 1911 - 25 - - 10 - 16 51 

1912 - - - - - 24 - 20 - - - - 44 
1913 - - - - 30 30 - 135 - - - - 195 

1910 - - - - 50 50 
K 1911 - - - - 25 25 

1912 - - - -- 35 -- 35 
1913 5 5 

1910 - - - - 10 10 
1911 5 - - 5 

L 1912 - - - - 40 8 - - - - - - 48 
1913 10 5 - - - - - 15 
1914 - - - 60 - - - - - - - - 60 

1910 - - - 79 - 65 - - - - - - 144 
M 1911 - - - - - - 24 - - - - - 24 

1912 32 - - - - - - 32 
1913 - -- - - - - 50 - - - - - .50 

Totals . - 332 303 770 1073 926 420 423 214 161 161 40 4825 

B 



18 

The evidence in favour of bottles from Regional Areas A, B, and C having 
entered the North Sea is confined to the results of liberations carried out during the 
months between April and August inclusive, that is, practically during summer 
months only. 

Regional Liberation Area A. 

The only observation to be made at this stage in respect of the results per- 
taining to the Regional Area A is that the five entries in columns 2 and 3 of Table I. 
relate solely to recoveries upon the Orkney Islands, no bottle from these experiments 
having been found anywhere in the vicinity of the Shetland group. The experiments, 
however, are so meagre that too much stress cannot be laid upon this point. 

Regional Liberation Area B. 
TABLE III. 

Liberations. Recoveries. 

Month 
and No. of Frequency Distribution. 

Totals. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Year. Drifters. 

May 1910 40 - 3 5 2 - 1 - - - - 1 - 3 - - - 15 
Aug. 1910 25 - 1 3 2 2 - - - 8 
May 1911 5 - - 1 1 - - - - - 2 
Aug. 1911 45 - 3 3 1 - - 7 
June1912 8 - 1 2 - 3 
July 1913 10 4 4 
Feb.1914 10 - 2 2 
June 1914 5 - 1 1 

Totals 148 - 11 8 2 - 1 - - - - 5 2 12 1 - - 42 

Table III. shows that the recoveries effected from experiments over Regional Area 
B were equally divided between British and Scandinavian coasts. In connection 
with the former it is to be observed that, of the eleven bottles returned from the 
coastal Section 2, four stranded on western shores of the Shetland Islands, there 
being no recovery effected upon the eastern side of the group. The points of origin 
of these four drifters, belonging to liberations of the months of August 1911, February 
and June 1914, fell within the adjacent rectangles A18 and Bib, and the portion of 
Ci8 within the eastern boundary of Regional Area B. At the same time six of the 
Orkney Island returns originated in these same small rectangles, as also the isolated 
instance of the recovery on the British east coast south of Rattray Head. But the 
remaining nine drifters found on the Orkney shores came from points in Regional 
Area B, south of latitude 59° 30' N., from which no Shetland Island strandings were 
recorded. Thus it is indicated that, in the neighbourhood of the above latitude in 
the north- eastern corner of the area in question, there may take place a division in 
a more or less easterly flowing surface current, part flowing northwards along the 
western side of Shetland and part deviating southwards into the North Sea between 
Fair Isle and the Orkneys. That this phase is not limited to summer months only is 
demonstrated by the two returns from Shetland resulting from the liberation opera- 
tions in this area in the month of February 1914. 

Regarding the Continental recoveries enumerated in Table III. it is apparent 
that at least one -third of the drifters, of which the broad histories are known, cruised 
for a time within the North Sea, stranding ultimately on Skagerak shores, or on the 



south -west Norwegian coast. The probability is that a proportion at least of the 
thirteen drifters found on the Norwegian coast north of latitude 62° N. also emanated 
from the North Sea. The seven drifters definitely known to have entered the North 
Sea did not all originate in the same small region of Area B, the rectangle WWi6 
being represented in columns II and 12 of. Table III. in relation to the liberations 
carried out there in August 1910. In view of the fact that similar returns were made 
in respect of Regional Area A this was only to be expected. 

Regional Liberation Area C. 

TABLE IV. 

Liberations. Recoveries. 

Month 
and 

Year, 

No. of 
Drifters. 

Frequency Distribution. 
Totals. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

May 1910 150 - 4 16 1 - 15 1 1 2 40 
Aug. 1910 75 1 1 17 1 - - 20 
May 1911 75 - - 1 - - - -- - - - - 2 23 1 - - 27 
Aug. 1911 20 2 1 - - 3 
May 1912 72 - 2 4 2 3 - 11 
June1912 48 - 1 5 2 - - 8 
July 1913 40 4 - 5 - - - 9 
Feb. 1914 10 2 2 
April 1914 15 1 1 
June1914 20 - 2 2 1 - - 5 

Totals 525 - 9 21 - 2 4 75 9 4 2 126 - 
Barely one -quarter of the total number of recoveries resulting from experiments 

begun over the Regional Area C stranded upon British coasts -all of them upon the 
Orkney and Shetland Islands. The three bottles returned from Orkney had drifted 
from the rectangular areas XX22 and YY22. Provided it is possible from the accom- 
panying records to estimate them, the routes followed by these three drifters should 
prove interesting. The remaining 27 " British " bottles were found among the 
Shetland Islands, nine on the west side and eighteen on the east. These did not all 
proceed from the rectangular areas adjacent to the Islands, the rectangles YYr9, 
and ZZ2o to the west and D22 to the north being represented in the entries in column 
3 of Table IV. The evidence as to routes indicates a general course from the west 
to the east side of the Shetlands by way of the north of these Islands. 

The bulk of the returned drifters pertaining to Regional Area C stranded at 
points on the Norwegian coast north of latitude 62° N. A further six bottles, at least, 
undoubtedly entered the North Sea, and it may be of importance to note that two of 
these, one returned from the Skagerak and the other from the south -west Norwegian 
coast, originated to the west of longitude q.° W., namely in rectangle ZZ22, from 
which region it might reasonably be expected, in the light of previous knowledge, 
that drifters would proceed almost directly towards the Norwegian coast on the 
northern fringe of the Norwegian Atlantic Stream. Both the above bottles belonged 
to the series liberated in August 1910. 

The two recoveries upon the Faroe Islands from the May 1910 experiments, as 
also the sea recovery to the west of the group, are interesting in that they point to 
the existence of a southerly flowing current to the east of the Islands and a northerly 
flowing drift on the west side, probably continuous and enclosing the Island group 
in an anticyclonic eddy. 
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TABLE V. 

Liberations. Recoveries. 

Month 
and 1\ 

Frequency Distribution. 
Totals. 

llril'tcrs. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Year. 

April1910 71 - - - - 3 3 - - 1 3 4 - - - 2 - 16 
May 1910 86 -- 2 1 1 2 2 - 15 1 - - - - 2 - 26 
Nov.1910 80 - - - - 8 - - - - 2 5 15 
Feb. 1911 60 4 9 - 1 - - - 14 
Mar. 1911 10 5 5 
April1911 125 - - - 6 1 - - - - 1 9 11 6 - - - 34 
May 1911 . 20 - - - 1 4 -- - - - 5 
June 1911 40 2 3 2 1 - -- 8 

July 1911 35 4 4 

Aug. 1911 5 1 1 

Sept.1911 40 2 1 4 7 
Oct. 1911 57 - 2 6 3 1 12 
May 1912 40 - - - - 6 2 - - 2 - 2 12 
June 1912 95 - 1 1 2 2 2 - - - 3 5 - 1 - - - 17 
July 1912 28 2 2 1 1 - - - - 6 
Sept.1912 16 - 1 1 2 1 1 - -- 6 
Nov. 1912 24 1 3 1 - - 5 
Mar. 1913 140 - 2 28 4 3 1 - 38 
April 1913 140 - 4 20 1 3 2 6 - 1 - 37 
May 1913 50 2 1 1 - - - 4 
June 1913 60 - - - - 4 11 - - - 1 4 1 - - - - 21 
Feb. 1914 152 - 5 2 1 3 5 11 - - - 27 
Mar. 1914 5 1 - - - - 1 

April1914 100 - 1 1 1 5 1 1 - -- 10 
June1914 125 - 1 4 1 1 4- 6 1 - 1 19 
July 1914 65 - 1 1 5 1 8 

Totals 1669 - 18 64 27 29 21 2 - 19 23 66 27 51 3 7 1 358 

Somewhat less than half the total number of recoveries resulting from the 
liberation of 1669 surface drifters over the Regional Area D stranded upon British 
coasts. As has already been stated a larger proportion might well have been looked 
for in view of the proximity to land of the majority of the liberation- stations in this 
area. 

A notable blank in the above tabulation of British coast recoveries occurs in 
respect of the experiments of the months of June, July and August 1911, indicating 
that, immediately following upon the operations pertaining to these months,there 
was little if any set of the surface water in towards the British east coast. 

It will be observed from Table V. that no less than eighteen bottles found their 
way to the western shores of the Orkney and Shetland Islands -in one case to the 
north coast of the mainland of Scotland. These recoveries were not confined in 
origin to the liberations of a particular year, nor to those carried out in any one 
season. There must then have been operative at certain times a drift of surface 
water, leaving the North Sea and flowing westwards or north -westwards through the 
channels between Shetland and the mainland of Scotland into the Regional Area B. 

Of the total 161 " British " recoveries, the proportion returned from the eastern 
shores of Orkney and Shetland is extraordinarily large in view of the general system 
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of surface drift over the region under examination, as propounded by Fulton (3, 
b and c) and Robertson (I I), and suggests probably some modification of the findings 
of these investigators. A close scrutiny of the chronological table (Appendix) reveals 
the important fact that 67 of the 82 drifters entered under headings 2 and 3 of 
Table V. stranded at points not only to the west, but to the north of their corresponding 
points of origin. This phenomenon again does not appear to have been confined 
to the experiments initiated during a particular season of the year. It is further to 
be noted that some of the bottles found on Orkney and even Shetland shores were 
set adrift well within the Moray Firth, pointing to the existence at certain times of a 
surface drift northwards from that region along the shores of the Orkney and Shetland 
Islands. This point will be further amplified in the cartographical analysis of the 
data. 

In consideration of the scope of the liberation operations carried out in the 
waters of the Moray Firth, as defined by the sea area westwards of a line joining 
Duncansby and Rattray Heads, the total number of drifters picked up on the shores 
of the Firth is small. This is probably connected in some way with the above indicated 
features of the surface drift over the Regional Area D. Moreover, four of the 27 
drifters returned from places on the Moray Firth coast -line originated at points 
outside the Firth altogether. Of the 388 bottles put overboard westwards of the 
above -mentioned imaginary line, 78 were ultimately returned, but only 23 of these 
stranded within the Firth, the bulk of the others crossing the North Sea to Danish, 
Swedish, and Norwegian coasts. 

Resulting from the experiments of the month of May 1910 within the area under 
present examination, it is observed that two drifters stranded on the British east 
coast south of latitude 54° N. The remaining three of the total of five bottles returned 
from this coastal district during the entire period of the experiments belonged, as 
has already been pointed out, to operations conducted during the month of June 
1913, in which season of that particular year apparently something abnormal took 
place in regard to the surface water movement of the North Sea. The 1910 results, 
even though they be somewhat unique, do not warrant the assumption of entirely 
abnormal characteristics of drift as do those of 1913, as, from the original data, a 
comparison of the positions of the respective liberation- stations will at once make 
clear, having in mind Fulton's chart. 

In contrast to the results pertaining to Regional Areas A, B, and C, Table V. 
shows that a fair number of drifters from Area D stranded upon western Danish 
and Schleswig- Holstein coasts, and also a greater proportion of bottles were returned 
from within the Skagerak area. 
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TABLE VI. 

Liberations. Recoveries. 

Month ' Frequency Distribution. 
and No. of Totals. 

1 10 11 12 13 14 15 16 Year. Drifters. 
2 3 4 5 6 7 8 9 

May 1910 31 - - - - 8 3 - - - - 11 
June 1910 82 - - - - 6 21 - - 3 - - - - - 3 - 33 
Oct. 1910 10 - - - - 6 - - - - 6 
Nov. 1910 20 - - - - 9 - - - - 9 
Dec. 1910 25 - - - - 8 - - - - 1 4 - - - - - 13 
Feb. 1911 25 - - - - -- 1 - - - 2 4 - - - - - 7 
Mar. 1911 70 - - - - 14 12 - - - - 2 - 3 1 - - 32 
April 1911 10 4 - - - - 4 
May 1911 26 - - 1 - 1 
June 1911 10 1 1 - - - 2 
July 1911 31 2 - 1 - - 3 
Sept. 1911 80 7 1 10 - - - 18 
Oct. 1911 5 - - - - 4 - - - - 4 
Mar. 1912 58 - - - - 3 2 1 - - - - 6 
April 1912 10 2 - - - - 2 
May 1912 10 1 - - - - 1 
June 1912 16 4 4 1 - - - - - - 9 
July 1912 46 - - - - 3 2 - - 2 2 - - - - - - 9 
Sept.1912 48 - - - - 1 - - - - -- 8 2 - - - - 11 
Oct. 1912 20 14 1 - - - - 15 
Nov. 1912 12 3- - - - 3 
Mar. 1913 20 - - - 1 1 1 - 1 - - - 4 
April 1913 100 - - - - 6 4 - 1 - - 2 1 - - 1 - 15 
May 1913 80 - - - - 2 5 - - - - 2 4 - - - - 13 
June 1913 40 8 1 - - - - 9 
Nov. 1913 25 1 2 - - - - - - 3 
June 1914 45 1 1 5 1- - 8 
July 1914 50 1 5 - - - 6 

Totals 1005 - - - 1 85 74 1 1 10 9 30 10 28 3 5 - 257 

In the case of the results of experiments conducted over Regional Area E between 
1910 and 1914, just over one -half of the total recoveries recorded took place upon 
the British coast, all except one south of Rattray Head, Aberdeenshire. Thus the 
present results would at first sight appear to be in greater conformity with those of 
Fulton in this area than we have seen to be the case in the above examination of the 
results pertaining to the Regional Area D. The isolated instance, however, of that 
drifter from the Region E having reached and stranded within the Moray Firth 
raises the question as to whether all bottles recovered upon the British coast from 
liberation- stations in Regional Area E were found at places to the south of the 
corresponding points of origin, which was, in fact, one of the results of the 1894 -1896 
experiments over the area in question, with the exception (noted by Fulton) of those 
of December 1896. A particular examination of the records shows that no fewer 
than 43 drifters were recovered to the north of the corresponding points of liberation, 
and this time there does appear to have been a connection between the season during 
which liberation operations were conducted and the loci of recovery of those drifters 
found upon the British coast. The months involved were mainly those of the first 
and last quarters of the year. 

The lack of British coast recoveries from experiments begun during the months 
of May, June and July 1911 should again be noted (cf. Table V.), and in contrast 
to this the relatively large number of drifters apparently driven in towards the 
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British coast following upon liberations during May and June, October to December 
1910, and again during March 1911. 

The returns of drifters which had crossed the North Sea from the Regional 
Area under present examination are similar to those from Area D, in that the greater 
proportion of these recoveries took place within the Skagerak area and on the 
Norwegian coast between latitudes 62° N. and 70° N. 

Table VI. also contains two of the unique records of the entire data, namely, 
the recoveries south of latitude 54° N., one on the British side and the other on the 
Continent. These have already been commented upon. 

Regional Liberation Area F. 

The Regional Area F was visited for the purpose of setting afloat surface drift - 
bottles only in the month of October 1913 and, as shown in Table I., eleven of the 
thirteen returns from these experiments stranded within the Skagerak, no bottle 
being recorded as having beached anywhere on the British coast. 

Regional Liberation Area G. 

During the month of May in each of the years 1910, 1911, and 1912, a series of 
drifters was despatched from a point in Regional Area G. Table I. indicates that 
only four recoveries resulted from these experiments. All four, which took place on 
the shores of Shetland, belonged to the series set adrift in May 1912, no returns 
whatever being made from the earlier experiments. 

Regional Liberation Area H. 

TABLE VII. 

Liberations. Recoveries. 

Month 
and 

Year. 

No of 
Drifters. 4 5 

Frequency Distribution. 

10 11 12 15 16 
Totals. 

1 `L 3 6 7 8 9 13 14 

May 1910 75 - - 4 - 2 1 - - 1 3 - - - - 2 - 13 
Sept. 1910 30 - - 3 - - - - - - - 2 - 4 - - - 9 
Feb. 1911 30 - - - 2 2 10 2 2 - - - 18 
May 1911 35 3 2 1 3 - - - 9 
July 1911 10 1 - - - 1 

Aug. 1911 45 1 5 4 2 - - - 12 
May 1912 40 1 5 2 1 - - - 9 
June 1912 8 2 2 
April1913 10 1 - - - 1 
May 1913 10 2 - - - 2 
June 1913 20 2 2 
July 1913 5 1 1 - - - 2 
Feb. 1914 20 2 2 
April1914 50 2 3 - 2 - - - 7 
June 1914 50 - - 1 - - - - - - - - 2 - 1 - - 4 
July 1914 50 - - 2 - - - - - - - 1 - - 1 - - 4 

Totals 488 - - 10 - 2 1 - - 3 12 32 12 21 2 2 - 97 
. 
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The recovery upon Shetland and Orkney shores of drifters set afloat within the 
Regional Area H would at first sight appear to be irreconcilable with Fulton's well - 
known diagrammatic representation of the general system of surface drift over the 
Northern North Sea area. Whether or not this is the case as regards the years 
1910 and 1914 cannot be investigated conveniently at this stage, but will form an 
important part of the cartographical analysis of the data. 

It is to be observed, however, that the ten drifters concerned dici not all proceed 
initially from the same quarter of the Regional Area under present examination. 
Those resulting from the experiments initiated during May 1910 and June and 
July 1914 were floated north of latitude 60° N. in the rectangles E.20, F.19, and F.2o. 
Also, one of the sea recoveries belonging to a series of bottles liberated during May 
1910 and picked up afloat some 36 miles south by east of Bressay Island, Shetland, 
originated in the rectangle E.18. But the three bottles returned, one from Shetland 
and two from Orkney, as a result of the September 1910 liberations, were put into 
the sea at points in rectangle E. 15,considerably farther south in the Regional Area 
than the others above -mentioned. 

Relative to the non -British coast recoveries from the experiments here con- 
sidered the only point of note is, once again, the large proportion of returns from 
the Skagerak region. 

Regional Liberation Area J. 

TABLE VIII. 

Liberations. Recoveries. 

Month 
and No of Frequency Distribution. 

Totals. 
5 6 7 8 9 10 11 12 13 14 15 16 Year. Drifters. 

1 2 3 4 

June 1910 35 - - 2 3 - 1 - - - 6 
Dec. 1910 15 - - 2 5 7 
Feb. 1911 25 - - 4 10 1.4 
May 1911 10 - 
July 1911 16 - 
June 1912 24 - -. - 3 - 3 6 
Aug. 1912 20 - - - -- 3 3 - - - - 6 
May 1913 30 - 1 - - 2 2 - - - - 5 
June 1913 30 2 1 - 3 
Aug. 1913 135 - - - - 4 2 4 20 1 - - 31 

Totals 340 - - - - 4 - 2 1 3 8 28 9 21 1 1 - 78 

From all experiments begun in the Regional Area J, excepting those of the year 
1913, returns were most frequently made from the Skagerak area as shown in 
Table VIII. 

The only British coast recoveries recorded in respect of liberations within this 
area were those which had been set adrift during this exceptional year. The peculiar 
features of the year 1913 have already been remarked upon in the discussion of the 
Table I. The above table (Table VIII.) contains three of the instances there cited, 
namely the entries in columns 7 and 8. 

The liberations of the month of August 1913 were carried out, on different days, 
from one and the same point -the intersection of latitude 57° N. with the prime 
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meridian. In view of the unique results arising from the experiments of May and 
June of the same year, the distribution of the recoveries from the August 1913 
experiments is peculiar, in that four of the 31 returns came from points on the mid - 
east Scottish coast to the west of the liberation- station, while the main bulk, to the 
number of 21 bottles, failed to strand within the North Sea. at all, only two bottles 
being found within the Skagerak and four on the south -west Norwegian coast between 
Lindesnaes and latitude 62° N. Further investigation of this phenomenon must be 
left over meantime. 

In spite of the fact that, as Table VIII. shows, so few drifters were liberated 
during May and July 1911, the Regional Area J is so central with respect to the 
entire North Sea that the total lack of recoveries from these small experiments is 
remarkable. It is to be observed in passing that this is not the only area in regard 
to which the results of the summer experiments of 1911 appear to differ from those 
of the other years considered, as reference to Tables V. and VI. will indicate. 

Regional Liberation Area K. 

TABLE IX. 

Liberations. Recoveries. 

Month 
and 

Year. 

No. of 
Drifters. . 

Frequency Distribution. 
Totals. 

1. 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

May 1910 
May 1911 
May 1912 
July 1913 

50 
25 
35 

5 

- - - 
- - 
- -- 

3 - 
6 

-- - - - -- 
-- - - - -- - 

1 - - - -- 
1 - 
3 

- 
2 
1 

2 
6 - 

1 - 
1 

- - - 
- - - - 

8 
8 

11 - 
27 Totals 115 - - 9 - - -- - - 1 - 4 3 8 2 - - 

It is unfortunate that the experiments carried out in the Regional Area K were 
so few and confined to the same month of the three years for which records are 
available, since the results accruing from the work begun there in 1910, 1911, and 
1912 are obviously of some importance. 

At this stage in our knowledge of the hydrography of the region in question it is 
somewhat surprising to find bottles originating therein " thrown back," as it were, 
upon the Shetland Islands and, in one case, on Fair Isle, midway between the Shet- 
land and Orkney groups. Nor, as Table IX. shows,were those instances confined 
to a single year. The May 1910 experiments from which Shetland Island recoveries 
are recorded were initiated in rectangle G.22 and those of May 1912 in rectangles 
H.21 and H.22, that is, between longitudes 2° and 4° E. and north of latitude 61° N., 
an area outwith the conventional northerly limit of the North Sea. 

That drifters emanating from Regional Area K coursed farther south into the 
North Sea than even the Shetland Islands or Fair Isle is proved by the resulting 
returns from the Skagerak area ; probably also by those from the section of the 
Norwegian coast north of Lindesnaes to latitude 62° N., since these bottles most 
likely attained their stranding- places while cruising northwards along the Norwegian 
coast. 
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TABLE X. 

Liberations. Recoveries. 

Month 
and 

Year. 
No. of 

Drifters. 

Frequency Distribution. 
Totals. 

8 9 10 11 12 13 14 15 16 

May 1910 10 - 
May 1911 5 1 - - - 1 

May 1912 40 - - 1 3 1 2 - - - 8 
June 1912 8 - - - 1 2 - - - - 2 
June 1913 10 - - - 1 1 

July 1913 5 - 
April 1914 60 - - 1 2 9 2 - 1 - 15 

Totals . 138 - - 2 7 12 5 - 1 - 27 

The returns from the experiments pertaining to the Regional Area L came with 
greatest frequency from places on the south -west Norwegian coast, as of course 
might be expected, but it will be part of the business of an ensuing report to explain 
if possible the anomalies contained in the above table, particularly the routes by which 
bottles reached and finally stranded within the Skagerak area and to the south of 
it, which instances were again representative of the experiments of more than a 
single year, although the season during which liberation operations were carried out 
was practically the same in each of the years concerned. 

In fact, the entire records (see Table II.) show a scarcity as regards liberation 
operations carried out during the first and last quarters of the year, particularly in 
respect of the more open sea Regional Areas. This lack of data for the winter months 
is of special significance in regard to the Regional Area above considered, namely 
Area L, for, from a short series of experiments partly carried out in the rectangles 
G.15 and H.16 during the month of October 1903, Fulton (3e, p. 5) obtained notable 
results. " The earliest (bottles) to be returned," he records, " ... came unexpectedly 
from the Shetland Islands." No similar records are contained in the 1910 -1914 
material and unfortunately, as has been indicated, no experiments strictly com- 
parable with those of Fulton were performed within this period of five years. 

Regional Liberation Area M. 

TABLE XI. 

Liberations. Recoveries. 

Month 
and No. of 

Drifters. 
Frequency Distribution. 

Totals. 
8 9 10 11 12 13 14 15 16 Year. 

April 1910 79 - - 5 15 1 3 1 - - 25 
June 1910 65 - - 1 5 2 4 - 1 - 13 
July 1911 24 - - 3 4 1 - - - - 8 
June 1912 32 - - - 4 - - - - - 4 
June 1913 50 1 5 6 

Totals . 250 1 - 9 33 4 7 1 ] - 56 
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The results enumerated in Table XI. in respect of the work done in the Regional 
Area M indicate that under normal conditions the direction of the surface water 
movement over the said area during at least early summer months is such that 
floating objects will find their way in the majority of cases into the Skagerak. 

It has already been inferred from the records pertaining to other areas that the 
year 1913 was probably an abnormal one in relation to the surface drift of the North 
Sea as a whole, and Table XI. contains one of the unique results of that year, namely 
the recovery of a drifter on the Dutch Island of Texel (column 8). 

CONCLUDING GENERAL REMARKS. 

In brief, then, the above short analysis leads to the following inferences, which 
are to be borne in mind in the approach to a more detailed examination of the data 
on the basis of an attempt to determine, so far as is possible, the history of each 
and practically every bottle between the dates of despatch and recovery. 

Unfortunately, as regards the Faroe -Shetland Channel region, upon conditions 
in which it is now generally accepted the dynamical system of surface waters in the 
Northern and Middle North Sea mainly and immediately depends, the limitations 
of the present data permit only of statements of the most general application. Never- 
theless, it is hoped that the broad deductions here given will contribute in some 
measure to an understanding of the general system of surface water movement over 
the eastern portion of this important area. 

On the western side of the Channel there would appear to function at certain 
times an anticyclonic surface eddy enclosing the group of the Faroe Islands. Certain 
of the above results indicate also that surface -floating organisms which may be 
encountered in the area lying to the eastward and south -eastward of the Faroe group 
may be met with again, at some later time probably, in the north -western area of 
the North Sea to the immediate east of the Orkney and Shetland Islands. 

The direction of flow of the surface waters from the Regional Area A to the 
Regional Area B, in summer months at least, would appear to be north -easterly, 
deviating gradually more eastwards on the northward passage,until, about latitude 
59° 30' N., the direction may become almost due east. Approximately on this same 
latitude and south- westwards of the southern extremity of the Shetland peninsula 
the drift -stream appears to divide, part turning northwards again, passing the 
Shetland Islands on the right and part taking an opposite course southwards into the 
North Sea between Fair Isle and the Orkney Islands.. It is not unlikely that the 
former stream, namely that flowing northwards to the west of Shetland, enters 
the North Sea by way of the north of these Islands. 

The records of drift- bottle experiments contain strong evidence that, superficially, 
at any rate, a greater inflow of water into the Northern North Sea area proceeds by 
way of the opening between Shetland and Norway than by way of the channels 
between Shetland and the mainland of Scotland, as deduced by Robertson (ii). 
Indeed, it is suggested by certain results that on occasions surface water actually 
leaves the North Sea by way of the Scotland- Shetland Channels. At this stage it 
would appear as though the entry of surface water to the North Sea between Shetland 
and Norway were largely if not entirely confined to the western side of the opening, 
in spite of the fact that at least part of the impulse behind the stream as it crosses 
the conventional northerly limit of the North Sea, namely latitude 61° N., may be 
derived, as in the summers of 1910 and 1912, from regions between latitudes 61° and 
62° N. within 6o miles of the Norwegian coast. 

The north -western portion of the North Sea,represented by the Regional Area D, 
is apparently a somewhat complex region as regards translation of the superficial 
water layers. First of all, in respect of the Moray Firth area,there are the anomalies 
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brought out in the above analysis, of the relatively small numbers of drifters returned 
from points on the coast between Duncansby Head and Rattray Head and the 
fact that some of these belonged to series of bottles set away outwith the boundaries 
of the Firth altogether -mainly at stations to the north of latitude 58° 3o' N. In 
conjunction with these phenomena may be taken, tentatively meantime, the evidence 
pointing to the existence -temporary at all events -of a surface current leaving the 
Moray Firth and flowing northwards off the eastern shores of Caithness and Orkney, 
thereafter sometimes coursing along the eastern and sometimes along the western 
shores of Shetland. In all likelihood this drift -stream, when in operation, consists 
merely of a narrow strip of contrary- moving water, and the suggestion is made that 
it signifies the escape of water pent up in the Moray Firth as a result of a strong 
flow from the more open sea to the north and north -east, towards this bay in the 
Scottish coast. This stream flowing northwards off the eastern coasts of the Orkney 
and Shetland Islands must at times check, almost if not quite completely, the influx 
through the Scotland -Shetland Channels, of superficial water from the region of the 
Faroe- Shetland Channel into the North Sea. Whether or no all, or even a majority 
of the drifters found for the most part on the eastern Orkney and Shetland shores, 
drifted ultimately northwards from the Moray Firth to their respective stranding - 
places, will receive special attention in a subsequent more detailed examination of 
the present data. 

Farther south, but still on the western side of the North Sea, particularly in that 
area defined on the chart, Figure 1 by the Region E, the above results indicate, in 
contradistinction to those obtained by Fulton, that there are times when a northerly 
drift operates in the surface waters of the coastal margin of the area in question. 
The present results suggest that this is most likely to happen during the first and 
last quarters of the year. 

As regards the more open waters of the mid -Northern and Middle North Sea, 
especially the latter, there is little doubt that at most times conditions at the surface 
are such that the water -drift heads mainly towards the Skagerak. Resulting from 
the Scottish experiments of 1910 -1914, drifters in respect of which periods of less 
than a year had elapsed between the dates of liberation and recovery were found 
eastwards of a line. joining Hantsholm and Lindesnaes during all months of the year, 
as the following table, constructed from the original data, demonstrates :- 

TABLE XII. 

Monthly Frequency of Skagerak Recoveries from all Liberations. 

Month of Recovery Jan. Feb. Max. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

No. of Drifters recovered . 9 9 22 7 15 8 12 10 17 12 28 40. 
(1) (6) (4) (4) (2) (5) (2) (1) (1) (3) (2) 

[N.B. -The bracketed numbers refer to additional recoveries effected more than a year 
after the corresponding dates of liberation.] 

The months showing greatest frequency of Skagerak recoveries are November, 
December, and March, thus agreeing with Carruther's finding (2) from similar experi- 
ments in the Southern North Sea during 192o and 1921. It may be that the low 
figures above recorded for January and February are in some way due to irregu- 
larities in times and places of initiation of the Scottish experiments (see Table II.). 

In concluding this preliminary report attention may again be directed to the 
broad facts (1) of the non - recovery of Scottish drifters at places south of latitude 



53° N. on either side of the North Sea, thereby more or less distinctly differentiating 
the Northern and Middle North Sea from the Southern Area in respect of surface 
water movement and (2) the lack of returns from places south of latitude 57° N. 
of drifters which had been set afloat at points west of the Orkney and Shetland 
Islands. 

As to particular years, that of 1913 seems to have been peculiar in some very 
definite way which may unfold itself in a later and more detailed analysis. During 
1911 also there would appear to have been a distinct set away from the British 
east coast during summer months at least. tnearr.tirne 

Finally, it must be clearly understood that the above results referpnly to the 
most superficial stratum of the sea areas concerned. 
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4 

The Surface 'Water Drift in the Northern and 
Middle Areas of the North Sea and in 

the Faroe- Shetland Channel 
PART II 

INTRODUCTION 

IN introducing the first part of this work it was pointed out (Part I, p. io) that a 

preliminary survey of the present experimental results, based upon the simple 
method of connecting by straight lines the points of liberation and recovery of 

drifters, did not lead to information of further consequence. Nor, for reasons already 
given, can a direction- sector method of analysis such as that employed by Carruthers 
(2) * be adapted successfully to the present material. 

Recourse was had ultimately to a method similar to that used by Ryder (5) in 
Igor, with some of whose experiments the Scottish operations are comparable. 
Liberation -stations and points of recovery are plotted on blank charts, a new chart 
for each month's liberations in the first instance. Drift -periods are then studied 
collectively and individually with a view to tracing the approximate course pursued 
by each bottle during the time it was presumably at sea. 

In estimating these courses it is regarded as axiomatic that the several bottles 
of the group despatched simultaneously from a particular point drift from that 
spot more or less in company and only gradually fall away from one another as 
they proceed on their way. The present writer is unable to accept, as of general 
applicability, Nielsen's statementt to the effect that some bottles of the group 
may immediately set off upon a course widely divergent from that taken by the 
remainder. 

Further, in tracing curves to represent the courses of contemporarily drifting 
bottles, special care is exercised to avoid the acute intersection of any two curves 
over open -sea areas, so giving rise to the untenable hypothesis of superficial cross - 
drifts within the same small sea -area at one and the same time. The application of 
this condition to the present data proved to be somewhat difficult until the 
phenomenon of swirls came to be considered as a result of certain observations, to 
which reference will he made in the appropriate place in the text. 

The conception of swirls must obviously be taken into account also in connection 
with another question commonly associated with drift -bottle experimental data, 
namely, that of the reliability of the figure expressing the difference in days between 
the dates of despatch and recovery of a bottle as a measure of the minimum time 
spent in passing from the point of liberation to the point of recovery, especially if 
the latter be on some distant and perhaps little -frequented shore. Hitherto, in 
discussions upon the results of drift- bottle experiments, frequent reference has been 
made to the probability of drifters having lain upon the beach for indefinite periods 

* Bracketed numbers in heavier type refer to the List of Publications, Part I, p. 30. 
f Nielsen, J. N. " Contribution to the Understanding of the Currents in the Northern 

Part of the Atlantic Ocean " (Medd. f. Komm. f. Havund., Hydrogr., Bind. I, No, 11. 
Kobenhavn, 1908). 
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prior to actual discovery. So far as concerns the North Sea it is at least equally 
likely that the above- mentioned complexes, of which no fewer than six are believed 
to function at various times of the year within the area in question, constitute an 
important, perhaps even a major factor in the recorded drift- periods of a great many 
returned bottles. This applies particularly to those which, registering long intervals 
between the dates of liberation and recovery, are found upon Continental shores after 
crossing the North Sea from west to east. 

In the case of the present results, further argument against the too frequent 
resort to the " lying- upon- the -beach " hypothesis is contained in the very persistence 
of long -period anomalies. At the same time the proportion of short -period returns, 
also from Continental shores, is not inconsiderable, and it is significant that both 
short -period and long -period bottles, belonging to contemporaneous liberations within 
a restricted sea -area (sometimes at the same liberation- station), have been returned 
from the same locality. Further, it frequently happens that numbers of long -period 
drifters, from experiments initiated in different seasons and over widely separated 
sea -areas, are found by different individuals at places some distance apart on a 
coastal section, at or about the saute time. Finally, the return of bottles set adrift 
well within the boundaries of the North Sea, not only from the higher latitudes of 
Norway, but from the Murman coast of Russia, and still more surprising, from the 
vicinity of the Faroe Islands, is positive evidence that drift -bottles remain afloat for very 
long periods --long enough to cover the vast majority of the periods of drift recorded in 
respect of bottles found on Danish, Swedish, and southerly Norwegian coasts. 

All of these facts strongly suggest that, in relation to the entire periods elapsing 
between the dates of liberation and recovery of drifters, the problematical portions 
of these times spent upon beaches are practically inconsiderable, except perhaps 
in a minority of cases. Hence, likely causes of delay to drifters while these are still 
at sea must first of all be sought and the above hypothesis invoked only when such 
investigations fail to produce a more satisfactory interpretation of the results. 

With this in mind, greater significance than hitherto is attached to the short - 
period return, and in the following analysis it is used as a basis of investigation 
into the histories of the longer -period recoveries. 

The greatest difficulty lies in the endeavour to present the results of analysis in 
logical and at the same time chronological sequence. The full significance of earlier 
records is appreciated only when the entire range of the experimental results has 
been systematically reviewed. This circumstance involves the repeated revision 
and readjustment of numerous details in the light of fresh facts which are only 
gradually revealed as the work proceeds. Obviously, such step by step and somewhat 
irregular accumulation of information, necessitating very frequent back reference 
and interpolation, cannot be set out concisely in the form of a report. Moreover, a 
few of the ultimate deductions depend upon cumulative evidence afforded by 
numerous more or less isolated experiments. 

In the following pages, therefore, while the data for the most part are treated 
in chronological sequence with respect to liberations, those pertaining to each calendar 
month being considered collectively and in the first instance independently, 
occasional digression and forward reference is found to be unavoidable. To obviate 
circumlocution, reference to the results of a particular station belonging to a 
month and /or year other than that in discussion at the moment are made in the 
following manner : -- 

" Station Apri1116 " = Liberation Station No. 6, of April 1911. 
" Station December1314 "= Liberation Station No. 14, of December 1913. 

The detailed data of liberations and recoveries are to be found in the Appendix 
to Part I of this report. 

The system of station numbering is in accordance with the method of treatment 
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of the data, the liberation- stations of each month being numbered consecutively 
and independently. The allocation of a new number to an entry in the chronological 
series of liberations is governed by a change in one or both of the two outstanding 
liberation factors, namely, the date and the position of despatch of a group of drifters. 

On the various charts showing the courses estimated in respect of returns from 
liberations effected during specified periods, the liberation -stations are denoted 
thus -©, the number beside each mark corresponding to that in the first column of 
the table, Appendix, Part I. At the points of recovery, marked by a dot only, the 
principal number represents the number of days between the dates of liberation and 
recovery of the drifter concerned, while the smaller, index number refers to the station 
at which the bottle originated. On several of the charts where a multiplicity of curves 
tends to obscure the reading of the diagram, recovery numbers will be found also 
at intermediate positions alongside the appropriate curve or group of curves. 
\ \There no recoveries ensued from the liberations made at a particular point, the 
same is denoted on the charts by a short thick line beneath the station mark. 
Depth contours where shown represent fathoms. 

Regarding the accuracy with respect to geographical position of the liberation - 
stations, this doubtless varies to a certain extent, the more open -sea positions being 
possibly less accurately defined than those within or just beyond sight of land, the 
degree of precision depending upon weather and sea conditions during the cruise. 
The utmost variation, however, is probably within five or six miles of the true 
position. The lineal dimension of the various bottle- courses also has in general been 
measured to the nearest five sea -miles. 

Not only is it found to be inconvenient on account of the dimensions of the 
chart which would then be required, but it is obviously unnecessary to enter every 
recovery upon a diagram, particularly those which take place in high latitudes on 
Norwegian and Russian coasts. Such omissions are denoted by an asterisk in the 
table of data, and where these are not specifically cited in the text the reader will 
readily deduce from the discussion of contemporary results the probable routes over- 
taken by the drifters concerned. 

It may be well to repeat at this stage that, for reasons already indicated (Part I, 
p. II), the question of inter -relationships between wind and surface drift -currents 
does not form an integral part of the present analysis, although meteorological 
conditions are in fact referred to in several places throughout the text. It will 
be seen, however, that these references are of a very general description, and are 
made only in respect of localised sea -areas in proximity to land and in support of 
the assumption in those areas of drift -courses which, to all appearances, are more 
or less anomalous in regard to direction principally. More intimate relationships 
between the main characteristics of the two phenomena of wind and surface water 
drift will form the subject of a separate investigation when the surface current 
system of the areas dealt with is more firmly established. 

Finally, it should perhaps be mentioned that an item of considerable assistance 
in the work of interpreting drift- bottle experimental results, but one which on account 
of expense cannot always be published, is a second chronological table of the data, 
arranged this time on the basis of the dates of recovery of the drifters. The idea 
behind this arrangement of the material is that bottles stranding on the same coastal 
section within a short time of one another will, as a general rule, have followed the 
same route in the latter stages of their sea journeys. When the data are sufficiently 
numerous it may then be possible to argue not only forward, as it were, from the 
dates and positions of liberation operations, but backwards from the times and 
places of stranding of numerous drifters. Thus, in manly cases of very long routes 
only the intermediate sections of these may remain somewhat doubtful, and even 
this uncertainty may be remedied by a judicious planning of future liberations. 
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EXPERIMENTS COMMENCED IN THE YEAR 1910 

THROUGHOUT the year 1910, in the months between April and June, August and 
December, all four inclusive, the liberation of surface drift -bottles was carried out 
over a very wide area as demonstrated in Figure 2. This chart is similar in 
construction to Figure i (Part I), the denominator of each fraction signifying the 
number of drifters liberated within the rectangular area concerned and the numerator 
the corresponding number of bottles subsequently returned. 

The total number of drifters set afloat over the entire region during the above 
eight months was 1109, of which 303 were later recovered, a percentage return of 
27.3. 

The experiments begun in each calendar month are considered separately. 
* * * * ** 

April Liberations. 

The despatch of surface drift- bottles during the month of April 1910 was carried 
out from two stations over the region of the Great Fisher Bank and from seven 
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Figure 3 

points within the Moray Firth. In all, 150 bottles were put away, and of these 41 were 
ultimately recovered, at least one bottle from each of the above nine series being 
returned. 

The distribution of the recoveries is as follows :- 
From Stations 1 and 2. 

On the west Danish coast south of Hantsholm 
On the north -west Danish coast between Hantsholm and the Skaw . 

5 

. 13 
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On the west Swedish coast . . . . 2 
On the Norwegian coast between Lindesnaes and Ekersund 1 

On the Norwegian coast north of latitude 62° N. . 4 

From Stations 3 to 9. 

On the cast British coast between Bdchan Ness and Flamborough Head 6 
On the west Danish coast between Fanö Island and Nissum Fjord . . 4 
Eastward of a line joining Hantsholm and Lindesnaes, i.e. within the Skagerak . - 4 
At sea . 2 

Experiments commenced on 13th April 1910 when forty bottles were liberated 
some thirty miles north and west of the Great Fisher Bank. Two days later thirty - 
nine drifters were put overboard at a point immediately over the bank. Recoveries 
from these two series may be examined together. 

Obviously the most important returns for immediate consideration are those 
from Danish, Swedish, and south Norwegian coasts, and of these, three stand out 
from the others on account of the relatively short periods recorded as having 
been spent presumably at sea. The shortest -period bottle of all originated at 
Station I, being picked up 22 days later on the north Jutland coast at a point two 
miles west of Höjen. From Station 2 one drifter was recovered near the Skaw 
after 24 days, and another between Rubjerg and Hirtshals after 25 days. 

On the other hand, the majority of the recoveries pertaining to these two 
stations, although effected in proximity more or less to the three above -mentioned, 
registered drift -periods considerably in excess of 25 days. Further scrutiny of 
the magnitudes in question reveals the fact that they may be arranged in fairly 
well- defined groups as follows :- 

TABLE XIII* 

Number of recoveries 3 5 5 3 1 1 1 

Drift -periods 22-25 47-53 78-89 100-107 143 163 182 
Average period 24 51 84 104 143 163 182 

l____Y-JI--v--- A-,r= -_.,rJy_ 
Differences . 

_Jt 
27 33 20 39 20 19 

It is evident that the grouping of the drift- periods is not altogether fortuitous. 
In three cases the figures in the last line of Table XIII are practically the same 
-20 days-and in one of the remaining instances the difference is almost exactly 
double this figure. 

Thus there appears to exist a certain periodicity amongst the above- recorded 
drift- periods, causing them to fall into more or less well -defined groups. On the 
assumption that drifters liberated simultaneously from a given point and returned 
from the same coastal section pursue very similar courses, such periodicity is 
indicative of some systematic, retarding influence upon the bottles during their 
sea passages. In the present case the majority of the drifters in question were 
obviously affected and, bearing in mind the axiom relating to cross -drifts, periodicity 
in their times of stranding upon the north -west Jutland coast is most readily, if not 
exclusively explained as the effect of a circulatory system in the surface waters through 
which the drifters passed. To this system the main courses of the bottles are to be 
regarded as being approximately tangential. 

The surface -water swirls propounded by Böhnecke (r) at once suggest themselves, 
in particular the North -East Dogger Bank Swirl. 

* For Tables I XII, see Part I of this Report, Fisheries, Scotland, Sci. Invest., 1930, No. II, 
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It is reasonable to suppose that the three shortest -period recoveries did not 
enter this eddy, and for the 22 -day return from the vicinity of Höjen, north Jutland, 
an almost straight -line course from Station I may be assumed. Such is represented 
in Figure 3 and measures approximately 24o miles, thus postulating for this particular 
bottle an average daily rate of drift of 10.9 miles. 

It cannot be argued, however, that the two shortest -period recoveries from the 
Station 2 series of bottles also passed eastwards on the north side of the swirl, since it 
must be accepted that a number of the drifters liberated at Station I entered the 
complex. These Station 2 bottles must have cruised round the southern periphery 
of the eddy, which may be taken therefore as having been orientated during April 
and perhaps May 1910 over the region of the Little Fisher Bank. A circle of certain 
size is described in Figure 3 to represent the system approximately in size and position. 

In respect of these two recoveries from Station 2 the curves entered on the 
chart to represent their probable courses lead to the deduction of average velocities 
of 11.o and 9.4 miles per day respectively. 

The mean of the above three average velocity figures is 10.4 or approximately 
io} miles per day, and on the basis of this figure the longer -period recoveries may 
be investigated with a view to finding the probable times spent under the dominant 
influence of the North -East Dogger Bank Swirl. Prior to and after delay due to 
eddy influence the drifters in question are assumed to have traversed routes 
approximately as defined by the broken curves on the chart. These routes were 
first of all traced on large -scale charts and measured to the nearest five miles, the 
number of days then being calculated which would have been occupied by each 
bottle in accomplishing a continuously progressive course from liberation- station 
to stranding -place (i.e. passing round the periphery of, but not entering the swirl) 
at an average daily rate of drift of Io2- miles. The number of days remaining when 
these times are deducted from the full drift -periods may be taken as furnishing a 
measure of the time spent cruising within the eddy. These investigations are most 
conveniently set out in tabular form as follows, taking the recoveries in order of 
the magnitudes of their drift -periods. 

TABLE XIV 

Recovery.- 

(a) 

Course in Miles, 
Exclusive of Eddy 

Circuits. 
(b) 

Time in Days to 
Cover (b) at 10+. 
Miles per Day. 

(c) 

Residual Periods. 
(Days.) 

(a) -(c) 

47 2 275 26 21 
492 310 30 19 
531 325 31 22 
531 300 29 24 
532 245 23 30* 
782 245 23 55 
811 300 29 52* 
841 305 29 55 
852 245 23 62 
891 265 25 64 

1002 160 15 85 
1061 235 22 84 
1071 250 24 83 
1431 240 23 120 
1632 225 21 142 
1822 165 16 166 

. fi Recovcrie4 are denoted as they appear on the chart, Figure 3, and as explained on p. 6, 
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The main interest of the above table is contained in the last column, which 
gives the various times presumably spent within the North -East Dogger Bank Swirl. 
With due allowance for so- called " experimental error " these figures, excepting 
the two marked by an asterisk, may be looked upon as simple multiples of a constant 
factor of zo days, and it is remarkable that the same quantity was derived from 
Table XIII as defining the periodicity in the magnitudes of the drift -periods. 

Böhnecke (i) does not indicate what may be the physical characteristics of the 
Dogger Bank Swirls further than that they gyrate counter -clockwise. It may 
reasonably be assumed, however, that they are weakly centrifugal dynamically 
and that consequently, floating objects which become involved for a time in one 
or other of them will generally remain just within the periphery of the system, 
liable to escape fairly easily from its dominating influence. 

For convenience, the eddy with which we are immediately concerned is assumed 
to have been circular in plan at the time of these experiments. The above figure 
of 20 days, then, would appear to he a measure of the time required by a drifter 
to complete one circuit of the system, cruising just within its circumference. As 
such it is proposed to call this quantity the Period of Circuit of the complex. 

In the course of the seasons embraced by the above experiments, namely, 
between the middle of April and the middle of October 191o, there are two con- 
tingencies which may have arisen with reference to the North -East Dogger Bank 
Swirl as above defined. During these months it may have altered in position or 
in size, or perhaps both of these characteristics may have changed. Alteration of 
position would affect the fourth column of Table XIV, namely, the estimated mileage 
of a drifter's course exclusive of eddy circuits. But, so far as can be judged at 
present, it is equally likely that a more or less concomitant alteration -the effect of 
opposing influences -may have occurred in the dimensions of the swirl. 

Omitting the shortest -period returns from Danish and Swedish coasts, the following 
table gives the correlation between recoveries effected east and south of Hantsholm, 
and the corresponding dates :- 

TABLE XV 

Recoveries. (a) Number found East of Hantsholm. 

(b) Number found South of Hantsholm. Total Number. Dates. 

5 
5 
3 
1 

1 

1 

lst-7th June 
2nd -11th July 
24th -29th July 
3rd September 
25th September 
14th October 

(a) 5 
(a) 5 
(b) 3 
(b) 1 
(a) 1 

(b) 1 

It will be observed, firstly, that all the earlier recoveries, namely, those found 
prior to 12th July, took place within the Skagerak, and secondly, that with one 
exception those returned after the 23rd July stranded on the west Danish coast 
south of Hantsholm. 

The above facts suggest a translation of the North -East Dogger Bank Swirl 
towards the south or south -west during the summer of 191o, the cause of which is 
probably to be found in an extension of the superficial area covered by the fresher 
water output from the Baltic during this season. Confirmation of the hypothesis 
is contained in the isothermal charts of the Bulletin Hydrographique for 1909 -10 
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and 1910 II. Reference to the decade (ro -day) isothermal charts for the period 
May to September 1910 shows that from the beginning of May until the second 
decade of June the mean temperature of the surface water in the Skagerak rose 
rapidly, decade by decade, the isotherms penetrating well into the Skagerak from 
the North Sea. During the second and last decades of June there was practically 
equilibrium as regards the surface temperature in that region. Note the apparent 
correspondence between this thermal phase and the entire absence during the same 
time -interval of returns from Danish or Swedish shores relative to these first experi- 
ments of April 191o. 

The change of conditions by the first decade of July was very marked. 
The 15° C. isotherm was by this time pushed right outside the Skagerak and there- 
after to the end of September the disposition of isotherms was such as to 
demonstrate the spreading over the North Sea from the mouth of the Skagerak of a 
superficial layer of fresher water. 

The only other recovery from the above experiments which need be considered 
here is that returned from Lister in southern Norway after having been away 
from Station I for 52 days. To postulate that this drifter passed into the Skagerak 
by way of the north side of the above eddy leads to the deduction of a figure in 
respect of the mean velocity of drift much lower than Io2 miles per day. If it be 
accepted, however, that the bottle in question cruised round but did not enter 
the said swirl, as indicated in Figure 3, a route of approximately 540 miles must have 
been overtaken at an average daily rate of 1o4 miles. 

Thus, apart from the value of these analytical results as applying to a particular 
epoch, it is to be noted that it is possible by means of drift- bottle experiments not 
only to deduce the existence of a swirl of surface water s, but to determine with 
fair accuracy its position and extent. 
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The next series of liberations was carried out between the 23rd and 28th days 
of April from seven stations -numbers 3 to 9 inclusive- situated within the Moray 
Firth. 

The first observation to be made regarding the sixteen drifters recovered as a 
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result of these operations is that none was found on the shores of the Moray Firth. 
Six bottles were returned during the months of May, June, and July 1910 -two in 
each month -from points on the British east coast between Buchan Ness, Aber- 
deenshire, and Flamborough Head, Yorkshire. Two drifters were picked up at 
sea, 56 and 58 miles E.N. and E. by N. of Peterhead on 17th June and 9th 
July 1910 respectively. The remainder found their way ultimately to Danish, 
Swedish, and south Norwegian coasts. 

Reference to the Daily Weather Reports of the British Meteorological Office shows 
that for eight days prior to and for some time after the initiation of the experiments 
under review, the winds over the Moray Firth region blew mainly and sometimes 
strongly from the west quadrant, thus suggesting a probable cause of the non - 
recovery of drifters upon the shores of the Firth. 

The Open-Sea Recoveries: To a certain extent, the magnitudes 
of the drift -periods, but more particularly the positions of recovery of the two 
bottles picked up by herring drifters from the surface waters of the open sea,do not 
favour the assumption of courses almost due east from the respective points of 
origin, namely, Stations 6 and 9. The two bottles concerned then may have attained 
their ultimate positions either from the south or from the north. On the former 
proposition, the bottles passed out of the Moray Firth along its south coast, cruised 
southwards along and more or less parallel to the mid -east Scottish coast and at 
some point on this route deviated eastwards and finally northwards. The last part 
of such a course, namely, the drift northwards so far off land, is inconsistent with 
all observations made hitherto over the area in question. The latter hypothesis, 
namely, that the drifters were cruising in a southerly direction when discovered, 
postulates that the bottles left the Moray Firth along its north- western coast, cruising 
in a north- easterly direction and thereafter at some point on the route were carried 
eastwards and finally southwards. In this connection it is to be recalled that in 
the statistical treatment of the entire data a deduction was made (Part I, p. 21) 
which supports the first -mentioned part of such a cruise and the normal direction 
of flow of the. main surface drift -stream, as established by Fulton (3), affords cor- 
roboration of the second part. 

Accepting the latter explanation, the question next arises as to how far north 
the drifters cruised before turning eastwards. From the results of the April experi- 
ments this fact cannot be ascertained, but there is, fortunately, a case occurring in 
the results of the liberation experiments of the following month -May i9io -which 
throws light upon and in fact probably answers this question. 

On the 9th June 1910 a bottle liberated on 12th May was recovered at sea 
at a point 36 miles S. by E. of Bressay Light, Shetland -the point A in Figure 4. 
The April bottles with which we are concerned were recovered subsequent to the 
above date, the first on the 17th of June and the other on the 9th of July. Reference 
ahead to Figure 9 (a) will inform the reader of the course estimated for the above 
May bottle which originated at the position -- Latitude 59° 31' N. Longitude o° 37' E. 
From this instance it may be deduced that from about the first week of June there 
was a connection in the latitude of Fair Isle between a north -easterly flowing drift - 
stream emanating from the Moray Firth and the normal southerly drift to the east 
of longitude 1° W. 

Let it be assumed, then, that the 5i -day sea -recovery from Station Aprillo6 
passed over the point A on the same day as the recovery of the May bottle at that 
spot was effected, namely, on the 9th of June. The distance between the point A and 
the point of recovery of the former bottle measures about 102 miles and the 
corresponding difference between the dates of recovery is eight days, from which 
data a mean rate of drift of 12/- miles per day is deduced relative to this latter 
portion at least of the course indicated in Figure 4 for the particular April bottle 
in question. As will be seen later, this is practically the same figure as that reckoned 
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for the above drifter from the May experiments over its entire course as postulated in 
Figure 9 (a). 

To be in conformity with the above cases it is obvious that the 72 -day April 
recovery, found in proximity to and under the same circumstances as that 
originating from Station 6, must either have cruised farther north towards Shetland 
before turning southwards, or have been delayed prior to reaching the neighbourhood 
of the point A. The latter explanation is almost certainly the correct one, for, on the 
basis of the above average velocity figure, further evidence tends to show that both 
bottles were delayed in some way prior to reaching the latitude of Fair Isle. Such 
evidence is to be obtained by practical measurement of the full courses as these 
are represented by the curves in Figure 4 and division of the mileage so obtained 
by the corresponding drift -periods, when vectors of much less than 12! miles per 
day will result. 

Here we must fall back upon and utilise one of Fulton's suggestions and assume 
that at the period of the present experiments a small clockwise eddy was functioning 
in the inner Moray Firth and dominating for some time drifters set afloat within 
and in the neighbourhood of its region of influence. It is a moot point whether the 
aforementioned prevalence of westerly winds during April 1910 would be sufficiently 
strong and persistent to " wash out " as it were this gyratory system,* 

Acting upon the assumption of the eddy's existence at the time and taking 
for granted that, exclusive of eddy circuits, both the sea recoveries presently under 
discussion drifted over the courses plotted on the chart, Figure 4, at an average 
rate of 12, miles per day, an estimate may be made of the time spent within the 
circulatory system of surface waters. These times are found to be respectively 28 
and 48 days, and it is also to be noted that the difference between the total drift - 
periods of the recoveries in question is 21 days, all of which figures suggest for the 
Moray Firth Eddy a Period of Circuit of about seven days. Such a period is in 
conformity with the size of the swirl as represented in Figure 4 by the broken 
elliptical curve. 

The above point will be further amplified as the present analysis proceeds. 
The British East -Coast Recoveries: The positions of re- 

covery, the drift- periods, and the points of origin of the six drifters picked up on the 
British east coast are entered in Figure 4. It will be of further assistance to tabulate 
these seriatim according to their actual dates of discovery as follows :- 

TABLE XVI 

Station No. Drift- period. Date of Recovery. 

5 24 days 20th May 1910 
3 31 24th May 1910 
3 39 1st June 1910 
3 64 26th June 1910 
5 73 8th July 1910 
8 80 17th .July 1910 

It has been indicated already that the results of the experiments now under 
examination -those of April 1910 -are closely related to those of the following 
month's liberations. In the study of the above recoveries reference must again be 
made to the May records. Therein is contained evidence pointing to a set westwards 
into the Moray Firth of at least the west flank of the southward moving main -stream 

cali'hou5lh rhe said winds rnjhr be so for effective as to hreven r óorrles 

ourwifh the eddy boundQn from srrand on the n707,y Firth coast/01e. 
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drift along the British east coast, between the 21st of May and the 3rd of July 191o. 
This deviation appears to have taken place in the region about the point- Latitude 
58° oo' N. Longitude 1° 30' W. 

The date of recovery -loth May 1gIo -of the first of the above -noted drifters 
suggests that the date, 21st May, marks almost exactly the time of commencement 
of this westward trend towards and into the Moray Firth, for the drifter discovered 
on the Aberdeenshire coast on 2oth May must have experienced no such influence 
three or four days prior to being cast ashore, provided that its course immediately 
before stranding was a southerly one. On the other hand, this particular bottle may 
have attained its stranding -place from the south, drifting northwards along the coast 
under the influence of another eddy system, situated off the mid -east Scottish coast 
between Fife Ness and Aberdeen, which certain of the May results show was in 
operation at this time (see p. 27). In either case, this drifter and probably also the 
the remaining five tabulated in Table XVI must have passed out of the Moray 
Firth before the loth of May 1g1o, the later -recovered bottles becoming involved for 
a time in the complex hereafter named the Mid -East Scottish Coast Eddy. 

Another deduction from the experiments of the following month favours this 
conclusion. It has been estimated (p. 35) that the first bottle to pass a point east of 
Wick on a northward cruise did so on or about the 31st of May 191o. This finding 
precludes the assumption of a northerly course out of the Moray Firth in respect 
of at least the first three cases in Table XVI. 

The broken curve in Figure 4 then represents the most probable line traversed 
by the above six bottles after escaping from the Moray Firth Eddy. 

The Danish, Swedish, and South -Easterly Norwegian 
Coasts Recoveries: In order of date of discovery these are as tabulated 
below :- 

TABLE XVII 

(Station No.) : Place of Recovery. Date of Recovery. 

(5) Near Bulbjerg, Denmark 15th January 1911. 
(4) Kopstadsö, Sweden 9th February 1911. 
(6) Near Ringkjöbing, Denmark 18th February 1911. 
(4) Tjand, Nissum Fjord, Denmark 18th February 1911. 

(8) Near Ringkjöbing, Denmark 7th April 1911. 
(7) Fanö Strand, Denmark 30th April 1911. 

(8) Grebbestad, Sweden 16th November 1911. 
(9) Homborsund, South Norway 25th November 1911. 

As indicated by the broken lines marking off the above table into three sections, 
the recoveries upon Danish, Swedish, and south -easterly Norwegian coasts resulting 
from the April experiments fall into three well -defined groups according to the 
actual dates of recovery. The fortunate circumstance that no fewer than two 
drifters comprise each group undoubtedly minimises, if it does not entirely preclude 
the factor of uncertainty regarding the actual date of stranding as distinct from the 
date of discovery, the more so as the individuals of each group were recovered at 
points on the coast more or less widely apart. 

Consider the two drifters comprising the third group of Table XVII. The 
difference of nine days between the dates of recovery in conjunction with the relative 
positions of the stranding -places point to the fact that in all likelihood these two 
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bottles kept more or less together all the way across the North Sea, even though 
they may have taken more than eighteen months to complete the journey. 

The division of the remaining six entries in Table XVII into two groups is in 

accordance with the non -recovery upon Danish, Swedish, and south -easterly 
Norwegian shores during the month of March 1911 of any drifter from the 
April 1910 experiments in the Moray Firth. The examination of the results of 

later liberations of 191o, however, suggests that this hiatus is without significance, 
since no fewer than eighteen bottles belonging to 1910 experiments were picked 
up in that month (March 1911) on the coasts of Denmark and Sweden. In point 
of fact there appears to have been a concentration of such recoveries during the 
first three months of the following year, after a " blank " period, embracing, with 
the exception of a single recovery in November, almost the whole of the last quarter 
of 191o. 

It will be of interest and at the same time instructive to consider the relative 
dispositions of the liberation- stations of 1910 from which drifters attained the 
above shores in the first quarter of 1911. These are plotted as " positive records " 
on Figure 5, with the date on which operations were carried out alongside each 
mark, also the number of drifters immediately concerned. The loci of recovery 
are denoted by the blocking of the appropriate sections of the coast -line. 
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It is clear from a study of liberation -dates in conjunction with the relative 
distances of stations from the Danish and Swedish coasts that no direct relationship 
can be established between these two factors. For instance, there occur several 
cases like the following. Certain drifters despatched in the month of December 1910 
were found in proximity to, but definitely earlier than others which had been cast 
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adrift in the month of June 1910 from stations considerably nearer lineally to the 
Danish coast than were the December stations. Incidentally, it may be noted, as 
bearing upon the definition of the above- mentioned " blank " period, that the 
liberations of June r9ro resulted also in three recoveries between the 29th of September 
and the 9th of October rgfo on the shores of north -west Jutland and of Sweden. 
These three bottles originated at the points A, B, and C (Figure 5) respectively. 

Concerning the majority, therefore, of the above recoveries, the April bottles 
amongst others, the argument is that on account of some retrogressive influence 
they were prevented from making their way directly from their respective points 
of origin to the coasts of Denmark and Sweden. In the light of knowledge so far 
accruing from the present analysis such interference may be put down to the effect 
upon the drifters' courses of one or more of the following systems :- 

(a) The Moray Firth Eddy. 
(b) The Mid -East Scottish Coast Eddy. 
(c) The North -East Dogger Bank Eddy. 

There is, however, one other surface water complex of the Northern North Sea 
within which a number of the drifters now being considered may have become 
involved. This system will be treated in more detail later, but as a preliminary to 
its establishment attention is directed towards the almost total lack of recoveries 
upon Danish, Swedish, and south -easterly Norwegian shores during the first three 
months of 1911, resulting from certain liberations, contemporaneous with many of 
those already considered, carried out within the area defined by the elliptical curve 
on the chart, Figure 5. 

May Liberations. 

Liberations carried out during the month of May rgfo covered a very wide 
field. From the rith to the 14th of the month bottles were set adrift from twelve 
different stations on lines between Aberdeen and the Viking Bank and between the 
latter region and Lerwick, Shetland. A further fifteen stations were operated between 
the 18th and 21st on a cruise proceeding some sixty miles north -northwestwards 
from Flugga, Shetland, thence eastwards towards the Norwegian coast to 
longitude 4° E. and back again to Lerwick. A third and fourth series of eight and 
six stations respectively lay approximately on two lines : (a) between the northern 
entrance to Yell Sound, Shetland, and the southern extremity of the Island of Osterö 
in the Faroe group ; and (b) between the southernmost point of Suderö, Faroe, and 
Marwick Head, Orkney. One station on the Faroe Shelf connected the two series. 
In continuation of this cruise one station, midway between Papa Westray, Orkney, 
and the Island of Foula, Shetland, connected with a line of five stations proceeding 
in the direction of Kinnaird Head, Aberdeenshire, from a point about fifteen miles 
south of Sumburgh Head, Shetland. Finally, on the two last days of the month 
thirty -one drifters were thrown overboard from four points in the coastal waters 
off the mid -east Scottish coast between the mouth of the River Ythan, Aberdeenshire, 
and Fife Ness. 

From the above fifty -two stations a total of 452 drifters was despatched. 
Ultimately, 113 of these were returned. No recoveries were recorded in respect of 
liberations at eight stations. 

In view of the scope of the above operations and the wide distribution of resulting 
recoveries, a general survey of the month's results is first of all given. 

Liberation -stations and points of recovery were as usual plotted on a large 
scale chart, but all recoveries are not conveniently shown in detail on a chart of 
dimensions suitable for publication. 
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A prominent feature of the large -scale chart was the extraordinary concentration 
of recoveries upon the eastern shores of the Orkney and Shetland Islands and 
Fair Isle. This is conveniently indicated on Figure 6 by the partial " blocking " 
of these islands. Reference to the sources of the bottles in question reveals the 
fact that they proceeded, ultimately at least, towards Orkney and Shetland, 
from stations in some cases well over one hundred miles apart. Regarding the actual 
times of recovery, Table XVIII shows to within a fortnight the periods embraced 
by these returns. 
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TABLE XVIII 

Rastern Orkney -Shetland Recoveries 

Station 
No. 

Period of Recovery. 

.1 tne. .h ly. Aug. Sept. Oct. Nov. Dec. Jan. 
- 

1 -15 16 -30 1 - -15 16 -31 1 -15 16 -31 1 -15 16 -30 1 -15 16 -31 1 --15 16 -30 1 -15 16-31 1 -15 16-31 

4 1 - - - - - - - - - - - - - - 
13 - - - -- - - - - - - - - - 1 -_- - - 

10 - - 1 - - - - - -m - - -- 
11 1 - - - 1 -- - - - °-- - - - - 
13 -- - - 2 2 - - 1 - - - - - - - 
16 -- - - 2 - - -- - - - - - -- - 
18 - - 1 - - - - - - - - - - 
20 - - - - - 1 - - - .- - - - - -- 
23 -- - - - - 1 - - -- - - - --- - - - 
25 - - - - 1 - - - - - - 1 - - - 
28 - 2 - - - - - - - - - ---- - - - 
29 -- 2 - - 1 - - - - - 1 - 
30 - 1 I - - ° - - --- - - - - - 
34 _ - - - - - - - - -- - - - 1 - - - 
35 - - - - - - - - - - - - 1 - 
36 - - - - - - - - - - - - 1 - - - 
39 - - -- - 1 - 1 - - - - - - - - - - 
41 1 1 - - - - - - - 1 - - - 
42 1 - 2 - - - - - - - - - - - - - 
43 -- 1 I - - - - - - - - -- - - - 
44 - I - - - - -- - - - - - - - - - 
45 - 1 - - - - - - - - - - - - - - 

Totals 2 10 5 5 2 8 - 1 - - - - 5 - 2 - 
From this table it is clear that the concentration of recoveries which took place 

mainly upon eastern shores of the Orkney -Shetland Islands occurred for the most 
part between the middle of June and the end of August 1910. With regard to the 
five bottles recovered during the first half of December 1910 it might at first be 
considered that these stranded at a very much earlier date than that upon which 
they were actually discovered, in fact, along with the bulk of the drifters enumerated 
in Table XVIII. As will be seen later, however, the records for the month of 
September 1910 contain certain evidence showing that this would not be a legitimate 
conclusion. Rather do these later records strongly suggest that the above five 
long -period drifters and probably also the two recovered early in January 1911 
were " held up " at sea during the seven months between their dates of liberation 
and recovery. 

In regard to the remainder of the British coast recoveries from this month's 
experiments, the majority of these, to the number of twenty -one, were effected 
upon the coast south of Kinnaird Head, Aberdeenshire, to nearly latitude 53° N. 
The following table (Table XIX) demonstrates that they also fall into two groups 
in accordance with the season in which recoveries were made, the larger group of 
eighteen bottles being found during the months of June, July, and August principally, 
the smaller group not being recovered until towards the end of the year as in the 
case of the corresponding group of Shetland -Orkney returns. 
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TABLE XIX 

British East Coast Recoveries 

Station 
No. 

Period of Recovery. 

Oct. May. June. July. Aug. Sept. Nov. 

1 -15 16 -31 1 -15 16 -30 1 -15 16 -31 1 -15 16 -31 1 -15 16 -30 1 -15 16 -31 1- 1516 -30 

1 
4 

- 1 o 

1 

9 1 

26 1 

43 1 

44 1 

47 1 1 

49 1 1 1 

50 2 
51 2 1 

52 

Totals 1 4 3 3 5 1 1 1 2 

There would thus appear to have occurred during the year 191o, two definite 
impingements of surface water upon the British east coast, the first, probably the 
stronger, during summer months and the second during the following winter. 

Two of the above returns deserve special mention in that they are included in 
an exceptionally small group of the total returns enumerated in Table I (Part I). 
The two recoveries concerned originated at Station 1 and were returned during the 
latter half of July 1910 from points south of latitude 54.° N., thus indicating that 
during the summer of 1910 the normal southerly drift along the British east coast 
reached somewhat farther south than usual before deviating eastwards across the 
North Sea. 

On the Continental side of the North Sea another concentration of recoveries 
from the May experiments occurred on Danish and Schleswig- Holstein coasts south 
of latitude 56° N. The drift -periods recorded for these bottles are again fairly 
consistent, seventeen of the twenty -two drifters returned from this stretch of coast 
registering periods of from 245 to 324 days. The remaining five periods exceeded 
388 days. A table similar to that constructed for the Shetland and Orkney 
recoveries showed that the above seventeen drifters were recovered between 16th 
January and 3oth April 1911, sixteen of them during the first three months of the 
year. With one exception all the twenty -two drifters which stranded upon this 
part of the coasts of Germany and Denmark were derived from stations situated to 
the east of the Orkney and Shetland Islands, but west of a curve passing through 
Stations 18, 25, 3, and 48 (see Figure 6). 

Only three bottles stranded within the Skagerak as a result of the liberations 
of the month of May 191o. Two of these originated at points some 5o and 6o miles 
north -west of the Shetland and of the Orkney Islands respectively, namely, at 
Stations 31 and 40, and reached their stranding -places on the north -west Danish 
and west Swedish coasts during the first quarter of the following year. 

On the Norwegian coast north of Lindesnaes the most southerly recovery took 
place a few miles south of latitude 63° N.,between which and latitude 65° N. only 
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four drifters stranded. The latter four bottles came from stations from which other 
recoveries are recorded as having taken place within the boundaries of the North 
Sea, although the liberation- stations themselves were situate outwith these boundaries. 
In fact; the records for the month under present examination contain sufficient 
evidence towards the safe assumption that in respect of the twenty -two drifters 
recovered north of latitude 62° 50' N., the great majority, if not all of the bottles 
concerned cruised for a time within the North Sea. An exposition of this evidence 
is contained in Table XX which gives the frequency of the recoveries from the various 
stations, upon the following sections of the coast -line : -- 

A Eastern shores of the Orkney and Shetland Islands and the shores of the Moray Firth. 
B The British east coast south of Kinnaird Head. 
C Danish and Schleswig- Holstein coasts south of latitude 56° N. 
D Within the Skagerak. 
E The Norwegian coast north of latitude 62° 50' N. (Including one bottle recovered on 

the Murman coast, Russia.) 
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TABLE XX 

Station No. A I3 C D E 

1 

3 
4 
5 
6 
9 

10 
11 
13 
15 
16 
18 
20 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

- - 
1 - 
1 - 
1 
2 
5 - 
2 
1 . 

1 - 
1 - 
1 - - 
2 
2 
1 - - - 
1 

1 
1 - 
1 - 
5 
3 
1 

1 
1 - - - - - - - 

3 - 
1 - - 
1 - - - 

-- 
-- 

- - - - 
1 - - - 
- - 
- - - - - - 
--- 

1 

1 - - 
? - 
3 
2 
3 
3 

3 - 
1 

- - - - - - 
1 - - - - 
1 - 
1 - 
- 
- - - - - - - - 
- 

4 
4 
3 
2 
2 - - - - 

- - - - 
- - - - - - - - - - - 

1 - - - - 
1 

- - - - - - 
1 - - - - - 

-- - - 
- 

-- - - - - - - - 
1 
2 

1 

1 - 
1 

1 

-- - 
- - - 

1 - 
1 
2 
2 - 
2 
2 
2 
3 - - 
- - - - - 
- - 

Totals. 36 21 22 3 22 

The twenty -two drifters found upon the Scandinavian coast north of latitude 
62° 5o' N. originated at fourteen of the May stations. In respect of nine of these 
stations, Table XX shows that other recoveries were effected within,or immediately 
adjacent to the North Sea,on the British, or on German, Danish, or Swedish coasts. 

The drift -periods of twenty -one of the above drifters lie between 220 and 462 
days, the median period being 318, and the mean, 323 days. The exceptional bottle 
registered a period of 168 days. Nevertheless, another bottle from the same station 
was not found until 312 days after the date of liberation. A fair consistency then 
may be said to exist among the drift -periods of the northerly Scandinavian coast 
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recoveries. Hence it is highly probable that all of them reached their ultimate 
stranding -- places by way of at least the Northern Area of the North Sea . When 
the results of the experiments of August 1910 are examined it will he seen that 
this assumption relative to the May bottles is justified. Very much shorter drift - 
periods were registered by certain August bottles liberated in the Faroe- Shetland 
Channel and later found upon the Norwegian coast in the same latitudes as those 
belonging to the May experiments. 

A point of interest and of some importance in connection with Table XX is 
that from Station 18 one drifter was recovered at a point in each of the three coastal 
Sections, A, C, and E. The last one of the three to be found was that in Section C, 
which was picked up 347 days later than that found on Burö Island, near Bodo, 
Norway- Latitude 67° 14' N.- Longitude i3° 58' E. This is only one instance of 
many which occur in the present records, pointing to the futility of an examination 
of the results of such experiments on the basis,merely, of a study of the relative 
positions of liberation- stations and stranding -places without at the same time giving 
serious consideration to the magnitudes of the drift -periods. Of course, a primordial 
necessity for the successful outcome of such an analysis is that experiments be 
conducted over a wide field and repeatedly, so that the resulting records may be 
sufficiently numerous. 

The acceptance of the above assumption in regard to the routes overtaken by 
the drifters found in northerly latitudes of the Norwegian coast, taken in conjunction 
with the concentration of recoveries upon Danish and German coasts south of latitude 
56° N. at once directs attention towards the great blank between these two coastal 
sections. As has already been pointed out only three returns were made from points 
between latitudes 56° N. and 62° 5o' N. From this fact it is fair to argue that 
probably very few of the bottles set adrift during May 1910 entered the waters of the 
Skagerak. 

Mention has been made before (p. 19), in connection with five drifters liberated 
during May 1910 and recovered in the following December on the shores of Orkney 
and Shetland, of later records which indicate that the periods of drift recorded for 
these bottles were actually spent at sea. An important deduction arising from these 
same records holds the key also to the solution of the above problem concerning 
the lack of recoveries in southerly Norwegian latitudes resulting from the May 
experiments, and since, moreover, the fullest explanation of _yet another phase of 
the May records depends upon the same findings, it will be convenient to deal with 
the results of the September liberations in parenthesis at this stage. 

September Liberations. 

On the 27th of September 1910 ten surface drifters were liberated from each 
of three stations in close proximity to one another over the southern end of the 
Fladen Ground in the Northern North Sea Area. 

First of all, it may be observed that, in like case to the results of the May 
experiments, no recovery from the September operations is recorded as having 
taken place anywhere on southerly Norwegian shores, while once again returns were 
made from the Skagerak shores of Denmark and Sweden and from the higher 
latitudes of Norway. Incidentally, it is interesting to note that apparently no 
bottle set adrift in September 1910 found its way to any point on the Danish coast 
south of Hantsholm, an observation which fell to be made regarding the results of 
all liberations in the Faroe -Shetland Channel during the five years under review. 

The most important returns are obviously those three, of relatively short 
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drift -periods, which stranded in the beginning of the month of December, one on 

the eastern side of the peninsula of southern Shetland and two in Newark Bay, 
Sanday, Orkney. The first was recovered four days prior to the other two, which 
fact, on the assumption that the days upon which the drifters were recovered were 
also the days upon which they stranded, indicates that they were coursing in a 
south to south -westerly direction before being beached. 

By some means, then, the bottles cast adrift from the above three stations 
reached a point to the north of latitude 6o° N. It would be in direct opposition to 
all evidence pertaining to the direction of drift of the surface waters over the region 
of the Fladen Ground to assume that the bottles there put into the sea in September 
igro proceeded at once in a northerly direction. That they first of all drifted towards 
the British coast is almost equally unlikely in view of the order of recovery of the 
three drifters, first on the Shetland coast and then on Orkney. 

The most likely direction taken by the drifters from their respective points of 
origin was a south -easterly one for a short distance, and since the Shetland and 
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Figure 7 

Orkney recoveries were effected considerably before those on Scandinavian ,,and 
Danish coasts, it seems obvious that a deviation in their courses, eastwards and 
then northwards, occurred about latitude 57° 3o' N. Thereafter, it is more or less 
inferred here -evidence towards the assumption will appear from the analysis of the 
May results -the bottles probably passed round the eastern boundary of the 
Viking Bank and somewhere in the region of latitude 61° N. turned westwards, 
and so back again into the North Sea. 

That is to say, the results of the September experiments point to the existence, 
in the surface waters of the Northern Area of the North Sea, of a huge counter- 



25 

clock swirl or eddy within which it would appear that, amongst others, the much 
longer -period Shetland recoveries from the May experiments were held up for some 
months. 

Certain of Fulton's results (3b and e) indicate the operation during the same 
months of the years 1896 and 1903 of this great closed system of surface water 
movement in the Northern North Sea. Also, from his analysis of the 1902 data of 
temperature and salinity for the region concerned, Helland- Hansen (io) suggested 
that such an eddy might well function, and Ryder (5), as has already been mentioned 
in the Introduction to Part I of this report, postulated the phenomenon as a general 
case. 

In the records under present examination evidence is to be found in support 
of the finding that such an eddy operates practically throughout all seasons of 
apparently normal years. It is therefore proposed to call it the Great Northern 
North Sea Eddy, and as such, or simply as the Great Eddy, it will be referred to 
throughout this report. 

As becomes gradually more evident, the concept of the Great Northern North 
Sea Eddy is of valuable assistance in the investigation into the histories of many of 
the recoveries effected upon Continental, more especially Scandinavian coasts. Herein 
lies the significance of the elliptical curve on the chart, Figure 5, and also to a certain 
extent that of the non -recovery on the Danish coast south of Hantsholm of bottles 
originating in the region of the Faroe- Shetland Channel, for it is conceivable that 
the Great Eddy may in a measure determine the ultimate stranding- places of bottles 
which come under its dominant influence. 

There would appear to be two sections of the periphery of this swirl from 
which drifters tend most readily to escape its dominance, namely, in the vicinities 
of its northern and southern limits. From the former section drifters will generally 
proceed southwards into the North -Western Area of the North Sea, gradually 
drifting away from the Great Eddy. About the latitude of the eddy's southern 
limit these bottles will, as a rule, deviate eastwards and head finally in the direction 
of the Skagerak. A symmetrically similar route in relation to the Great Eddy 
boundary, diverging from the region of its southern limit, is apparently characteristic 
of a large number of bottles which come within its region of influence for a time, and 
are subsequently returned from the higher latitudes of Norway. 

As represented in Figure 7, the geographical boundaries of the Great Eddy are 
approximately latitudes 57° 30' N. and 61° io' N. on south and north, and longitudes 
o° and 3° 30' E. on west and east respectively. These approximate limits have been 
derived from experience gained throughout the analysis of all available data for the 
autumn months of the year when the system appears generally to attain maximum 
dimensions. 

The September stations, then, were situated on or near to the periphery 
of the Great Eddy. A curve, commencing at Station i and passing almost im- 
mediately into the system, thereafter running close to the periphery until it 
gradually approaches and finally crosses the same in the region of the eddy's 
northern limit, to run more or less directly towards the southern extremity of 
Shetland, may be taken to represent the course of the drifter found there after 
71 days' freedom. Such a route measures approximately 470 miles and consequently 
the average rate of drift of the bottle in question works out at just over 62 miles 
per day. Similar figures are derivable for the two Orkney returns. 

The histories of the two September drifters returned from points within the 
Skagerak on 14th February and Ist March 1911 respectively are almost certainly 
linked with the histories of other recoveries effected in the same region and about 
the same time (see Figure 5), notably with those of recoveries ensuing from 
liberations carried out in the neighbourhood of " The Gut " on 8th December 1910. 
If it be assumed that the Skagerak recoveries from the September experiments 



26 

accompanied the three Shetland- Orkney bottles on the greater part of their cruise 
round the Great Eddy, but, after escaping from the swirl, pursued a more southerly 
route approximately as indicated by the broken curve on Figure 7, the above average 
velocity figure indicates that they would attain the region of the December operations 
little more than a week after these had taken place. 

With regard to the remainder of the recoveries which resulted from the 
liberations of the month of September 1910, these were effected on the Norwegian 
coast north of latitude 63° N. towards the end of March and the beginning of April 
1911, and one isolated instance in the following September. It is not possible to 
say definitely whether the four bottles in question cruised into the Skagerak before 
being carried northwards along the Norwegian coast. If, however, the possibility 
of their having lain upon the beach is neglected, the fact is that, in respect of two 
of these returns -the 174 and 185 day bottles -courses can be postulated (leaving 
the Great Eddy about its southern limit and passing immediately northwards) 
which are in conformity, as regards time spent in the Great Eddy and the speed 
of drift over the entire route, with the foregoing returns from Shetland, Orkney, 
and the Skagerak. 

May Liberations -(continued). 

Attention has already been directed to two of the three recoveries which resulted 
from the despatch of ten drifters on the iith of May 1910 from Station i of that 
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month. Arising from later liberations carried out over the same region, not only 
during the same month (Stations 49 -52), but throughout the month of June 
following, a number of recoveries took place on the British east coast between the 
Forth estuary and Flamborough Head, about the same time -the middle of July - 
as the two instances above- mentioned. 

The drift -period of 68 days recorded for each of the two English coast 
recoveries effected south of latitude 54° N. is overlong,in conjunction with other 
factors,for the postulation of a direct route for these drifters. The bulk of evidence 
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derived from similar experiments (i.e. from drift- bottle records) undoubtedly suggests 
that the average velocity of the southerly drift over the region in question is in 
general greater than 3 2 miles per day. Moreover, were the assumption to be accepted 
of an almost straight -line course between the starting -point and the stranding -places 
of these two drifters, the question arises as to the cause of another bottle from the 
same station having been found, after only 14 days, so far off the line of such a 
direct route as the estuary of the River Tay. 

Briefly, the explanation lies in the operation at this time in the surface waters 
off the mid -east Scottish coast of another swirl or eddy, hereafter called the-Mid -East 
Scottish Coast Eddy. This clockwise circulatory system, as was pointed out in the 
Introduction to Part I, p. 6, was tentatively suggested by the work of Brown (6) 
on the bottom drift -currents of the Northern North Sea and later by Bowman (7). 
Also,Böhnecke (r) includes in his well known charts a surface water eddy functioning 
approximately over the area in question. 

Normally, it appears that the area of dominant influence of the Mid -East Scottish 
Coast Eddy is as defined by the broken elliptical curve in Figure 8, but the results 
of the experiments commenced in this same region during the month of June 1910 
clearly indicate that its dimensions for the period under review were greater. 

On the basis of the June experiments, it is highly probable that the drifter 
from the Station Maylol, found at the mouth of the River Tay, traversed a route 
approximately as represented by the appropriate curve on the chart, Figure 8. Such 
a route of nearly 175 miles would be accomplished in the 14 days at an average 
rate of 122 miles per day. 

Originating at Station 49 a drifter was found after 13 days on Buddon Ness, 
Forfarshire. The course postulated for this bottle, concentric with that of the 
short-period Station 1 recovery, measures to scale about 165 miles, thus furnishing 
an average velocity figure of 12.7 miles per day. 

It is obvious that in respect of the remainder of the recoveries effected on the 
British coast north of latitude 56° N from the Stations 1, 49, 50, and 51, courses 
can be postulated which are variants of those above considered in detail, the longer - 
period bottles to the coasts of the northern English counties clearly showing that 
the Mid -East Scottish Coast Eddy dominated them until practically the end of the 
month of June. 

The recoveries which resulted from the operations at Station 52 are unique as 
regards drift -periods amongst those from the other four stations at present under 
examination. Tidal influence, no doubt, was the main cause of three bottles from 
this point being washed up on the Haddington coast within eight days of their 
despatch. 

The first of the more northerly May stations from which recoveries are recorded 
is Station 3. Three drifters of the ten liberated at this point were returned from the 
region of the west Danish and Schleswig -Holstein coasts south of latitude 56° N. 
more than a year after the date of despatch. 

Of the series of bottles set adrift at Station 4, two were ultimately recovered, 
one after 83 days at Forvie on the east coast of Aberdeenshire and the other at sea, 
36 miles S. by E. of Bressay Light, Shetland, after only 28 days. The former 
drift -period, together with the locus of recovery, suggests the Great Eddy, but the 
latter is obviously anomalous to the huge gyration. 

The position of Station 4 was presumably at or near to the periphery of the 
Great Eddy* if the complex was actually functioning during May 1910. Other 

* See remarks on the accuracy of Station positions, Introduction, p. 6. 
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results from the same month's experiments indicate that it was so, although its 
superficial area was probably less during May than in the following September 
(see p. 25). It is conceivable, however, that under certain circumstances bottles 
liberated from the position of Station 4 might quickly escape the dominant influence 
of the swirl. During the week following upon the liberations in question, strong 
and persistent north -easterly winds blew over the entire area of the Northern North 
Sea.* It is highly probable, therefore, that the drifters set afloat at Station 4 set off 
in a south -westerly direction, gradually deviating westwards towards and into 
the Moray Firth as represented in Figure 9 (a). The entire route there laid down 
for the 28 -day sea- recovery measures to scale some 355 miles, from which it is 
deduced that the bottle must have travelled at a mean rate of 12.7 miles per day, 
a figure, as has before been pointed out, in close agreement with that deduced from 
contemporaneous results of liberations in the Moray Firth during the previous month 
of April. 

Regarding the longer -period bottle from Station 4 found on the Aberdeenshire 
coast, all that can be surmised at present is that it was held up within the Moray 
Firth Eddy until towards the end of July 191o, when presumably the drift westwards 
into the Moray Firth ceased to operate. 

The results, a single recovery from each series, pertaining to Stations 5 and 6 
clearly demonstrate the influence of the Great Eddy, particularly the return from 
Cunningsburgh, Shetland, in December 191o, of a drifter which originated at the 
latter point. The connection between this and the recoveries from the September 
experiments has already been discussed. 

The sole recovery from the Station 9 series of drifters, namely, that effected in 
the following November on Holy Island off the Northumberland coast, suggests 
that the bottle in question escaped from the Great Eddy soon after the date of 
liberation, and was held up in the system of surface water movement within 
and to the north and east of the Moray Firth. At the same time it must also 
be recognised of the time which elapsed between the dates 
of despatch and recovery of this particular drifter may have been spent, in like 
case to other drifters of contemporary origin, within the Great Northern North 
Sea Eddy. 

From Station Io a relatively short-period recovery was effected near Lerwick, 
Shetland, after 76 days. It is estimated that this bottle also travelled southwards 
from the point of liberation and into the Moray Firth following a route approximately 
as represented on Figure 9 (a). Exclusive of probable circuits of the Moray Firth 
Eddy the distance thus traversed would be about 410 miles. At an average speed 
of 12.7 miles per day, 32 days would be occupied in overtaking this course, leaving 
44 days to be accounted for. 

Two of the Station 11 series of bottles were ultimately returned, the more 
important recovery in consequence of its shorter drift -period being that found after 
40 days in the vicinity of Fair Isle. Assuming a route such as represented in 
Figure 9 (a) (passing round the southern boundary of the Moray Firth Eddy), 27 of 
the 40 days would be taken up in covering the resulting 35o miles at a mean 
daily progress of 12.7 miles. In this case, therefore, 13 days remain to be 
explained. 

From the analysis of the results of the April 1910 experiments in the Moray 
Firth region it was indicated that seven days was a probable Period of Circuit of 
the Moray Firth Eddy during this season. The above residual periods of 44 and 13 
days obviously bear out this deduction. 

The 103 -day bottle from Station 11 found in the Orkneys apparently experienced 
much longer delay in the Moray Firth. Otherwise it must have lain a considerable 

* See the Daily Weather Reports of the British Meteorological Office. 
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time on shore, which is more than probable in this instance, the stranding -place 
being little more than a huge rock standing out of the water. 

The next group of stations to be operated during May 1910 were those shown 
in Figure 9 (h), namely, Stations 13 to 27. The cruise embracing these fifteen points 
occupied four days, from the 18th to the 21st inclusive. 

The majority of the recoveries from these operations took place on the Shetland 
Islands between the 16th of July and the 3oth of August of the same year. 

Before entering upon the detailed analysis of the data a subsidiary deduction 
arising from the results pertaining to Stations 24 and 25 may be introduced with 
advantage at this point. From Station 24 the sole recovery was that effected on 
the west Swedish coast after 291 days, thus indicating the influence upon the drifter 
of the Great Eddy. Further, as will be seen in the following, Station 24 must have 
been situated southwards of the tracks of drifters from Stations 20 and 23 to the 
Shetlands, since these bottles cannot be assumed to have entered the Eddy proper. 
Again, the results from Station 25 lead to the deduction that this point of origin 
lay practically on the periphery of the Great Eddy, the shorter- period Orkney Island 
recovery from the station in question having deviated away from the Eddy on its 
southward passage, while the longer -period return from the same point belongs to 
the December group Of Table XVIII. From these facts it may be concluded that 
the northern limit of the Great Eddy as it existed during at least the month of May 
1910 lay some ten miles north of the 61st parallel, on or about longitude 2° E. This 
deduction makes all the more remarkable the recovery on the shores of Shetland 
during the summer of 1910 of bottles put into the sea so far north and east as 
Stations 20 and 23. 

The particular analysis of the Shetland and Orkney returns from the present 
small group of experiments were most conveniently set out in answer to the following 
question. On the basis of the above -deduced figure of 12.7 miles per day, denoting 
the mean rate of progress of the drifters, and of the existence throughout the period 
concerned of the Great Eddy and the Moray Firth Eddy, can courses be traced in 
respect of the recoveries now under examination, which are consistent one with 
another and with those of contemporary results (Figure 9 (a)) and which account for 
the entire times recorded as drift -periods ? 

The following table in conjunction with the chart, Figure 9 (b), supplies the 
answer to this query. 

TABLE XXI 

Recovery. 

(a) 

Course in Miles, 
Exclusive of Eddy 

Circuits. 
(b) 

Times in Days to 
Cover (b) at 12.7 
Miles per Day. 

(c) 

Residual Periods. 
(Days.) 
(a) -(c) 

5913 575 45 14 
7213 550 43 29 
7813 550 43 35 
8113 560 44 37 

.1-12713 463 37 90 
901, 600 47 43 

1031, 600 47 56 
6718 450 35 32 
9020 540 43 47 
9223 550 43 49 
8825 345 27 61 

Recovered on Dunnet Head, Caithness -shire, mainland of Scotland. 



l 

The residual periods tabulated in the last column of Table XXI and denoting 
the times presumably spent within the Moray Firth Eddy, are remarkably consistent 
in that they are very nearly, and in some cases exactly, simple multiples of seven 
days, which factor may therefore be accepted now as representing the Period of 
Circuit of the Moray Firth Eddy at the time of these 1910 experiments. 

The recovery effected on Dunnet Head, Caithness -shire, although consistent 
with the others comprising the above table, falls outwith those others in point of 
actual time of recovery, being in fact the isolated September entry in Table XVIII. 

The fact implied in Figure 9 (b), to the effect that, so far as the North Sea proper 
was concerned, the channels between the mainland of Scotland and Shetland were 
closed for a short time to at least the superficial influx of water from the Faroe - 
Shetland Channel region, calls for further investigation, as also the peculiar set of 
the surface drift to the north of the Viking Bank. These points will be further 
considered when the results of the remainder of the month's experiments have been 
examined. 

In the recovery near Aberdeen on 16th August 1910 of a drifter which was set 
afloat from the May Station 26, we have an instance similar to one depicted on the 
previous chart (Figure 9 (a)), and in respect of this second case the observations to 
be made are the same as formerly. 

A glance at Figure 9 (b) is sufficient to substantiate the deduction already made 
(p. 23) in regard to the probable routes pursued by drifters returned from northerly 
Norwegian latitudes, except perhaps in the case of the single recovery from the 
Station 22 series of bottles. In view of the proximity to the Norwegian coastal 
current of the liberation- station in question, it cannot definitely be concluded on the 
evidence available that bottles set adrift thereat were " carried back," as it were, 
into the Northern North Sea complex of surface waters. 

On the chart, Figure 9 (c), the most important results pertaining to the May 
Stations, 28 -43, are set out diagrammatically. Except where otherwise stated, the 
curves represent the courses of the shortest -period returns from the various groups 
of drifters despatched at these points. 

Continuing this analysis on the basis of an average rate drift of 12.7 miles per 
day, it can readily be ascertained by measurement that for certain of the returns 
from the Stations 28, 29, and 3o series of operations, courses embracing the Moray 
Firth are out of the question. The 24 -day recovery at Hoganess, on the Island of 
Yell, Shetland, presumably coursed approximately as demonstrated in Figure 9 (c) by 
the curve commencing at Station 28, thus covering some 305 miles at the above 
daily rate of progress. The second return, belonging to the same group of bottles, 
may either have attained a more northerly point near the beginning of its course, 
or proceeded farther south than about latitude 59° N. before deviating westward 
and finally northwards, if the recorded drift -period is in fact a true one. 

Similar observations fall to be made in respect of the two shortest -period 
recoveries from the Station 29 group of drifters, the shorter curve commencing at 
Station 29 and terminating at the Shetland Skerries, measuring to scale approximately 
365 miles, which in 29 days would be accomplished at a mean rate of 12.6 miles 
per day. With regard to the third recovery, however, embracing the much longer 
period of 95 days, it is highly probable that the bottle in question reached the 
Moray Firth on its southward passage into the North Sea. For such a route as is 
represented for this bottle on the chart, 45 days would be occupied in covering a 
lineal distance of 570 miles, which is the proper dimension of the curve, exclusive 
of complications denoting circuits of the Moray Firth Eddy. Thus, 5o days were 
presumably spent within this complex and once again the figure is obviously related 
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to the accepted Period of Circuit of the small swirl in the Moray Firth at the time of 
these experiments. The longest -period recovery of the Station 20 series belongs 
to the secondary group of Table XVIII, the drifter having doubtless become involved 
in the Great Eddy until towards the end of the year. 

Starting from Station 3o two bottles ultimately beached on the Shetland 
Islands, one on the north coast of Yell, and the other on the Island of Whalsay. 
The former bottle, as can be ascertained from Figure 9 (c), is estimated to llave taken 
what might be called the " inner route " to the Shetlands after passing into the 
North Sea. At a mean speed of 12.7 miles per day such a course of about 435 miles 
would occupy the full 34 days recorded as the period of drift of the bottle in question. 
The drift -period of the second recovery is obviously overlong to postulate a similar 
course for this drifter and measurement proves that 48 days would be required to 
cover a route embracing the inner reaches of the Moray Firth. So that, if the 
recorded drift -period of 44 days is a true one a course intermediate between these 
two must have been followed. 

Recoveries from Stations 31 -34 indicate that the drifters liberated from these 
points, without exception, cruised into the North Sea by way of the Great Eddy. 
The evidence in support of this inference arises from the afore -mentioned consistency 
in the drift -periods of all northerly Norwegian coast recoveries resulting from the 
experiments begun during May 191o, coupled with the facts that one drifter from 
Station 34 was recovered in the Orkney Islands on 12th December 1910 and another 
from Station 31 stranded on the north -west Jutland coast towards the end of 
January 1911. 

The sole recovery from Station 35, namely, on one of the Orkney Islands, is 
represented as having made a circuit of the Faroe Islands before heading south- 
eastwards and eastwards towards the area to the north of the Shetlands and finally 
into the North- Western Area of the North Sea. The reason for this is to be found in 
the results from the next two stations, from the first of which two bottles were picked 
up on the east side of the Island of Suderö after six days. From the second point, 
namely, Station 37, one drifter was recovered at sea to the west of the Faroe group, 
after 27 days. It may reasonably be postulated that in these 27 days the drifter 
completely circled the Faroe Islands. Thus it would appear that, at this period at 
any rate, these Islands were enclosed in a swirl of surface waters. 

Station 38 was situated so far south of Faroe, and beyond the edge of the 
neighbouring shelf, that it is not so likely that the two drifters ultimately returned 
from Norway set off from the point of despatch in a northerly direction and became 
involved in the eddy encircling the island group. 

The shortest -period return from the series of bottles despatched at Station 39 
was that found on the Island of Papa Stour off the west Shetland coast, after 61 days. 
Postulating a route eastwards for a short distance from the starting -point and then 
north- eastwards and into the North Sea by way of the area to the north of the 
Shetlands, thereafter penetrating the Moray Firth as in previous instances, and 
passing finally northwards to the stranding -place, this particular drifter must llave 
covered approximately 690 miles, exclusive of circuits of the Moray Firth Eddy. 
At a mean rate of 12.7 miles per day 54 days would thus be occupied, the remaining 
seven days being doubtless taken up in coursing once round the said swirl. In all 
probability the 92 -day east Shetland recovery from- the same series, traversed a 
similar route, spending, it is estimated, some 37 days in the Moray Firth swirl. 

Three drifters from Station 40 stranded on the Norwegian coast north of latitude 
64° N. and one from the same point of origin was returned from the west Swedish 
coast, all after periods of drifting ranging from 262 to 316 days. It is to he observed 
that the drifter recovered on the Swedish coast was not the first of the four bottles 
to be picked up, thus ruling out the possible suggestion that the later courses of the 
Norwegian recoveries were necessarily continuations of that of the bottle returned 
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from the Swedish coast. The apparent anomaly in the sequence of recovery of 
these bottles, as well as the broad locality of their stranding- places, is to be explained 
on the assumption that escape from the dominant influence of the Great Eddy 
was accomplished at different sections of the eddy's periphery. 

Results pertaining to Station 41 are somewhat conflicting amongst themselves, 
and those from the three Stations 41, 42, and 43 do not fall into line, so to speak, 
with those from former stations of the same month. 

Two drifters from Station 41 stranded on the Island of Sanday, Orkney, after 
only 24 and 37 days respectively, the latter, it is to be observed, on the north side 
of the Island. These drift -periods are too short to warrant the assumption of a 
passage round .the north of the Shetland Islands, in conformity, as regards the 
average daily speed of drift, with the numerous instances already discussed. On 
the other hand, as revealed by the data on the chart, Figure 9 (c), at least two 
drifters from the same starting -point undoubtedly reached the Moray Firth. Apart 
from the evidence afforded by the magnitudes of the drift -periods of these two 
recoveries, the probability of their having passed into the North Sea by way of the 
north of the Shetland Islands is further substantiated by the last return from the 
same series of liberations, namely, that found on 1st December 1910 in Newark Bay, 
Deerness, Orkney. This again is one of the instances belonging to the secondary 
group of Table XVIII, and the bottle in question almost certainly attained its strand- 
ing -place after issuing from the northern periphery of the Great Eddy, within which 
and along with many others it no doubt spent the intervening months of 1910. 

Thus we have drifters from the same point of origin apparently pursuing widely 
divergent courses soon after their despatch. Without further explanation this position 
is untenable in view of the axiom underlying the whole of this analysis (Introduction, 
p. 4) regarding the divergence from one another of bottles set adrift simultaneously 
from one and the same point. Fortunately, the statistical analysis of the entire 
data referring to the region immediately concerned throws light upon the situation. 
It may be recalled that in regard to the-north-eastern corner of the Regional Area B 
(Figure 1, Part I) an important deduction arose from a comparative examination of 
the districts of recovery of drifters liberated therein, to the effect that in the 
neighbourhood of latitude 59° 3o' N. in the area between the Shetland and Orkney 
Islands, " there might take place a division in a more or less easterly flowing surface 
current, part flowing northwards along the western shores of Shetland and part 
deviating southwards into the North Sea between Fair Isle and the Orkneys." 
It is highly probable that some such system was in operation during at least the 
latter part of May and the earlier days of June 191o. 

In view, however, of the northerly flowing 'stream off the eastern shores of 
Orkney, carrying drifters to the Shetland Islands at the same time as the above-. 
mentioned recoveries were effected on the Orkneys, it is obvious that the surface 
water moving southwards between Fair Isle and the latter group must have been 
restricted to the immediate neighbourhood of Orkney, and cannot have entered the 
North Sea proper. The recovery of one of the Station 43 bottles on the west coast 
of the mainland of Orkney further enhances this deduction. In short, the results 
from the three stations enumerated above strongly suggest that, at the period 
under present examination, the Orkney Islands were enclosed in a gyratory system 
of surface waters similar to that already deduced in respect of the Faroe group. 
The great differences between the magnitudes of the drift- periods of the earlier 
Orkney recoveries from these three stations cannot otherwise be satisfactorily 
explained. 

The shortest -period return from the experiments commenced at Stations 41 -43 
is that belonging to the Station 42 series, found after 13 days in Taracliffe Bay, 
on the east coast of the mainland of Orkney. For such a course as represented by 
the curve in Figure 9 (c), measuring to scale some 90 miles, an average speed of 
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drift of only seven miles per day is deduced in respect of this particular bottle. 
From this figure it is evident that the longer- period Orkney returns from the 
operations presently under review, namely, those found after : (a) 24 and J7 days 
from Station 41 ; (b) 36 and 43 days from Station 42 ; and (c) 25 and 42 days from 
Station 43, most likely coursed one or more times completely round the entire, or 
even part of the island group before finally stranding on the beaches. 

Passing to the two western shore Moray Firth recoveries which resulted from 
the liberations at Station 41, the courses postulated for these two bottles measure 
535 and 585 miles respectively, neglecting meantime possible circuits of the Moray 
Firth Eddy. These distances would be covered in 42 and 46 days at an average 
daily rate of progress of 12.7 miles. Thus, according to our assumptions, 18 and 21 
days were spent in the performance of three circuits of the Moray Firth Swirl. 

A unique recovery amongst the above records is that which took place at 
Eyemouth on the Berwickshire coast of Scotland 51 days after the date of its 
liberation at Station 43. It is perhaps significant in relation to the accuracy of the 
foregoing analysis of the May 1910 records, particularly as regards the figure deduced 
and employed to define the average daily speed of the surface water drift that, over 
the course of approximately 6io miles represented on the chart, Figure 9 (c) for this 
singular bottle, an average speed of about 12 miles per day must have been attained 
if the full 51 days were spent at sea. 

Of the twenty bottles recovered as the result of the liberations carried out at 
Stations May1044 -48, one was picked up at sea only a few miles from the corre- 
sponding point of origin, one on the eastern shores of Orkney, another at Fraserburgh 
on the Aberdeenshire coast, two on the north- eastern English coast and the remainder 
on Danish and Schleswig- Holstein shores south of latitude 56° N. 

That the last- mentioned drifters, after escaping from the complications within 
the Moray Firth and in the waters east of Orkney and Shetland, travelled considerable 
distances southwards off the British east coast and probably became involved in, 
or passed to the south of Biihnecke's South -West Dogger Bank Swirl, is evidenced 
by the two English coast recoveries from the Station 47 series effected on 3oth October 
and 3rd November 1910 respectively. 

The only returns which need be considered in detail are those two which were 
found : (a) on Burray Island, Orkney, after 27 days' freedom, from Station 44 
and (b) at sea, 24 days after having been released from Station 45. These results 
support the above deductions relative to the surface water circulation in the North - 
Western Area of the North Sea during the period embraced by the Shetland and 
Orkney recoveries from the May experiments. For the two drifters in question the 
courses postulated on the chart, Figure 9 (d) represent 340 and 305 miles respectively, 
entailing average velocities of 12.6 and 12.7 miles per day. 

The above treatment of the results derived from the comprehensive drift -bottle 
experiments inaugurated during the month of May 1910 presents some striking and 
apparently anomalous features relative to the trend of the surface water in the 
areas of the Northern North Sea and the Southern Norwegian Sea. The remarkable 
fact has already been commented upon, of the widespread regions from which drifters 
ultimately reached the shores of Orkney and Shetland -the majority of them by way 
of the Moray Firth-during a few weeks in the summer season of the year under 
review. It has been demonstrated, moreover, that these strandings were by no 
means fortuitous, but arose from a temporarily established movement of the surface 
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water's in the North- Western Area of the North Sea. Certain aspects of this movement 
are capable of further measurement. 

No fewer than twenty -five bottles apparently drifted into the Moray Firth 
from the North Sea proper, the westward deviation evidently taking place about the 
latitude of 58° N. and between longitudes 1° and 2° W. On the basis of the 
assumption that all the bottles travelled at a uniform rate of 12.7 miles per day, 
the various times of crossing the 58th parallel may be shown to have fallen 
between the dates 21st May and 3rd July. Now, resulting also from the May 
experiments, three bottles were picked up on the Aberdeenshire coast, after the 
24th of July. The argument arising from these circumstances is that the surface water 
drift westwards into the Moray Firth ceased some time between the 3rd and 24th 
days of July 1910. 

The subsequent progress, in relation to certain fixed positions, of the above 
twenty -five drifters may be estimated in similar fashion, calculating back from the 
date and point of recovery of each bottle and tabulating all results. The following 
is the summation of such a table :- 

TABLE XXII 

Number of Drifters. Point on Course. Inclusive Dates. 

25 Crossed Latitude 58° N. 21st May -3rd July. 
19 Crossed Latitude of Wick 31st May -20th August. 
16 Crossed Latitude of Fair Isle 7th June -27th August. 
12 Crossed Latitude of Sum- 

burgh Head 
13th July -29th August. 

It will be observed that a considerable time apparently elapsed between the 
passing of Fair Isle by the first drifter and the first bottle to pass Sumburgh Head 
on the 13th of July, the reason being that the former bottle was picked up from the 
sea in the vicinity of Fair Isle on the 9th of June. The first bottle to pass the three 
positions-Wick, Fair Isle, and Sumburgh Head -did so, according to the above 
measurements, on or about the following dates :- 

Wick -4th July ; Fair Isle -11th July ; Sumburgh Head -13th July. 

But there have not been taken into account in Table XXII the six instances from 
the May experiments where the bottles turned from their southward courses on 
or about latitude 59° N., drifted westwards, and finally northwards to Shetland, 
passing Fair Isle on the way. It is estimated that on the final stages of their courses 
these drifters crossed the latitude of Fair Isle between the r2th and the 21st of 
June 1910, and that of Sumburgh Head some two days correspondingly later. In 
this connection, also, another and new characteristic of the surface waters in the 
region of Fair Isle is brought out by certain of the experimental results so far con- 
sidered, namely, that during at least the first half of the month of June there must 
have been in operation a small eddy of surface waters over the region covered by 
the rectangular area, C17 of the chart, Figure 1 (Part I). The results which point 
to this conclusion are : (i) the two sea recoveries from the April 1910 liberations in 
the Moray Firth (Figure 4), together with the sea recovery from the Station Maylo4 
series (Figure 9 (a)) ; (ii) the shorter -period Shetland recoveries from Stations 
Maylo28, 29, and 30 (Figure 9 (c)) ; and (iii) the two returns belonging to Stations 
Maylo44 and 45 which are examined in detail in Figure 9 (d) . 
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Thus it appears that from about the 12th of June until towards the end of 
August 1910 the Channel between Fair Isle and Sumburgh Head was closed, 
superficially at least, to the influx of Atlantic water into the North Sea and further, 
for at least a decade prior to 1st of June and throughout the above months, apparently 
no water from the region of the Faroe -Shetland Channel passed, on the surface, 
eastwards into the North Sea across a line joining Wick and Fair Isle. 

This important deduction from the results of drift -bottle experiments is not 
quite in accordance with the general scheme of things deduced by Robertson (i i) in 
the area concerned, from his examination of data of temperature and salinity for 
each of the several years and seasons between 1903 and 191o. Helland- Hansen (Io), 
however, from similar material, found that during the month of August 1902 Atlantic 
water " lay close to the northern part of the Scottish coast ; it penetrated the 
Pentland Firth and the Sounds of the Orkneys, but did not, to any significant 
extent, pass through the opening between the Orkneys and Shetlands " Further, 
the same investigator found that in the autumn of the same year the supply of salt 
Atlantic water to the Northern North Sea had increased, and " from the distribution 
of salinities it is evident that this influx of Atlantic water took place southwards from 
the Norwegian Sea, and not to any important extent between Shetland and the Orkneys 
from the Faroe- Shetland Channel." The above analysis of drift -bottle results clearly 
supports this view as applied also to the summer of 191o. 

Further investigation of the results of drift- bottle experiments may throw more 
light upon this question of prime importance in relation to, in the first instance, 
the surface current system of the Northern North Sea, namely, the principal channel 
or channels by which, during the various seasons, water of Atlantic origin effects 
entry into the sea between Scotland and Norway. 

In another particular, but one allied to the above, the foregoing interpretation 
of drift -bottle results does not harmonise with certain deductions based upon 
observational data of temperature and salinity for the same period of the year under 
review. Between the positions -Latitude 61° 34' N. Longitude 2° 04' E. and 
Latitude 61° 35' N. Longitude o° 47' E., Robertson (lie) deduced a northward 
movement of surface water in May 191o. The reverse has been diagrammatically 
represented in Figure 9 (b), and it must be pointed out that, not only is a southward 
movement to be expected within the area in question as an effect of the rotation 
of the earth, but, according to Ekman's theory,* the configuration of the ocean bed 
is undoubtedly a predisposing cause of a pronounced swerve to the right of at least 
the surface drift -stream in passing from the deep waters of the Southern Norwegian 
Sea to those over the North Sea Continental Shelf. The movement is analogous to 
that found by Helland- Hansen and Nansen¡ in the area of the North- Eastern Atlantic 
Ocean north of the Azores. 

In concluding the examination of the results pertaining to the month of May 
1910, it may be remarked that the vector of 121 miles per day, which has been 
found to denote the mean rate of flow of the main surface drift -stream from the 
Faroe- Shetland Channel to the Southern Norwegian Sea, thence to the North- Western 
Area of the North Sea, is a high one in comparison with former estimates based 
upon similar material. Nevertheless, the following deduction made by Robertson 
from hydrodynamical calculations argues in favour of this high velocity. " Thus 
the surface velocity of the Atlantic Stream to the immediate north of Shetland was 
then (May 1910) about 13 nautical miles in twenty -four hours." 

* Ekman, V. W., " Ueber Horizontalzirkulation bei winderzeugten Meeresströmungen," 
Arch. f. Mat. Astr. Fysk., XVII, 26, Stockholm, 1923. 

t Helland- Hansen, B., and Nansen F., " The Eastern North Atlantic," Geofysiske Publik., 
V, 2. Oslo, 1926. 
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June Liberations 

Liberation operations in the month of June 1910 were carried out on the days 
between the 15th and 22nd inclusive from nineteen stations in the Middle Area of 
the North Sea, between the mid -east Scottish coast and the region of the Great 
Fisher Bank. In all, 182 bottles were despatched and of these, 27 were returned 
from points on the British east coast south of Fife Ness, six from the west Danish 
coast south of Hantsholm, eight from within the Skagerak, two from the Norwegian 
coast between Lindesnaes and Bergen, five from points on the same coast north 
of latitude 62° 5o' N., and three bottles were picked up at sea. 

Examination of the records, or of Figure io, shows that the results from 
Stations 1 -3 and 17 -19 form a group by themselves. Only one drifter out of the 
31 recovered from these six stations was returned from Continental shores, and 
from none of the remaining 13 stations did any drifter ultimately reach the British 
coast. 

Belonging to the Station 2 group of bottles, one drifter was picked up by a 
trawler on the south -western end of the Dogger Bank towards the end of the month 
of October of the year under review. This recovery may be taken as affording an 
indication of the approximate position during the autumn of 1910 of B6hnecke's 
South -West Dogger Bank Swirl, the northern and southern limits of which may 
have been defined respectively by the fifty -fifth and fifty -fourth parallels of latitude. 

The above -mentioned twenty -seven drifters which stranded upon the east 
British coast were picked up, with one exception, between the 26th of June and the 
28th of July, eighteen of them being discovered between the 15th and 18th days of the 
latter month and only two prior to the 3oth of June. These dates are significant 
in view of the foregoing analysis of the May 1910 results as will be shown in the 
following. 

Mention has already been made, in connection with the results from the May 
Stations 1, 49-52, of the extended area of dominant influence of the Mid -East Scottish 
Coast Eddy at the period of the present experiments. Under circumstances which, 
over the long period investigated, may be considered as fairly normal, it is quite 
to be expected that drifters set away from the position of Stations Juneior -3, will 
come under the influence of the above swirl of waters, but not so those set away 
from the position of the June Station 17. Yet a comparison of the results pertaining 
to this station with those from the two following, particularly with reference to 
drift- periods, clearly indicates that the drifters from Station 17 underwent deviations 
in their courses very similar to those sustained by the drifters put overboard at 
Station 18 and by a number of those from Station 19. 

It is suggested, therefore, that during the month of June 1g10 the region of 
influence of the Mid -East Scottish Coast Eddy was extended considerably seawards. 
Evidence in support of this inference is contained in the deductions arising from 
the results of the previous month's experiments. 

Due north of the region under examination, it has been found that during the 
month of June the southward flowing drift -stream of surface waters was in great 
bulk being turned westwards into the Moray Firth. Consequently, the normal 
resistance to a tendency towards expansion on the part of the Mid -East Scottish 
Coast Eddy would be greatly diminished. It has also been deduced that the deflection 
westwards into the Moray Firth ceased about the end of June or the beginning of 
July, after which the influence tending to throw bottles up on the east British coast 
would obviously again become operative. The circulatory system of surface waters 
which had, during the month of June, extended its influence eastwards would 
experience increasing resistance to its expansion and the waters ultimately would 
be forced back towards the coast. This hypothesis is borne out by certain of the 
above- mentioned experimental results, namely, that of twenty -seven drifters 
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recovered upon the east British coast from the June liberation stations off Aberdeen 
and off the Firth of Forth only two were recovered prior to the 3oth of June, five 
between this date and the 8th of July and no fewer than eighteen between the 15th 
and r8th days of the latter month. 

These results are now considered in more detail along with the others from the 
same points of origin, namely, Stations r -3, 17 -19. 

The recovery, after only io days,at a point in the sea some five miles south -east 
of Girdleness Lighthouse, Aberdeen, of a drifter from Station r, furnishes a good 
starting -point for this analysis. It may reasonably be inferred that the bottle 
pursued a course approximately as represented in Figure ro. In io days this route 
of 125 miles would be accomplished at an average rate of some 12', miles per day, 
a figure consistent with that deduced formerly in respect of the almost contemporary 
surface water drift in more northerly regions. 

Now suppose that, in continuation of the above course, the two drifters set 
away from the same point and found after 33 days near North Berwick on the 
Haddingtonshire coast of south -eastern Scotland, traversed a route such as indicated 
in Figure io. The entire route from Station I would thus he one of 290 miles, which, 
at an average daily rate of progress of .I21 miles would occupy 23 days, leaving 
to be accounted for ro of the total 33 days denoting the drift -period of each bottle. 
The relationship between this residual period and the drift -period of the above - 
discussed sea recovery is obvious, the stranded bottles having doubtless completed 
another circuit of the Mid -East Scottish Coast Eddy in the residual ten days before 
escaping to more open waters. 

In order to avoid cumbersome detail in the elaboration of an analysis similar 
to much that has already appeared in this report, it will be sufficient perhaps to state 
that the same residual period of io days is deduced in respect of the first four of 
the five recoveries resulting from each of the two batches of liberations effected 
respectively at Stations 2 and 3, on the basis of a mean velocity figure of 121 miles 
per day and post -eddy courses similar to and more or less concentric with that laid 
down in Figure io for the Station I recoveries. This period of io days, then, may 
he taken as defining the Period of Circuit of the Mid -East Scottish Coast Eddy during 
the month of June 191o. 

The same practice applied to the returns recorded against Stations 17 and 18 
establishes the conclusion that the drifters despatched therefrom and later thrown 
up on the east British coast did not complete a circuit of the Mid -East Scottish 
Coast Eddy as defined by the broken elliptical curve on Figure ro, but were influenced 
thereby in so far as they presumably passed northwards along this part of the Scottish 
coast before drifting seawards and latterly southwards towards the coast of Yorkshire 
principally. The eastmost curve shown on the chart represents the final stage of 
1 he route postulated for the Station 18 bottle found after 24 days near Whitby, 
Yorkshire. The appropriate curves for the remainder of the recoveries under present 
scrutiny would be intermediate between this and the curve for the Station I bottles, 
but to obviate confusion on the small scale diagram these are not entered. 

Of the six drifters recovered from the series of eleven set afloat at Station 19, 
obviously three did not perform a circuit of the Mid -East Scottish Coast Eddy, 
their drift -periods of four and eight days precluding such an assumption. This is 
to be accounted for in all likelihood by the peculiar position of the liberation- station. 
Station 19 was probably situated on the line of division of the surface drift- stream 
approaching Fife Ness from the south -east, which stream, doubtless on account of 
the said promontory, generally divides into two branches, one turning into the Firth 
of Forth estuary and the other proceeding northwards across the entrance to the 
Firth of Tay. 

Iii view of the intervening recovery on the south -west end of the Dogger Bank 
of one of the Station 2 bottles, it is almost certain that the drifter from Station I 
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returned from Nordstrand Island at the beginning of the following month of March 
reached its destination by way of the South -West Dogger Bank Swirl. Similarly, 
the broad locality of the two recoveries belonging to the Station 4 group suggests that 
the bottles in question set out from the point of liberation in the direction of this 
same complex and became involved therein for some time. But, in this case, an 
estimate of the time presumably occupied in circuiting the South -West Dogger Bank 
Swirl may not be made with the same degree of confidence as in the cases of the 
North -East Dogger Bank Swirl, the Moray Firth Eddy and the Mid -East Scottish 
Coast Eddy, in view of the fact that another similar system situated in the waters 
off the adjacent coasts of Germany and Schleswig -Holstein may have influenced 
the routes, and consequently the drift -periods of the recoveries in question. It is 
more than likely that this German Bay Swirl was in operation during the period 
embraced by the two Schleswig -Holstein coast recoveries from Station 4, namely, 
the latter half of the month of February 1911, when strong westerly winds prevailed 
over the region in question. Such winds, according to Böhnecke (i), are particularly 
favourable to the formation and functioning of the said system. 

The next result which throws any light upon the probable courses of the bottles 
set adrift from the remaining stations visited during the month of June is that one 
from Station 7 picked up at sea some 15o miles distant from its starting -point 
after 95 days, that is, on the 19th of September 191o. 

It will be recalled that in the analysis of the results accruing from the liberations 
carried out over the region of the Great Fisher Bank during the month of April 191o, 
certain deductions were made concerning the influence upon the drifters of the 
North -East Dogger Bank Eddy, during the months between May and September of 
the same year. No such short-period returns from the shores of the Skagerak 
resulted from the June liberations in the same locality as from those of April. 
Consequently, if in the case of the later operations, time spent upon the beach be 
neglected, as it must be in consideration of the number of bottles involved, either 
the mean velocity of the drift over the region concerned was very much less than 
it had been two months previously, or all bottles, without exception this time, 
became involved for a time in the North -East Dogger Bank Swirl. The latter 
alternative is the more probable in view of the above -cited sea recovery from 
Station 7, prior to the date of which recovery none of the drifters belonging to any 
of the series despatched from Stations 5 -15 was discovered on Danish, Swedish, or 
south Norwegian coasts. 

Further evidence in relation to the April bottles indicated also that, until about 
the beginning of the month of July 191o, the above eddy functioned approximately 
over the region of the Little Fisher Bank, but that between July and September it 
was translated, evidently by the force of the fresher water efflux from the Baltic, 
in a south to south -westerly direction. The sea -recovery from the June experiments 
undoubtedly supports this inference, the position of the recovery probably marking 
the southerly limit of the eddy periphery at the time, that is, in September 191o. 

The routes overtaken then by drifters set afloat at Stations 5 -15. are probably 
fairly nearly represented in Figure io by the broken curves leading into the North -East 
Dogger Bank Eddy and by the whole curve leaving the complex when the latter 
had attained, or nearly so, its September position. It is obviously not so feasible 
in this case as formerly to investigate the Period of Circuit of the Eddy and the 
velocity of drift in the neighbouring areas, partly on account of the relative scarcity 
of data, but mainly owing to the absence from these later records of a short- period 
return upon which to base, within reasonable limits of accuracy, the necessary 
measurements and calculations. 
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August Liberations. 

During the month of August 191o, 145 surface drifters were liberated in batches 
of five from each of twenty -nine different stations, all of them outwith the North 
Sea. The first nineteen stations were disposed over the region of the Faroe -Shetland 
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Channel and after one station in the Minch (between the Outer Hebrides and the 
mainland of Scotland) a further nine points were visited in the area immediately 
south -westwards of the Wyville- Thomson Ridge. 

Recoveries totalling thirty -eight were subsequently recorded as a result of the 
above operations. These took place upon the following shores, no bottle being 
picked up from the sea :- 

West coasts of the Outer Hebrides 
East coasts of the Outer Hebrides 
West coast of the mainland of Scotland 
Western shores of the Orkney Islands . 

Eastern shores of the Orkney Islands . 

On the Shetland Islands . 

2 
1 
1 
2 
3 
o 

Within the Skagerak . . . . . 6 
The Norwegian coast between Lindesnaes and latitude 62° N. 3 
The Norwegian coast between latitudes 62° N. and 64° N. . 9 
The Norwegian coast north of latitude 64° N. . 11 

The entire absence of returns from the Shetland Islands is a remarkable feature 
of the August records in contrast to those of the previous May, when the Faroe - 
Shetland Channel area was as intensively operated as regards the number of stations 
visited. 
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Fully one -half of the total number of bottles returned as a result of the August 
experiments were found on the Norwegian coast north of latitude 62° N. Included 
in this number are five bottles for which remarkably short drift -periods are 
recorded, the shortest, from the point of view of the minimum distance traversed 
and the time taken to cover this distance, being registered by that drifter despatched 
from Station 13 and recovered after 45 days at Maasoval, South Trondhjem, Norway. 
A more or less direct route from the point of liberation to the stranding- place, such 
as postulated in Figure ii, measures some 36o miles, which would be accomplished 
in 45 days at an average speed of 8 miles per day. 

The question arises, however, as to the probability of the above -mentioned 
five bottles having drifted first of all into the North Sea by way of the north of the 
Shetland Islands and under the influence of the Great Eddy. To determine if possible 
the likelihood of this event, the relative disposition of the liberation -stations from 
which recoveries were effected : (a) within the North Sea or neighbouring bights or 
inlets ; and (b) on the Norwegian coast north.of latitude 62° N.Lmust be studied. 

Drifters were returned from Danish, Swedish, and southerly Norwegian coasts 
which had been set away at Stations i, io, zr, 17, 21, 22, and 23, and the above - 
mentioned five short- period bottles originated at Stations 2, 13, and 15. Thus 
no station occurs in both categories, again in contrast to the result of a similar analysis 
of the May records. Stations i, 17, 2I, 22, and 23 were so situated that drifters 
therefrom might reasonably be expected to pass through the Fair Isle -Sumburgh Head. 
Channel into the North Sea. But, according to the deductions arising from the May 
results, this channel was superficially closed until at least the 29th of August to the 
influx into the North Sea of water from the west and the record of an Orkney recovery 
belonging to the Station 17 group of bottles, although it be a relatively long -period 
one, supports this finding. It is unlikely, therefore, that drifters from the August 
Stations i and 17, which were operated on the 8th and i9th of the month respectively, 
entered the North Sea proper by way of the south of the Shetland Islands. On the 
other hand, there can be little doubt that the drifters from Stations io and ii reached 
the Skagerak and south -westerly Norwegian coasts by a route passing into the North 
Sea by way of the north of Shetland. 

Under these circumstances it is difficult to imagine how at least the short -period 
bottle from Station 2 to the more northerly Norwegian latitudes could have escaped 
a North Sea cruise. To explain the anomaly, for the evidence does not warrant 
the postulation in respect of the Station 2 drifter of such a long route, the time 
factor must be taken into consideration. 

It is to be noted firstly that all four recoveries pertaining to Stations io and li- 
the two recoveries from the Station 12 series of bottles might also be included - 
registered fairly lengthy periods of drift. In the second place the stations in question 
were situated within an area which more than one investigator has found to be 
peculiar in relation to the physical characteristics of the surface water masses. 
The region concerned lies midway between the Shetland and Faroe Islands, and at 
certain times, as has been demonstrated by Helland- Hansen (1o) and by Jacobsen 
and Jensen (e), the opposing influences of a more or less southerly flowing drift -stream 
on the west side of the channel and of a north -easterly running current on the 
.east side may induce the formation of an eddy over the area between the two. 
It is quite likely that this counter -clock circulatory system, which we may call the 
Faroe -Shetland Channel Eddy, was functioning in the neighbourhood of the August 
Stations io, ii, and 12, and that drifters liberated thereat were detained in the 
vicinity for some time, probably long enough to allow of a deviation more to the 
eastward of the stream passing into the Norwegian Sea from the Faroe -Shetland 
Channel, thus carrying floating objects more nearly within reach of the influence 
of the Great Northern North Sea Eddy. 

The broken curves in Figure ii, embracing Stations io, ii, and 12, and expressive 
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of the above hypothesis, do not then represent continuously progressive courses 
in respect of the bottles concerned. Two or more eddy circuits were probably 
accomplished before the bottles finally escaped from the predominant influence of 
the system and passed on towards the northern limit of the Great Northern North 
Sea Eddy. 

It may therefore be accepted meantime that the five short- period recoveries 
above referred to reached their stranding -places by way of the Southern Norwegian 
Sea only. 

The shortest -period recovery belonging to the Station 13 group of drifters has 
already been dealt with, and the route postulated for the 64 -day recovery in the 
Vigten Islands, Norway, from the same point of origin would be accomplished in 
the time given at a daily rate of progress of not less than 7, miles. Following 
courses somewhat as indicated in Figure ii, the shortest- period returns pertaining 
to Stations 2 and 15 are in strict agreement with the first- mentioned Station 13 
bottle, covering distances of approximately 485 and 405 miles in the times given, 
namely 6r and 51 days, at an average rate of 8 miles per day. It has been assumed 
that the Station 2 drifter passed over the position of Station 15, thereafter pursuing 
the same course as the bottle from the latter point to approximately the same 
stranding -place. The fifth short -period recovery, that is the second bottle to be 
returned from the series liberated at Station 15, will be commented upon later. 

The only recovery from Station Z was that effected after 207 days in Sack Fjord, 
between Strömstad, Sweden, and Fredrikshald, Norway. Presumably, as has been 
pointed out above, this bottle passed into the North Sea by way of the north of 
the Shetland Islands, as also some of the drifters liberated at Station 17, one of 
which was picked up on the same day as and not many miles distant from the 
Station I recovery. These two instances belong to the large group of Danish and 
Swedish coast recoveries effected during the first quarter of the year i911 (see 
Figure 5). The shortest -period individuals of this group are those which originated 
over the region of " The Gut " in the beginning of December i9io, and the connection 
between the experiments of that month and those of August lies in the suggestion 
that the August bottles which ultimately found their way to the Skagerak, along 
with numerous others, spent the intervening time circuiting once round the Great 
Northern North Sea Eddy. The suggestion is further enhanced, and at the same 
time a closer connection established between the August experiments and those of 
December by a practical demonstration. 

On the supposition that the Station August10Z drifter found in Sack Fjord 
on 3rd March 1911 cruised into the Great Eddy by the route indicated in Figure II 
and thence southwards just within the western periphery of the complex, at an 
average rate of 8 miles per day the vector above deduced in respect of 
contemporarily drifting bottles across the Southern Norwegian Sea -then the region 
of the southern end of the Fladen Ground (the hatched area on Figure ii) would be 
attained within at most two days of the inauguration in that quarter of the experi- 
ments of September from which, it will be recalled, two Skagerak recoveries resulted, 
also during the first quarter of z9zZ -one of them, in fact, two days prior to the 
August bottle and within 40 miles of it. 

In respect of Stations 3, 5, 6, 7, 8, and 14, the recorded recoveries all took place, 
after long periods of drift, on the Norwegian coast north of latitude 63° N., most of 
them north of latitude 65° N. Their probable courses as they set out from the 
various stations are denoted on the chart by broken curves which have been stopped 
abruptly. It is obvious, in view of our fundamental axiom relating to cross -drifts, 
that the bottles from these stations cannot be regarded as having proceeded, in the 
first instance at all events, into the Great Northern North Sea Eddy. In parenthesis, 
the longer- period recovery belonging to the Station 2 group of bottles might thus 
be accounted for, but how else are the long periods registered by the recoveries 



44 

belonging to Stations 3, 5, 6, and 14 to he explained ? Apart from the resort to the 
theory of having lain upon the beach, the only other feasible explanation lies in the 
assumption of the existence at the time of a small swirl, first propounded, so far as 
the present writer is aware, by Helland- Hansen and Nansen,* and situated 
approximately in 'the area represented by the broken circle, A. Herein also probably 
lies the explanation of the anomaly of the second Station 15 recovery, namely, that 
returned from the Island of Smöien after 71 days, when another drifter from this 
Station, having proceeded at least a further 5o miles along the Norwegian coast, 
was found 20 days earlier. 

The explanation of long drift -periods might, in part at least, be otherwise than 
above in regard to the drifters originating at Stations 7 and 8 on the Faroe Shelf, 
for one of the features of the analysis of the May records was the deduction of a 
circulatory system of surface waters enclosing the Faroe Islands. Furthermore, it 
is evident that drifters emerging from such a system, if it was in fact in operation 
during August 191o, may pass therefrom into the Faroe -Shetland Channel Eddy, 
and there be delayed for a further indefinite period. 

Relative to Station 20, situated in the Minch, only one recovery was sub- 
sequently recorded, this having taken place on the Lewis coast about twenty miles 
south -west of the starting- point. The time presumably occupied in making this short 
journey was five days. The record may be useful in conjunction with others of 
later date, but as an isolated instance in the present experiments no further comment 
is meantime called for. 

Passing finally to the consideration of recoveries accruing from the experiments 
inaugurated at Stations 21 -29, these may be classified under two heads, according 
as the bottles in question obviously did, or presumably did not, enter the North Sea 
proper. This classification leads to a similar division into two groups of the liberation - 
stations themselves, the first group embracing Stations 21 -24, which were situated 
beyond the Continental Edge as defined by the roo- fathom bathymetric contour, 
and the second group comprising Stations 25 -29 inclusive, situated over the region 
of the Continental Shelf to the immediate west of the Outer Hebrides. The two 
groups of stations are, by their results, connected in virtue of subsequent recoveries 
upon the Orkney Islands, resulting from liberations at two of the stations in each. 
The characteristic feature of the data pertaining to the first four stations is the 
ultimate stranding of drifters therefrom on Danish, Swedish, and southerly 
Norwegian shores, while two Hebridean recoveries, and one upon the western 
mainland of Scotland differentiate the second group of stations from the first. 

With reference first of all to the Orkney Island returns, a point to be noted in 
relation to the deeper water stations is that, contrary perhaps to what might be 
expected, it is from the two outermost stations of the group, namely, Stations 23 
and 24, that the two Orkney Island recoveries were later effected. From the former 
point a second drifter is known to have ultimately reached the west Swedish coast. 
These facts, conjointly, point to the inference that the surface water in the region 
of the liberation- stations comprising the first group headed more or less in the 
direction of the August Stations I and 17, about which area it has previously been 
remarked, a division in the easterly flowing drift- stream appears to take place, part 

* Helland- Hansen, B., and Nansen, F., "The Norwegian Sea, Its Physical Oceanography," 
Rept. Norwegian Fish. and Marine Invest., Vol. II, 1909. 
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deviating northwards off the western shores of Shetland, and part turning southwards 
between Fair Isle and Orkney, the latter giving rise to a continuous clockwise 
circulation of surface waters round the entire group of the Orkney Islands. The 
latter phase of this hypothesis is supported by evidence available from the present 
data, by reason of the fact that the assumption, in respect of the Orkney bottles 
from Stations 23 and 24, of direct routes approximately as defined by the broken 
curves on Figure 11, entails also the acceptance of average drift velocities of only 
4- miles per day, which obviously do not conform to much of the foregoing analysis 
of the August records. Drift -velocities of the order of 8 miles per day follow 
only on the postulation of two complete circuits of the Orkney Islands in addition 
to the routes laid down on the chart. 

Of the five Continental recoveries resulting from the above- mentioned four series 
of liberations, the shortest -period return was that found near Blokhus on the north 
Jutland coast on the 3rd day of February 1911, that is, 165 days after the date of 
its despatch from Station 21. Little hindrance to a continuously progressive course 
by way of the north of the Shetland Islands into the North -Western Area of the 
North Sea, thence by way of the Middle Area into the Skagerak, can have been 
experienced by this particular drifter, since, on the foregoing assumption relative 
to the route followed, a lineal distance of almost moo miles must have been overtaken 
at a mean rate of drift over the entire course of about six miles per day, a vector 
which is consistent with those deduced from the results of experiments commenced 
within the North Sea in the months following upon that presently under review. 

The Hebridean recoveries recorded in respect of Stations 26 and 28 are singular 
on account of the magnitudes of the drift- periods registered, and also, in the former 
case especially, with reference to the relative geographical positions of liberation - 
station and stranding -place. Without further material of a similar nature, though 
of shorter drift -periods, little can be surmised with confidence regarding the courses 
presumably taken by these bottles. This applies also to the one from Station 27 
returned after 48 days from Handa Island on the west coast of Sutherlandshire, 
Scotland, for from the same point of origin another bottle found its way to the 
west coast of the mainland of Orkney, being picked up near Marwick Head nine 
days before that found on Handa Island. A direct route for this case, as for that of 
the 53 -day drifter found in Pierowall Bay, Westray, Orkney, and belonging to the 
Station 25 group, leads to the deduction once more of average drift -velocities of 
41 _ 

miles per day. 
The consistency of the four Orkney Island recoveries must therefore be 

acknowledged, although the index of that consistency differs from that of the results 
pertaining to experiments begun in more northerly waters of the region of the Faroe - 
Shetland Channel. In connection with the latter results, the hydrodynamical 
calculations of Robertson (ire) again support the figure of 8 miles per day as 
defining the surface velocity in the region of the mid -Faroe -Shetland Channel north 
of the 6oth parallel of latitude, during the month of August 1910. 

October Liberations. 

Only one batch of drifters was despatched during this month. On the 21st, 
ten bottles were set adrift at the point- Latitúde 56° 55' N. Longitude i° 08' W. -and 
of these, six were returned from the east Aberdeenshire coast in from seven to twelve 
days of the date of liberation. 

The range of the drift- periods, assuming all six to be drift -periods in the true 
sense, indicates complexity in the surface current system of the area involved, and 
of course the Mid -East Scottish Coast Eddy is suggested. Taking the case even of 
the longest -period drifter, however, and postulating for it a course just outwith 
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the normal boundary of the eddy as defined in Figures 8 and io, the resulting average 
velocity figure works out at approximately io miles per day, and for similar courses 
in respect of the shorter- period bottles the vector would be in the neighbourhood of 
20 miles per day. Even the lower of these estimates is almost inadmissible in view 
of the foregoing analysis of the August material in conjunction with much that 
follows pertaining to the two last months of the year, the trend of which examination 
is to show that fromAMay onwards to the end of the year 1910 the mean velocity 
of the surface water drift over the Northern North Sea as a whole, and as deduced 
from drift -bottle records became gradually less. 

To interpret the October results reference must be made to meteorological 
records.* For a week prior to the initiation of the October experiment winds in the 
vicinity of Aberdeen were light and very variable. Commencing on the morning of 
the 21st, however, strong winds proceeding from the south -east quadrant were 
registered persistently for the next eight days. 

In all probability, therefore, the October drifters set out from the starting -point 
more or less in a south -westerly direction, inclining more towards the land than they 
would have done under normal circumstances. It would appear that the south- 

Figure 12 

easterly winds of the following week were sufficiently strong and persistent to interfere 
materially with the regular gyration of the Mid -East Scottish Coast Eddy, producing 
a tendency to curtail if not altogether to break the circuit by displacing northwards 
the normal southerly limit of the eddy boundary, for, having due regard to the 
above -mentioned trend of average velocity estimates, the 7 -day recovery must 
have deviated westwards soon after being set adrift. For such a course as is 
represented on the chart, Figure 12, by the curve of least convexity, the shortest - 
period recovery must have traversed nearly 4o miles at an average rate of from 
52 to 6 miles per day. The remaining curves on the chart correspond to the longer - 
period returns, assuming the same rate of drift. 

November Liberations. 

On the 3rd and 4th days of November 191o, eighty surface drifters were liberated 
in equal series of ten from eight stations in the North -Western Area of the North Sea 
between the latitudes of Rattray Head, Aberdeenshire, and Fair Isle in the Orkney- 

* The Daily Weather Reports, issued by the British Meteorological Office. 
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Shetland Channel and between longitudes 1° and 2° W. On the 28th of the month 
twenty drifters were put overboard at a point in the Firth of Forth estuary off Elie 
Ness. 

Twenty -four drifters in all were returned as a result of these operations. 
All four recoveries belonging to the first two series of bottles stranded on Danish 

and Swedish shores. The first of the four stations from which strandings on the 
mid -east Scottish coast resulted is Station 3, from which also two drifters were later 
picked up on the Danish coast. From Station 4 the sole recovery took place on the 
Swedish coast, whilst all those recorded in respect of Stations, 5, 7, and 8 were 
returned from the mid -east Scottish coast between the mouth of the River Ythan, 
Aberdeenshire, and Montrose, Forfarshire. 

Due doubtless to predominating tidal influence, the results from Station 9 are 
somewhat irregular, as has indeed been remarked in connection with the results of 
more than one series of liberations made in approximately the same locality, namely, 
those relative to Stations Mayio52 and Juneloi9. 

4 ° 0° 2° 

' .1.p° 
8 

/ 
U 

EXPERIMENTS 
6ti 

5s" 

6d 

59 

57. 

. 

ç 
E. 

a Neer 4 
&ES ., 

OF 

1910 

tß 

- '; 
' Y 

5 

4 

iz 
t f <\RTN ,,' 

V 
423.433 

35g 3 s 
1 

¡ 

ti Í( 
_, 

MIOIITROSE6 

139 

- 

r3 
5f 

` M. 
r' G 

L-56 
2(7 

4° z° ° 2° 

Figure 13 

It is fairly evident from the above facts relating to the northerly stations that 
the drifters despatched therefrom set off on a south to south -westerly cruise, those 
from the northmost points passing to the west of the positions of the more southerly 
stations. Some few miles to the north -east of Kinnaird Head, the drifters apparently 
deviated slightly more towards the south, the results from Station 3 particularly 
suggesting that about this region a division took place in the southerly flowing 
drift- stream, part continuing an easterly deviation and heading seawards and part 
passing on to the eastern boundary of the Mid -East Scottish Coast Eddy, which the 
month's results indicate to have reasserted itself after the interference caused by 
strong south -easterly winds during the last week of October. 

The winds registered at Aberdeen throughout the month of November 1910 
were mainly from westerly quadrants, but the period embraced by the above -noted 
Scottish coast recoveries was again marked by fairly strong south -easterly winds 
which, it would seem, are inimical to the proper functioning of the Mid -East Scottish 
Coast Eddy. Without further information, however, the periods which may have 
been spent by the eight Scottish coast returns cruising within the said complex 
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cannot be estimated with reasonable certitude. Fortunately a consideration of some 
of the experimental results of the following month is of assistance in this connection. 

From three stations on a line passing eastwards from the May Island in the 
Forth estuary a number of bottles which were despatched on the 7th of December, 
reached points on the mid -east Scottish coast between Fife Ness and Buchan Ness 
in from seven to twelve days of the date of liberation. Average drift -speeds of from 
five to nearly eight miles per day are deduced for these bottles, from which it can 
be shown by measurement and calculation that none of the November returns from 
the same coast -line completed a circuit of the Mid -East Scottish Coast Eddy before 
the system was again modified by south -easterly winds in the beginning of December. 

Curves are traced on Figure 13 to represent the probable routes taken by the 
shortest -period Scottish recovery pertaining to each of the November stations 
concerned. These routes are consistent with one another in that they would be 
covered in the corresponding times at an average daily rate of progress of about 
six miles. 

The earliest Danish and Swedish coast returns from the November operations 
occurred during the first week of March 1911, that is, almost simultaneously with 
recoveries in the same region resulting from liberations effected on the 7th of 
December 1910 at the points A and B in Figure 13. The histories of the November 
bottles are thus closely linked with those of the following month's liberations. 

December Liberations. 

From eight points, seven of which were situated on a line passing eastwards from 
the May Island in the Firth of Forth estuary to the point -Latitude 56° 48' N. 
Longitude I° 19' E. -the last station being about 36 miles north of this point, forty 
drifters were set afloat on the 7th and 8th of December 1910. Twenty of these were 
ultimately returned, eight from points on the mid -east Scottish coast, nine from 
the north -west Jutland coast and three from the west Swedish coast. 

The results of the experiments of December 1910 are remarkable for the number 
of short-period bottles returned from both British and Continental coasts. Again, 
as was found from an examination of the previous month's records, there appears 
to have been a longitudinal division of the southward moving drift- stream off the 
east coast of Scotland. From the examination of all appropriate records pertaining 
to the period that division can he placed approximately along the dotted line d on 
Figure 14. 

From Station i the shortest -period recovery was that effected midway between 
Tayport and Guardbridge, Fifeshire, after four days. The curve traced on the chart 
to represent the most likely course pursued by the drifter measures to scale some 
20 miles, thus giving an average velocity figure of five miles per day. If six and ten 
days represent the true drift- periods of the remaining two bottles from this station 
returned from practically the same place as the first bottle, it is conceivable that the 
extra days' drifting was due to the drifters in question having been carried some 
distance into the Firth of Forth on a flood -tide and out again on an ebb. 

An average velocity of 7 miles per day is derived from the assumption of a 
straight -line course for the two bottles from Station 2 recovered after 4 days each at 
Montrose. For the 12 -day bottle returned from the east Aberdeenshire coast, 
the mileage indicated by the appropriate curve in Figure r4 is 65, which would be 
covered in 12 days at a speed of about 51- miles per day. 

From Station 3 two bottles stranded on the east Aberdeenshire coast after 
7 days each. These two drifters must have covered at least 55 miles, thus entailing 
the assumption of a mean rate of drift almost 8 miles per day. 
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The variability of the above figures relating to the mean speed of the drift of 
surface waters off the mid -east Scottish coast during the early days of December 1910 
is only to be explained by the extent to which the wind in different intensities affects 
the movement of superficial layers of fairly shallow water. It seems evident that 
that effect must sometimes be produced fairly rapidly. 

The shortest- period Continental coast recovery from the December operations 
was that from Station 8 found on 3rd February 1911 near Hantsholm Light, Denmark. 
Assuming that this drifter pursued a continuously progressive course during the 
57 days which elapsed between the dates of liberation and recovery, passing im- 
mediately to the south of the North -East Dogger Bank Swirl, which at this time of 
the year was probably situated more to the north -east of its September position as 
defined in Figure io, its mean rate of drift would probably be in the neighbourhood 
of 5? miles per day over a route of some 315 miles. 

With the curve representing this shortest -period recovery as guide, those 
pertaining to the shorter- period returns from Stations 3 to 6 were traced and measured 
and the following table constructed :- 

T ABLE XXIII 

Recovery. 

(u) 

Course in Miles 
Exclusive of Eddy 

Circuits. 
(b) 

Time in Days to 
Cover (b) at 51 
Miles per Day. 

(c) 

Residual Periods. 
(Days.) 

(u)-(c) 

1303 500 91 39 
804 440 80 - 
885 485 88 - 
76 6 370 ' 67 9 
786 360 65 13 
846 410 75 9 
618 290 53 8 

1028 445 81 21 

According to the above table at least two more drifters besides the shortest -period 
Station 8 recovery apparently negotiated the North -East Dogger Bank Swirl without 
becoming involved in it. Further investigation, however, of the residual periods in 
the last column of Table XXIII indicates that only two of these--the first and the 
last -can be regarded as really significant, for on the basis of the above mean velocity 
figure of 5 miles per day the remaining four periods might well be absorbed by some 
comparatively small idiosyncrasy in the latter stages of the drifters' courses. For 
instance, the loci of recovery of the first two bottles from Station 6 in relation to the 
magnitudes of their drift -periods suggests that these two drifters may have " overshot," 
as it were, their ultimate stranding- placés and been carried back along the coast 
by a narrow stream moving in the opposite direction to the main stream entering 
the Skagerak from the North Sea. It is indicated on the chart, Figure 14, how also 
the 84 -day recovery at the Skaw may conceivably have participated in this reversal 
and a similar assumption in respect of the second recovery belonging to the Station 8 

series of bottles would involve extra mileage sufficient to occupy the full drift -period 
of 61 days. 

Thus, again, the North -East Dogger Bank Swirl was apparently characterised 
by a Period of Circuit of about 20 days. The probable dimensions of the swirl under 
these circumstances are represented by the broken circle on Figure 14. 
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SUMMARY DISCUSSION OF THE YEAR'S RESULTS 

THE first observation to be made regarding the system of surface drift -currents in 
the Northern and Middle Areas of the North Sea and in contiguous waters, as 

' ^bottles, is that it is b 
foregoing 

n ameanssa sim 
the 

le 
results 

stem if the experimental 
surface-floating 

10 Y P Y P 9 
can be taken as a broad indication of what generally happens in most years. 

That the surface water circulation of the Northern North Sea Area depends 
substantially upon dynamic conditions in the Faroe -Shetland Channel region is now 
generally conceded, and the fact is borne out by the present records. But the North 
Sea " front," upon which is directed the main attack emanating from the North - 
Eastern Atlantic Ocean is not perhaps so consistently agreed upon. It has been 
pointed out that, from his observations upon physical data pertaining to the year 
1902, Helland- Hansen (1o) considered that the main bulk of Atlantic water which 
entered the Northern North Sea in that year came by way of the opening between 
Shetland and Norway, while, as regards succeeding years until 1910, Robertson (II) 
found in favour of the channels between Shetland and the mainland of Scotland 
as being the principal gateways for the entrance of surface water from the west 
into the Northern North Sea Area. The present examination undoubtedly enhances 
the former view as applied to the year 1910, but further investigation is necessary 
before defining a general case in this important matter. 

- In regard to the Faroe -Shetland Channel Area itself, particularly the south- 
western part of it, the results so far obtained are not conclusive. More intensive 
work in this region conjointly with that of the southern waters of the Norwegian 
Sea will probably yield more substantial data upon which to found inference and 
deduction. A more detailed knowledge also of the circulation of surface waters in 
the neighbourhood of the Faroe Islands with special reference to seasonal fluctuations 

be undoubted value. In the early summer the just reviewed, this 
group of islands was found to be enclosed within an anticyclonic swirl of at least 
surface waters. 

A similar gyration appeared to be characteristic of the neighbourhood of the 
Orkney Islands throughout the summer, and probably also the autumn months of 
1910. The genesis of this circulation embracing the Orkney group was an offshoot 
from the main drift -stream coursing north -eastwards along the eastern side of the 
Faroe -Shetland Channel. This subsidiary stream apparently headed for the channel 
between Shetland and Fair Isle, flowing in an easterly direction for a short distance 
approximately along the parallel of 59° 30' N., but, finding its further progress 
towards the North Sea barred by a narrow stream flowing northwards on the east 
(i.e. the North Sea) side of the said channel, it was forced to divide, part turning to 
the left and passing northwards along the western shores of Shetland, and part 
deviating southwards through the opening between Fair Isle and Orkney. The 
same narrow stream, heading northwards off the eastern shores of Orkney, Fair Isle, 
and even Shetland, restricted the tributary stream from the north and west to the 
immediate neighbourhood of Orkney, forcing it backwards, as it were, through the 
Pentland Firth and the passages between the islands. 

Perhaps the most significant outcome of the surface drift -bottle work performed 
in the Northern North Sea throughout the year 1910 is the establishment of what it 
has been proposed to name the Great Northern North Sea Eddy, the existence of 
which has long been suspected. Indeed, it almost follows from what has been known 
empirically for some time regarding the hydrodynamics of the waters on either side 
longitudinally of the Northern North Sea Basin, that such a system will function 
over the central area as the effect of a sort of hydro -couple, the arm of which lies 
approximately along the parallel of 59° 30' N. latitude. The limits of the system 
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during 1910 were approximately latitudes 57° 3o' N. and 61° Io' N. on south and 
north, and longitudes o° and 3° 3o' E. on west and east respectively. It is more than 
likely, however, that these limits vary, perhaps considerably, throughout any one 
year. 

The concept of the Great Eddy is of valuable assistance in the investigation 
into the histories of long- period recoveries which, as is to be expected, are in the 
majority in the records of experiments similar to those examined. By far the greater 
number of these long- period bottles are without doubt actually at sea for the larger 
portion of the time registered between their dates of liberation and recovery, the 
circulation of the Great Eddy system once,or perhaps several times,accounting for 
much of the time hitherto supposed to have been spent upon the beach. 

One effect, apparently, of this huge cyclonic swirl of waters is to deflect further 
to the right the surface water seeking entry into the North Sea from the southern 
latitudes of the Norwegian Sea, causing it to be restricted within narrow limits as 
it crosses latitude 61 ° N., heading in a south- westerly direction. It is probable, 
however, that this stream divides on the north -western boundary of the Great Eddy, 
part being absorbed, as it were, by the eddy system and carried southwards along 
its boundary, and part-the main part, probably -deviating gradually towards the 
east Scottish coast. On occasions, such as happened during the months of May 
and June 191o, this latter stream may again divide in the region of latitude 58° N., 
and between longitudes I° and 2° W., one tributary turning more or less sharply 
westwards into the Moray Firth and the other continuing its southerly route. 

That part of the stream which enters the Moray Firth from the North Sea proper, 
flowing westwards parallel to,but some distance off,the southern shore of the Firth, 
appears to lose its identity within a small eddy functioning in the inner reaches of 
the Moray Firth, but if the movement from the North Sea be long- continued the 
congested waters seek an outlet from the Firth in a north -easterly direction, giving 
rise to the aforementioned narrow stream along and off the eastern shores of Orkney 
and Shetland. This stream may not at first attain to the latitude of Shetland, but 
turn off eastwards approximately in the latitude of Fair Isle, thus establishing a 
connection again with the southerly flowing stream heading in the direction of the 
north -eastern corner of Aberdeenshire. On the other hand, the west flank of the 
southward moving steam from the Norwegian Sea may not reach the latitude 58° N. 
before deviating westwards and then northwards towards Shetland. This movement, 
when it occurs, most likely takes place about latitude 59° N., between which and the 
latitude of Fair Isle there may be found to function at certain times a small clockwise 
swirl or eddy. 

The peculiar set of the surface currents in the region to the north of the Viking 
Bank during the month of May 191o, as indicated by the courses estimated in respect 
of drifters liberated therein, is worthy of further investigation. Such a pronounced 
and continued swerve to the right of the main drift- stream traversing this important 
region about the northern edge of the North Sea Continental Shelf is probably the 
cumulative effect of three major causes, namely : (i) the rotation of the earth ; 

(ii) the configuration of the ocean floor ; and (iii) the circulation of the Great Eddy. 
There is little doubt that throughout spring and summer months at least, 

another eddy will normally be found to function in the waters off the mid -east 
Scottish coast between the latitudes of Fife Ness and Aberdeen. Consequent upon 
a deflection westwards into the Moray Firth of the bulk of the water moving south- 
wards into the North Sea this eddy may be found to extend its influence considerably 
seawards,as in the months of May and June 191o. Again, fairly strong winds from 
the south -east quadrant of the compass are apparently inimical to the complete 
functioning of this complex. 

Certain unique instances in the records of the 1910 experiments afford information 
as to the probable orientation at various times of the year of Böhnecke's North -East 
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Dogger Bank Swirl, and to a less extent of the South -West Dogger Bank Swirl. As 
is to be expected, the position of the former is to all appearances governed more or 
less by the seasonal dynamics of the Skagerak waters. 

The results of the 1910 experiments show that drifters may find their way into 
the Skagerak during most months of the year, although there was apparent a distinct 
tendency for bottles to be held up off the Skagerak entrance during the last quarter 
of 1910 and until the first quarter of the following year. 

In connection with this resistance to the progress of the drifters, certain results 
on closer scrutiny yielded some interesting information. In brief, it was found 
possible to estimate the approximate time required for a bottle to be carried once 
round the surface -water gyration called by Bcihnecke the North -East Dogger Bank 
Swirl. This quantity, which it is proposed to call the Period of Circuit of the complex, 
depends of course upon the velocity of the surface drift- stream or streams in its 
immediate vicinity. 

A similar quantity has been deduced in respect of the small anticyclonic swirl 
in the Moray Firth and also for that off the mid -east Scottish coast. 

The Period of Circuit of the Great Eddy will not be so easily ascertained, not only 
on account of its size, but by reason of the fact that, on issuing therefrom, drifters 
may or may not become involved for an indefinite time within another such system, 
thus to a great extent precluding the possibility of estimating with reasonable 
certitude the periods spent within each or either. The same applies to the South -West 
Dogger Bank Swirl, for floating objects issuing from this circulation may pass into 
the North -East Dogger Bank Swirl before finally cruising towards and stranding 
upon Danish, Swedish, or Norwegian coasts. 

Turning to the question of the velocity of the surface drift, the important feature 
of the present analysis is to enhance the value of the " unique cases " mentioned in 
footnotes and parentheses by former investigators, namely, the isolated instances of 
apparently extraordinarily fast -moving drifters. 

Taking the short -period return as a basis for argument, the histories of the 
longer period recoveries have been investigated with due regard to the above - 
mentioned complexities in surface water movement and other factors detailed in 
the Introduction to the present report. The results of this method of examination 
have been expressed diagramatically in the various charts throughout the text. 
The most notable feature of these charts is the remarkable consistency which has 
been attained with regard to the routes estimated to have been followed by 
numerous drifters, a consistency which has not resulted from other methods of 
examination of similar material. 

From the months of May and June onwards to the end of the year just reviewed, 
a gradual diminution in the mean rate of flow of the surface drift- current over the 
Northern North Sea generally has been demonstrated, from a maximum of some 
13 miles per day during the late spring and early summer to between 5 and 6 
miles per day in winter months. Where comparison has been possible, namely, in 
connection with the Faroe -Shetland region during the months of May and August, 
these estimates of drift- velocities derived from drift -bottle experimental data agree 
very closely with those obtained by hydrodynamical calculation based upon obser- 
vational data of temperature and salinity. 

In concluding this report, an attempt has been made to summarise the main 
features of the foregoing analysis in three synoptic charts, representing the " average " 
surface drift -current system in the Northern and Middle Areas of the North Sea and 
in the Faroe -Shetland Channel during the three quarters of the year 1910 commencing 
with the month of April. Obviously, the synchronisation of each of these charts 
cannot be perfect, but it must be conceded that over such an extensive field the 
approach towards synchronism is remarkable, the more so as, in the first place, the 
work of liberating the drifters was performed throughout from one and the same vessel, 

4 
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and further, since the large -scale operations commenced in igio were still of the 
nature of a pioneering effort and consequently were not conducted according to a 
prearranged plan, such as might now be formulated on the basis of the results so far 
obtained. 

The quarterly synoptic charts are appended herewith (Figures 15, 16, and 17) 

and require little further comment. They explain themselves in so far as the main 
curves are concernedwhile the broken curves represent more or less temporary 
deviations from a more strongly established system. 

Again, it may be well to remind the reader that the subject- matter of this paper 
must be read as applying only to the most superficial stratum of water in the areas 
concerned until such time as the question of sub -surface drift -currents in relation 
to those at the actual sea -surface has been investigated experimentally. 
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PREFATORY NOTES 

THE following report, dealing with surface drift currents in the Northern and Middle 
Areas * of the North Sea and contiguous regions, as ascertained from a cartographical 
analysis of surface drift -bottle experimental records pertaining to the year 1911, is 
in continuation of two previous papers by the writer, published as :- 

(a) Fisheries, Scotland, Sci. Invest., 1930, No. II. (containing Figure 1, Tables 
I. to XII.). 

(b) Fisheries, Scotland, Sci. Invest., 1930, No. IV. (containing Figures 2 to 17, 
Tables XIII. to XXIII.). 

Practical details concerning the initiation and objects of these drift -bottle 
experiments and a chronological arrangement of the numerous liberations, together 
with their results, are given in the first of these papers. The general principles 
underlying the method of analysis employed in the following pages and the con- 
ventions used throughout the text and on the several charts are explained in the 
Introduction to the second publication. Further, the sequences of Figure and 
Table numbers in the earlier volumes are continued in the present paper. In other 
respects, apart from the necessity of direct reference, a knowledge of the contents 
of the two papers above quoted is eminently desirable to a complete understanding 
of the following work. 

In addition to information already submitted in one or other of the former 
publications, it may be mentioned that, at the present stage in the investigation of 
surface current systems by means of drift -bottles, no distinction is here drawn 
between the apparent rate at which a drifter passes through the surface waters of 
the sea areas concerned and the velocity of that which is at present known as the 
surface drift. This report also contains a more detailed examination of the data 
for 1911 than that followed in the survey of the 1910 material, (b) above. As ex- 
plained in the sequel, this refinement of the analysis is the outcome of a necessary 
modification in the treatment of the results, the necessity arising from a paucity of 
the data essential to an examination conducted on exactly the same lines as before. 
The modification of the analytical method, in order to build up a logical argument, 
leads to a greater irregularity in the presentation of the 1911 results than that de- 
manded by the previous year's analysis. The records accruing from the liberations 
carried out in each calendar month are again treated independently, in the first 
instance, but the exigencies of cohesive argument, to suit the purposes of a report, 
call for an arrangement of these monthly analyses not dictated by chronological 
sequence. The threads, however, are ultimately rewoven in the form of a time - 
velocity curve, which appears towards the end of the paper, and in the summary 
discussion of the year's work as a whole. 

J. B. T. 
ABERDEEN, August 1931. 

* Defined in the preface to (a) above. 
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The Surface Water Drift in the Northern and 
Middle Areas of the North Sea and in 

the Faroe -Shetland Channel 

PART II, SECTION 2 

EXPERIMENTS COMMENCED IN THE YEAR 1911. 

INTRODUCTION. 

BETWEEN February and October 1911, both months inclusive, 1034 surface drift - 
bottles were set afloat over the sea areas indicated on Figure 18. This total represents 
the sum of the denominators of the fractions entered upon the chart. The numerators 
of these fractions denote the numbers of recoveries subsequently recorded in respect 
of the liberations performed throughout the year within the given rectangles. As 
before pointed out, these rectangular sea areas are conveniently defined, with refer- 
ence to a key chart such as Figure 18, by the letters at the head of the meridianal 
columns in conjunction with the appropriate numerals signifying horizontal rows, 
each of thirty minutes latitude. For example, Fair Isle, situated almost midway 
between Shetland and Orkney, lies within the rectangular area C18. 

As a result of all the liberations of 1911, 272 were recovered, 
a percentage return of 26.3, practically the same as that of the previous year. Since 
also the corresponding numbers -that is, of liberations and recoveries- are.so nearly 
alike, it will serve a useful purpose to compare, statistically, the data for the two 
years 1910 and 1911, before passing to the more detailed cartographical analysis of 
the 1911 results. 

First of all, as regards the liberations, Table II. shows that, whereas in 1910 
little more than one -third of the total number of bottles set adrift throughout the 
year was despatched from points within the Regional Areas D and E (Figure 1), 
considerably more than half of the work of 1911 was carried out in those areas. 
In consequence, it is to be expected that, of the total number of recoveries resulting 
from the experiments of each year, the records for 1911 will include a greater pro- 
portion of British east coast returns than those for 1910. Actually, the reverse is 
the case, the percentages being 25.4 and 40.3 respectively. 

On the basis of Fulton's well -known diagram of the general cyclonic surface 
water circulation of the Northern North Sea, it may be argued from the above facts 
that the westerly set, towards the British east coast, of the surface waters on the 
western side of the North Sea, was considerably less in 1911 than during the previous 
year. This matter is of fundamental importance to the ensuing analysis and is 
therefore investigated in greater detail at this stage. 

A study of Tables III. to IX. and also, for information relative to the Regional 
Liberation Area A, of the Table of Data,* shows that, as regards 1910, an appreciable 
number of the British east coast recoveries emanated from liberations outwith the 
Regional Areas D and E. In percentage form the following table gives, in respect 
of each, year and area, the ratio of the British east coast recoveries resulting from 
the liberations performed within the Area to the total return for the year. 

* Appendix to Fisheries, Scotland, Sci. Invest., 1930, II. 
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TABLE XXIV. 

D E 
1910 . . 7.3 20.1 
1911 . . 9.2 15.4 

The combined percentage for 1910 is thus still in excess of that for 1911, but, 
from the above figures, the anomaly of the latter year would appear to be restricted 
to the experiments begun in the Regional Area E, and hence to the coastline south 
of Rattray Head, Aberdeenshire ; for Table VI. shows that no bottle from the 
Regional Area in question stranded on the western shores of the North Sea to the 
north of this headland. Yet another distinguishing feature of the results for the 
two years, however, although in great measure directly associated with the above, 
precludes the exclusive affirmation of this statement regarding the British east 
coast recoveries of 1911. 

A significant proportion of the corresponding recoveries accruing from the 1910 
experiments took place upon the eastern shores of the Orkney and Shetland Islands, 
including Fair Isle. (These are the returns which, in the majority, refer to libera- 
tions outwith the Regional Areas D and E.) The same contingency is much less 
evident in the 1911 records, as can be seen from a perusal of Tables III. to IX. In 
fact, in the latter year, only eight drifters were picked up on the above shores, as 
against 35 in 1910. Thirty of the 1910 recoveries belong to experiments begun in 
the month of May in that year and reference to the cartographical analysis of this 
month's results (Figure 9) will show the peculiar system of surface water movement 
which evidently accounted for the majority of these returns. Now in May 1911, 
practically the same regions were visited for the purpose of liberating drift -bottles, 
as a year previously, but, although the total percentage return is almost identical 
with that for 1910, namely, 25 per cent., no similar concentration of recoveries on 
the eastern shores of the Orkney and Shetland Islands resulted from the second 
year's experiments. The anomaly of the comparative dearth of British east coast 
recoveries during 1911 may therefore be extended to include the two groups of 
islands to the north of the mainland of Scotland. Incidentally, it should be noted 
in approaching the cartographical analysis of the 1911 records, that the surface 
water circulation apparently characteristic of the North -Western Area of the North 
Sea in the summer of 1910 does not appear to have been repeated a year later. 

With regard, however, to the Regional Liberation Area D, in Table XXIV., 
the excess of the 1911 percentage of British east coast returns over the corresponding 
ratio for 1910 is yet to be explained. 

In connection with those British recoveries already discussed it will be observed 
that the shores of the Moray Firth remain specifically unmentioned. A glance at 
Table V., column 4,* shows that, from liberations in Area D.during 1910, only one 
bottle stranded on the Moray Firth coastline, whereas, in the next year, no fewer 
than 17 drifters were returned from this district. Consequently, in view of the 
above inferences relative to a pronounced easterly trend of at least off -shore surface 
waters on the western side of the North Sea during 1911, it is doubtless from experi- 
ments inaugurated and completed within this bight of the Northern North Sea that 
the 1911 percentage in Table XXIV. is derived. This is the more readily understood 
when it is recalled that the 1910 analysis demonstrated the existence of a small 
gyratory movement of the surface waters in the inner reaches of the Moray Firth 
(the Moray Firth Eddy), with which the above -mentioned easterly trend of the more 
open -sea waters in 1911 would probably not interfere to an appreciable degree. 

A final point of difference between the east British coast records for the two 

* For the significance of column numbers see pp. 13 and 14 of Fisheries, Scotland, Sci. Invest., 
1930, II. 
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years concerns the southerly limit of recoveries on the western North Sea seaboard. 
From the 1910 experiments two drifters were found on the English coast south of 
latitude 54° N. No such record appears among the 1911 data. 

The above evidence pointing to a marked " carry -away " of the surface water 
from the western side of the Northern North Sea during 1911 leads to the examination 
of the Continental recoveries, upon which, it appears, much of the interpretation of 
the 1911 records will depend. 

In relation to the scarcity of British east coast recoveries from the second year's 
experiments, it will be recognised that an alternative to a larger proportion of 
strandings upon the eastern shores of the North Sea is, that the bulk of the 1911 
returns came from the higher latitudes of Norway. It will be well, therefore, to 
know in the first place what proportions of the total recoveries for each year were 
effected on eastern North Sea shores (north to Lat. 62° N.), including in this 
category strandings upon the Danish, Swedish and Norwegian coasts of the Skagerak. 
These quantities, in percentage form, are given in the following table under the 
appropriate Regional Liberation Areas. 

TABLE XXV. 

EASTERN NORTH SEA AND SKAGERAK RECOVERIES. 

Percentages of Total Returns for Each Year. 

A B C D E H J K M 
1910 . . 0.7 2.0 1.0 10.2 2.6 2.0 4.0 0.7 9.6 
1911 . . 0.0 0.4 0.7 18.0 4.4 11.8 5.1 0.7 2.9 

There are two major contrasting features of Table XXV. which are worthy 
of fuller treatment. 

Relative to liberations carried out to the west and north of Shetland, Orkney 
and the Outer Hebrides (Areas A, B and C) the proportion of 1911 drifters which 
finally beached upon eastern North Sea and Skagerak shores is decidedly less than 
that recorded in respect of the previous year. Tables III. and IV. show that the 
same applies to the British east coast returns emanating from these areas, although, 
it must be observed, actually fewer bottles were " laid down " in the second year. 
Nevertheless, the region was visited in the months of May and August in both years 
and the anomaly is quite appreciable, especially as regards the Regional Area B. 
Alternative explanations are possible and their consequences are to be borne in 
mind in the cartographical investigation of the histories of the bottles in question. 

Either, as regards 1911 in contrast to 1910, a proportionately smaller number 
of drifters from the region to the west of Orkney and Shetland found access into the 
Northern North Sea, or, in the second year (1911), conditions were less favourable to 
the stranding of drifters upon North Sea or Skagerak shores. The latter hypothesis 
is conclusively refuted by the entries in Table XXV. under the North Sea Regional 
Areas. 

On the basis of the former explanation, especially with reference to the Regional 
Areas A and B for which the above anomaly is greatest, it would appear as though, 
once again, in the superficial stratum at least, a direct current -connection by way 
of the channels separating Scotland from Shetland, between the waters of the Faroe - 
Shetland Channel and the North -Western Area of the North Sea, could not have been 
maintained for any length of time between the months of May and possibly Septem- 
ber 1911. It is on record, however, that several drifters liberated in Regional Areas 
B and C during May and August 1911 cruised into the Northern North Sea. Their 



routes, -therefore, doubtless lay through the southern reaches of the Norwegian 
Sea, thence southwards into the North Sea between Shetland and Norway. In this 
connection it is significant that, in both years, drifters were found on eastern North 
Sea or Skagerak shores which originated within the Regional Area K, thus suggesting 
a similarity in at least the direction of flow of the surface water drift over the northern 
edge, of the Continental Shelf. 

To return to Table XXV., a second significant feature of the data given there 
is, as indicated above, the relatively greater number of recoveries effected on the 
eastern side of the North Sea as a result of the 1911 liberations in all North Sea 
Regional Areas, excepting Areas K and M. A further comparison of the results for 
the two years, treating the recoveries in more detail, yields valuable information. 
The comparison may be based upon Tables I. to XI., the material of which is classified 
according to specified sections of the entire coastline upon which recoveries were 
effected. The data relevant to the present discussion are extracted from these tables 
and rearranged in Table XXVI. Both the numerical return and, to serve as a guide, 
this value as a percentage of the total recoveries for the year, are given in respect 
of each year and coastal section. 

TABLE XXVI. 

Eastern North Sea 
Coastal Sections. 

1910 Experiments. 1911 Experiments. 

No. of 
Recoveries. 

Percentage 
of Total 
Return. 

No. of 
Recoveries. 

Percentage 
of Total 
Return. 

Mouth of River Elbe to Blaavand- 
shuk . 

Blaavandshuk to Hantsholm 

East of line joining Hantsholm and 
Lindesnaes, i.e. Skagerak shores 

Lindesnaes to latitude 62° N. . 

21 

20 

52 

6 

6.9 

6.6 

17.2 

2.0 

2 

23 

69 

26 

0.7 

8.5 

25.0 

9.6 

The most striking characteristics of Table XXVI. are the disparities between 
the numbers of recoveries which took place, firstly, on the Danish and Schleswig - 
Holstein coasts south of Blaavandshuk and secondly, on the Norwegian coast 
between Lindesnaes and latitude 62° N., that is, practically on the North Sea section 
of the Norwegian coast. The differences between the returns from these two coastal 
districts, it will be observed, are in opposite senses. 

The fact that fewer 1911 bottles stranded on the coast between the mouth of 
the River Elbe and Blaavandshuk than was the case in regard to drifters liberated 
the year before, might, at a first reading, be correlated with the like result that 
several 1910 bottles were beached somewhat farther south on the English coast 
than were any of the recoveries from the second year's liberations. On the assumption 
that, in its broader features, the surface water circulation of the Northern and Middle 
North Sea Areas was essentially the same in both years, the joint circumstances 
might be taken to denote the operation in 1911 of a cyclonic circuit of smaller longi- 
tudinal dimensions than those which characterised the same system a year earlier. 
The suggestion receives a measure of support from the second great anomaly of 
Table XXVI., namely, the excess of 1911 recoveries over those registered in 1910, 
on the Norwegian, coast between Lindesnaes and latitude 62° N. As will be shown, 
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however, in the final section of this report, another explanation, based on certain 
indications afforded by the analysis of the 1910 material, can be advanced in relation 
to the latter phenomenon. 

Moreover, a closer scrutiny of the 1910 data reveals the important fact that 
none of the 21 recoveries on the Danish and Schleswig- Holstein coast took place in 
the year 1910 at all. The two southernmost English coast recoveries belonging to 
the experiments of that year and effected south of latitude 54° N. occurred in the 
month of July 1910, but the earliest record from the above part of the Continental 
coast was dated the 29th of January 1911. Between this date and the 16th of March, 
seventeen 1910 bottles were picked up in the same region. These 17 bottles were set 
afloat between the middle of May and the middle of June 1910, mainly on the western 
side of the Northern North Sea. All of them were despatched north of latitude 57° N. 
and west of longitude 2° E. In only one case can it be said that the bottle was put 
out within the compass of an eddy movement. In other words, these drifters were 
liberated in the early summer of 1910 in " straight " streaming waters, which, 
according to the analysis of contemporaneous records for the region concerned, were 
flowing with a velocity of at least 12 miles per day. Notwithstanding, the above 
17 drifters undoubtedly were held up at sea for no less than seven or eight months. 
The question of their having lain upon the beach for any length of time hardly arises, 
on account of their numerical strength, coupled with the degree of consistency 
evident among their drift -periods. The latter point is especially remarkable as these 
periods are of such great magnitude. 

There can be little doubt that the above circumstances have an intimate bearing 
upon the surface drift of the North Sea generally in the first months of 1911. Fortu- 
nately the Scottish experiments were begun early in that year, the liberations carried 
out during the month of February 1911 covering a wide area of the Northern North 
Sea. As will be evident later, an explanation is forthcoming, from the analysis of 
these and other results for the year, of the concentration of 1910 bottles washed 
ashore in the south -eastern corner of the North Sea during the above- mentioned 
seven weeks. In passing, it may be well to observe once more that the first three 
months of 1911 are notable for yet another concentration of recoveries of 1910 drifters, 
namely, on the shores of the Skagerak. 

The second point of difference presented by the data of Table XXVI. is, as 
already indicated, the increase in the number of returns recorded from the south- 
western coast of Norway as a result of the 1911 liberations. In discussing the obvious 
scarcity of 1910 strandings upon this coast, it will be recalled that an apparent 
characteristic of the Great Northern North Sea Eddy, as regards the issue of drifters 
from its dominant influence, was cited by way of explanation. Arguing " back- 
wards," as it were, the 1911 results suggest some radical difference in the effective 
operation of this eddy in that year. This matter also should be noted in approaching 
the cartographical analysis of these records. 

Recoveries on the Danish coast between Blaavandshuk and Hantsholm on the 
north -west corner of the Jutland peninsula were almost numerically equal in the 
two years under review. Skagerak returns from the 1911 experiments show a slight 
increase over those pertaining to 1910 and the only point which may be further looked 
into now is whether a " blank " period, similar to that noted in respect of the last 
quarter of 1910, occurred in the year following. This is the purpose of Table XXVII. 

[ TABLE XXVII. 
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TABLE XXVII. 

1911 LIBERATIONS. 

Time -Distribution of Skagerak Recoveries. 

Month 
of 

Liberation. 

Month of Recovery. 

1911 
Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1912 
Jan. Feb. Mar. 

February . . 4 10 2 5 2 1 - 2 1 - 1 3 
March . . 1 - - - 
April. . . - - - - 1 2 3 2 - - - - 
May . . . 1 3 1 - - - 1 

June . . . 1 1 1 - - - - 
July . . . 2 1 6 - - - - 
August . . 3 - - - - 

Totals . . 4 10 2 5 3 7 8 15 2 - 1 4 

As stated above, numerous Skagerak recoveries were registered in the first 
three months of 1911. Table XXVII. clearly demonstrates that this class of return 
was well maintained throughout the remaining months of the year, with a tendency 
to fall off in December. The two December returns were made on the 10th and 11th 
days of the month respectively, one from Lindesnaes and the other from just a few 
miles east of that point -really hardly within the Skagerak at all. The single re- 
covery tabulated under February 1912 was effected on the 29th day of that month, 
so that this instance might be included among the March 1912 returns. Incidentally 
its drift -period embraced more than twelve months, the bottle in question having 
been liberated within the Regional Area E on the 11th of February 1911. 

There would thus appear to have been a complete cessation of these Skagerak 
strandings, again over a period of three months, from the beginning of December 
1911 until the end of February 1912. While this inference from the data is probably 
substantially true to fact too much stress cannot be laid upon it for the following 
reason. 

The last liberations of 1911 to yield Skagerak returns were those of the month 
of August and although operations in the North Sea were continued in the next 
two months, no further Skagerak recoveries ensued. The work of September and 
October 1911, however, was carried out practically on the extreme western border 
of the Northern and Middle North Sea Areas. In these coastal regions local idiosyn- 
crasies of drift play at times a predominant part, allowing few if any bottles to 
escape towards the open sea. 

Nevertheless, in view of the system of surface drift which, according to the 
1910 analysis, generally operates within the above areas as a whole, it is somewhat 
surprising to find that, although the liberations of September 1911 in the area ad- 
jacent to the mid -east Scottish coast resulted in no less than 15 Norwegian coast 
recoveries between latitudes 60° and 70° N., no Skagerak return appears in the 
records of these experiments. 

A final point, of no small significance, which arises from the data of Table XXV., 
is the previously noted peculiarity of the entries under the Regional Liberation 
Areas K and M, when these are compared with the corresponding figures pertaining 



II 

to the remaining North Sea Regional Areas. As regards Area K the percentage 
return from eastern North Sea and Skagerak shores was the same in both years. 
Liberations in Area M, however, resulted in relatively fewer recoveries of this de- 
nomination in 1911 than was the case in 1910 -just the reverse of the state of affairs 
noted in respect of liberations in Areas D, E, H and J. 

Table IL furnishes the reason for this apparently singular difference as regards 
Area M, in that only one -sixth of the number of bottles there set adrift in 1910 was 
despatched in the same area in the year following. Nevertheless, in conjunction with 
other factors, it is unfortunate from the point of view of the interpretation of the 
1911 records that the area in question was visited in only one month of that year 
and that so few bottles were set adrift. Moreover, none of the eight recoveries en- 
suing from the experiments begun there in July 1911 registered a drift -period com- 
parable for brevity with the shortest of those recorded in respect of returns from the 
liberations of April 1910 over the Great Fisher Bank. 

Among the other factors above referred to is the conjugate one of such a large 
share of the work for 1911 having been inaugurated in the Regional Areas on the 
western side of the North Sea, greatly diminishing the probability of the occurrence 
of a sufficient number of short- period Continental recoveries upon which to base 
the analysis of the others. It will be recognised that this is a crucial matter, affecting 
fundamentally the means of investigation as adopted in the analysis of the 1910 
material. From the report upon that work it is evident that, for a satisfactory 
interpretation of drift -bottle records on the lines given, at least a limited number of 
relatively short -period returns, fulfilling the rôle of " indicators " as to the scheme 
of things in a specified area and for a particular epoch, is essential. 

Briefly, it may be stated that, in a preliminary survey of the 1911 material, the 
deficiency in this respect was found to be so pronounced as to necessitate a modi- 
fication of the method of analysis as applied to the 1910 data. Eventually there was 
devised a method which is really an amplification of that utilised in the earlier 
examination and one which tends to an even more detailed and exacting analysis 
of the records. 

As already mentioned the method which has been adopted in these analyses of 
drift -bottle records rests fundamentally on the short -period return which can be 
relied upon to give a fairly accurate estimate of the average direction and velocity 
of the bottle's drifting in the interval between its despatch and recovery. Having 
in mind the numerous complexities in the surface water circulation apparently 
characteristic of the Northern and Middle Areas of the North Sea, not all relatively 
short -period returns can be accepted as guides to the system of drift prevalent at a 
particular time. Accordingly, in the case of the 1911 results, the earliest and most 
dependable record from which these particulars could be deduced was sought and 
the derived velocity- estimate entered upon a time -velocity diagram constructed on 
the basis of the 1910 results. From the curve so obtained and subject to certain 
limiting assumptions suggested by the data, other velocities were evolved and tested 
by their fitness to elucidate the histories of longer -period and, in part, contemporarily 
drifting bottles. 

Before entering upon the actual practice of the method, however, it will be 
necessary first of all to furnish the following addendum to the 1910 report :- 

ADDENDUM TO THE REPORT * UPON THE 1910 DATA. 

From the primarily significant returns upon which the analysis of the 1910 
material is based it is possible with the aid of certain assumptions to construct a 
time- velocity curve. 

* Fisheries, Scotland, Sci. Invest., 1930, IV. 
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The first assumption is that the selected instances be taken to represent the 
surface water circulation of the Northern North Sea as a whole and the second, that 
the mean velocity estimated for the epoch embraced by the drift -period of each 
recovery was, in fact, the actual velocity of the surface drift on the mid -date of that 
epoch. 

Only such instances are selected which involve no repeated retrogression in the 
routes followed by the bottles and which to all appearances are normal. With the 
requisite data for the construction of the curve (Figure 19), these instances are given 
in Table XXVIII. 

TABLE XXVIII. 

Unique Time - Velocity Data for 1910. 

Liberation 
Station. 

.Drift- Period 
of 

Recovery. 

Inclusive Dates 
of (a). 

Mid -date 
of (b). 

Estimated 
Mean 

Velocity. 

Day /Month. 
(b) 

Day /Month. Days. 
(a) 

Miles per Day. 

Apri110l . . 22 13/4- 5/5 24/4 10.9 
Apri11 2 . . 24 15/4- 9/5 27/4 11.0 
May 101 . . 14 11/5-25/5 18/5 12.5 
May104 28 12/5- 9/6 26/5 12.7 
May1049 . . 13 30/5 -12/6 5 -6/6 12.7 
Apri1106 . . 51 9/6 -17/6* 13/6 12.75 
June101 10 15/6 -25/6 20/6 12.5 
August10l . 207 8/8 -29/9t 3/9 8.0 
September101 . 71 27/9- 7/12 1 /11 6.5 
December101 . 4 7/12 -11/12 9/12 5.0 
December108 . 57 8/12- 3/2 5 -6/1 5.5 

It is, of course, obvious that, in the cases of the longer -period bottles of 1910 
-those which for the most part are tabulated throughout the report and which are 
analysed on the basis of the velocities derived from the short -period " indicators " 
-the above principles cannot be applied with the same degree of accuracy. By 
treating with greater precision the periods represented by the various sections of the 
estimated routes, however, an attempt is made in the ensuing analysis to elucidate 
the history of every really significant recovery in conformity with a time -velocity 
curve. This applies mainly to drifters which were delayed in their sea -passages by 
reason of eddy influence. 

CARTOGRAPHICAL ANALYSIS OF THE 1911 RECORDS. 

The cartographical analysis of the 1911 records may now be proceeded with as 
before by treating each month's experiments separately in the first instance. As, 
however, the preliminary survey of the data clearly demonstrated that the inter- 
pretation of the results accruing from the February liberations depended upon the 
construction put upon those registered in respect of the following month and as the 
latter results, independently, are more conclusive on the whole than the former, the 

* Only that part of the route between the point A (Figure 4) and the point of recovery. 
t From the liberation station to the southern end of the Fladen Ground (Figure 11). 
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experiments begun during the month of March 1911 are accordingly given first place 
in this report. 

March Liberations. 
During the month of March 1911, ten drifters were liberated from each of eight 

points in the waters off the Scottish east coast. The first station, operated on 
the 14th day of the month, was situated over Smith Bank in the Moray Firth ; 

the remaining seven, visited on the 21st, 28th and 29th of March, being distri- 
buted over the area between the parallels of 56° and 57° N. latitude and west 
of longitude 1° W. 

From only three series of liberations, namely, those at Stations 6, 7 and 8, were 
recoveries ultimately effected on other than British coasts and these, being very long - 
period bottles, require no further comment save that, almost certainly, they drifted 
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Figure 20. 

across the North Sea by way of, in the first instance, the South -West Dogger Bank 
Eddy. This inference follows from the analysis of the remainder of the results for 
the month. 

Five drifters from the series despatched at Station 1 were recovered in two 
groups, within a few miles of each other, on the east coast of Sutherlandshire, Scot- 
land ; the first group of two bottles being picked up after five days' and the remaining 
three after six days' freedom. 

The minimum average rate of drift deducible in respect of the 5 -day recoveries 
is one of almost 7-k miles per day, over a course of 37 miles represented by the straight 
line joining the points of liberation and recovery. It is to be observed, however, that 
such a passage takes no cognisance of the possible operation in the inner waters of 
the Moray Firth of the small eddy hitherto called the Moray Firth Eddy, which, 
if actually functioning during the third week of March 1911, was doubtless so situated 
that Station Marchlll lay on or near its periphery. In this event, bottles liberated 
at the point in question would tend to follow, on the outside of the system probably, 
the contour of the eddy boundary, gradually drifting away from it as shown in 
Figure 20. Thus, for the 5 -day bottles,' a maximum route of about 60 miles may be 
postulated, entailing an average drift -speed of 12 miles per day. It is obvious from 
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the chart how, on the latter hypothesis, a further 12 miles might be accomplished 
in the extra day by the three drifters found at Goispie. 

It will now be demonstrated that the acceptance of a velocity of the above order 
of 12 miles per day is essential to the satisfactory explanation of the British coast 
recoveries accruing from the liberations at Stations March112 to 6. 

The recovery during April and the first week of May 1911 upon the British 
east coast between the mouth of the River Tay and Holy Island, Northumberland, 
of 26 drifters which originated at Stations March112 to 6, is interesting in comparison 
with the result of an experiment begun in the same area some six weeks previously. 
From the earlier series of liberations only one bottle stranded, also in April, upon 
the British east coast, the remainder apparently being carried away from the western 
side of the North Sea. 

The February bottle was beached near Whitby on the Yorkshire coast, that is, 
just outwith the limit of Figure 21. The March bottles, on the other hand, stranded 
somewhat farther north than this and, with reference to the localities of their strand- 
ing- places, they fall into two groups. One batch, comprising 12 bottles belonging 
to the series despatched at Stations 3 and 4, was returned from the vicinity of Holy 
Island, while the other group, made up of 14 drifters from Stations 2, 5 and 6, was 
found on Fife Ness and the section of the Haddingtonshire coast between Cockenzie 
in the Firth of Forth and Skateraw, a few miles south of Dunbar. This division of 
the recoveries into two groups corresponds with the longitudinal disposition of the 
liberation- stations, the more northerly group of recoveries resulting from the westerly 
or coastal liberations (Stations 2, 5 and 6), while those from the neighbourhood of 
Holy Island emanated from the more seaward stations, numbers 3 and 4. 

The suggestion implied by these circumstances is that the histories of the drifters 
from Stations 2, 5 and 6 are distinct from those of the bottles set afloat at Stations 
3 and 4. It may be said at once that, on these premises and with due regard to the 
maintenance of consistency in the mean direction and velocity of the surface drift 
in the region involved, the cartographical reconstruction of the routes of the several 
drifters is impracticable. The source of the difficulty lies in the fact that both short 
and long -period recoveries occur in each of the above -defined groups of strandings. 
The contemporaneous parts of these periods cannot all be accounted for, on the 
basis of a uniform rate of drift, by routes which do not seriously conflict with one 
another in time and direction, thus transgressing one of the fundamental concepts 
of this analysis. 

By analogy with much of the 1910 analysis and in consideration also of the 
limited extent of the entire area embraced by those of the March 1911 experiments 
presently under discussion, the fact that the recorded drift- periods cover a fairly 
wide range is indicative of some form of complication in the courses pursued by the 
drifters. The instance of the February bottle recovered only in April along with the 
above March bottles supports this inference. By the same analogy the influence 
of an eddy system immediately suggests itself and it will be recalled that the examina- 
tion of similar records for 1910 demonstrated the existence, under ordinary cir- 
cumstances, of a closed anticyclonic circulation in at least the surface waters of the 
area under survey. The eddy, or swirl, has in fact been referred to as the Mid -East 
Scottish Coast Eddy and is represented, on Figure 15 for instance, as an elliptically - 
shaped system, the major axis of which extends from the latitude of Fife Ness nearly 
to that of Aberdeen. 

Now a feature of the 1910 analysis was that conclusions regarding the existence 
of an eddy in any region traversed by drifters were arrived at from a consideration 
of the drift- periods involved. Depending upon the availability, or otherwise, of a 
unique record from which an estimate of the direction and velocity of the drift can 
be obtained, two distinct cases arise. With a velocity- estimate upon which to base 
calculations, few records are generally required to demonstrate the operation of an 
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eddy. On the other hand, as under the present circumstances, where no vector 
can be directly obtained, more numerous returns are necessary to establish the 
existence of a swirl in the area through which the drifters have passed. Provided 
this condition is fulfilled it is generally possible to observe traces of some system in 
the times of stranding of the bottles concerned if their sea -passages have been appre- 
ciably influenced by a gyratory movement. 

We are thus led to examine the returns from the March 1911 experiments from 
the standpoint of the relative magnitudes of their drift -periods. 

First of all, consider the two Fife Ness strandings. It will be observed that the 
shorter drift -period is seven days, and that the difference between the two drift - 
periods is 22 days, or three weeks practically. In actual fact only two weeks separate 
the dates upon which these recoveries took place, since liberations at Station 2, 
from which the longer -period bottle originated, were carried out eight days in advance 
of those performed at Station 5. Even this difference of two weeks, however, the 
orientation of the respective .liberation- stations relative to Fife Ness is insufficient 
in itself to explain. 

Nevertheless, these considerations suggest something not altogether fortuitous 
in the times of stranding of the two bottles in question. A similar indication is 
conveyed by the drift -periods, taken in order, of all five Station 2 returns. It seems 
significant that, no less than twice, an interval of about one week should elapse 
between successive strandings from liberations at Station 2, especially since all the 
recoveries concerned took place in the region of the entrance to the Firth of Forth, 
that is, within 20 miles of one another. Again, in respect of liberations at Station 3, 
all the recoveries from which were concentrated about the vicinity of Holy Island, 
there occur two intervals between successive strandings, one of nine days and the 
other of fourteen days. Among the Station 4 results also, this factor of weekly 
intervals is quite apparent. Averaging the first four drift -periods and subtracting 
the result from the mean of the two last periods the difference is, within half a day, 
twenty -one days. The six bottles were again found in close proximity to one another. 

Obviously some systematic complication in the routes taken by the drifters is 
indicated by these investigations and from previous knowledge this complication 
may be put down to the Mid -East Scottish Coast Eddy. 

To carry the analogy of the 1910 analysis still further the above -mentioned 
common factor of one week, or seven days, may be taken meantime to denote the 
quantity which has been termed the Period of Circuit of the complex, that is, the 
number of days required by a bottle to cruise once round the system. In this con- 
nection there is one amongst the March 1911 returns which is highly significant, to 
all appearances establishing the validity of the above inference. This is the 7 -day 
Station 5 recovery (75) on Fife Ness. Observing the position of Station 5 and assuming 
in the adjacent waters the existence of an approximately circular eddy, the circum- 
ference of which passes close to the position of this liberation -station, it is evident 
that the swirl could have been of such a size that the bottle found on Fife Ness would 
have regained the vicinity of its starting -point in seven days had it continued to 
cruise round the periphery of the system instead of " sheering off " towards the land. 

Even, however, if these conditions be accepted as applicable in the present 
case we are still not in a position to proceed far with the examination of the March 
1911 records. Some idea of three important characteristics of the eddy must first 
of all be obtained. These are (i) its position at the time of these experiments ; (ii) 
its plan or shape ; and (iii) its superficial area. All three factors are in greater or 
less degree dependent upon the mean surface drift- velocity at the time and it has 
already been remarked that a reliable vector is not directly deducible from the 
data under consideration. Assuming, however, that an estimate of the drift -velocity 

, has been obtained, several observations can be made in relation to the above factors 
concerning the Mid -East Scottish Coast Eddy. 

As regards the position of the system at the time in question a first clue has 
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already been given by the above argument relative to the 75 recovery on Fife Ness. 
Within limits, the position of the swirl is defined by the route pursued by this bottle, 
the length of the route depending of course upon the velocity of the bottle's passage. 
But other three 7 -day recoveries are recorded against Station 5. All three 
bottles stranded at the same place on the south side of the Firth of Forth estuary and 
therefore, no doubt, followed the same route. Clearly, then, the swirl must have 
been so placed that the two routes from Station 5, one to Fife Ness and the other to 
the vicinity of North Berwick, were equal in length and there is reason to believe 
that appreciable sections of these routes were coincident. This narrows down the 
possible limits of the eddy's position very considerably. The simplest solution of the 
problem of the two courses is that the bottles concerned approached the Firth of 
Forth from a point to the eastward of its entrance, this point to be regarded also 
as the point of divergence of the two routes. Consequently, it may be taken that 
the southern limit of the circulatory system was marked approximately by the 
latitude of May Island, which is situated some six miles southward of Fife Ness. 

In estimating the shape of the eddy there are two features of the data which, 
in conjunction with the relative positions of the liberation -stations concerned, should 
be taken into account. Firstly, it is to be observed that the most easterly station 
from which drifters apparently cruised into the complex is Station 4 ; and secondly, 
that no drifter from Station 7 seems to have participated in the gyration. The latter 
circumstance practically rules out the elliptical eddy represented on Figure 15, 
despite the fact that drifters belonging to Station 6 are to be included among those 
affected by the complication. From these considerations it is deduced that the 
plan of the swirl was approximately circular during the month of March 1911. 
Evidence derived from later experimental results for the year again points to this 
conclusion in respect of a later period. 

Lastly comes the question of the size or superficial dimensions of the swirl. It 
is immediately obvious that, without an evaluation of the velocity of the drift in 
conjunction with the Period of Circuit of seven days, this characteristic cannot 
readily be estimated. Falling back upon the analysis of the Moray Firth coast 
recoveries from Station Marchlll, it is there indicated that the drift -velocity lay 
between the values of 72 and about 12 miles per day. It will be made clear in the 
sequel that, within very narrow limits, the acceptance of a mean velocity of 12 
miles per day is essential to a satisfactory account of the 26 returns from the British 
coast south of the River Tay. 

On this basis and with due observance of the foregoing conditions, Table XXIX., 
in conjunction with the appropriate curves on Figure 21, furnishes the histories of 
the bottles in question. The figure is divided into four sections to obviate confusion 
among the curves. 
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TABLE XXIX. 

MARCH 1911 LIBERATIONS. 

British East Coast Recoveries south of River Tay. 

Recovery. 
Number of 
Complete 
Circuits 
of Eddy. 

Total 
Mileage 

of 
Course. 

132 0 156 
142 0 168 
152 0 180 
212 1 252 
292 3 348 

4(112)* 0 132 
203 1 240 
343 3 408 

2(134) 0 156 
2(154) 0 180 

334 3 402 
38, 3 456 

4(75) 0 84 
95 0 108 

105 0 120 
125 0 145 
125 0 144 
295 3 348 

Taking into account the axiom relating to cross -drifts which underlies the whole 
of this work, the directional consistency of the various courses given on Figure 21 
might be questioned as regards the entry into the Mid -East Scottish Coast Eddy of 
the Station 4 drifters, apparently in opposition to the drift indicated by the routes 
taken by some of the earlier escapes from the dominant influence of the swirl. In 
order to test this point the courses of all bottles to the line AB were measured and 
the dates calculated upon which, at a speed of 12 miles per day, the several drifters 
would cross this line. The Station 4 drifters would pass over the region in question 
on the 29th or 30th of March and, except for the three earliest returns from the 
Station 2 series, it can be shown that none of the other 23 drifters would cross AB 
before the 2nd of April. Even the three short -period Station 2 returns, however, 
do not conflict with the Station 4 bottles, because, on the same basis, the line AB 
would be crossed on the 26th of March, thus leaving an interval of three or four 
days, during which, there seems no reason to doubt, the direction of the surface 
drift in the small area concerned altered temporarily in the manner indicated by the 
graphical results of these investigations. In other words, concerning the small sea 
area about the line AB, the above results show a small oscillatory motion in the 
direction of flow of the surface drift -stream on the eastern boundary of the eddy, 
from about southerly on the 26th of March to south -westerly some two or three days 
later and back again to a southerly flow on the 2nd of April. Apparently it is to 
this oscillation and perhaps also to a shifting of the swirl that the division of the 
stranding- places into two groups is to be attributed. 

At this stage there arises an important point bearing upon the above accepted 
speed of the drift off the east coast of Scotland during the months of March and 

* i.e. Four bottles originating at Station 3 and returned after 11 days each, 
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April 1911. Arguing from a drift -speed of a little less than 12 miles per day an 
eddy of correspondingly smaller circumference would of course follow. To the same 
extent the lengths of the routes assigned to the four shortest -period Station 5 re- 
coveries would be diminished. Nevertheless, although these two factors are taken 
to be directly associated -the charting of the routes leading at once to the placing 
of the swirl -it is evident that the above changes do not necessarily affect the position 
of this system as gauged by that of its centre. From the standpoint of the present 
discussion then, the important consequences of these conditions are that, while the 
routes of the Station 5 drifters to the new region AB would be shorter, those of the 
Station 4 bottles would be longer than denoted on the chart, Figure 21, thus tending 
to the convergence of the dates upon which the bottles in question would cross one 
another's tracks. On the strength of the axiom relating to cross -drifts such a position 
is untenable. 

On the other hand, the interval between the two events might be increased by 
increasing the speed of the drift taken as a basis for measurement and calculation, 
but here again a limit is set by those of the Station 2 drifters which, without com- 
pleting a circuit of the Mid -East Scottish Coast Eddy, proceeded southwards from 
the area across which the Station 4 bottles passed into the southern periphery of the 
circulation. This limit can be put at about 122 miles per day. 

Before passing from these results to the examination of those pertaining to the 
experiments of February 1911, it may be observed that a feature of Figure 21 is the 
implication of a coastal drift northwards along the coasts of Northumberland and 
the south -eastern Scottish counties to the Firth of Forth estuary. The recovery of 
a February bottle on the 10th of April at Whitby on the Yorkshire coast suggests 
that this anomaly, as part of a larger system of surface drift having its nucleus in 
the Mid -East Scottish Coast Eddy, extended southwards at least as far as the mouth 
of the River Tees. 

February Liberations. 

Series of five, ten and, in one instance, twenty bottles were set adrift between 
the 10th and 19th days of the month from 18 points in the North Sea to the west 
of longitude 2° E. and between latitudes 56° and 59° N. 

In respect of two stations no returns are recorded. Only one drifter is known 
to have stranded upon the British east coast. This fact is somewhat remarkable in 
view of the positions relative to the Scottish coast of at least six of the liberation - 
stations which are set out in Figure 22. 

The above phenomenon, associated with the results of the experiments launched 
in the month of February 1911, furnishes the first indication for the year of the 
pronounced easterly trend of the surface waters from the western side of the Northern 
North Sea, as deduced from the preliminary statistical treatment of the data forming 
the Introduction to this analysis. 

The distribution of the Continental recoveries is as follows :- 
West Danish and Schleswig- Holstein coasts south of Blaavandshuk , . 2 
West Danish coast between Blaavandshuk and Hantsholm 12 
North -West Danish coast between Hantshohn and the Skaw 13 
West Swedish coast north of latitude 57° 30' N. . 14 
South Norwegian coast, east of Lindesnaes _ 6 
Norwegian coast between Lindesnaes and latitude 60° 10' N. . 2 
Norwegian coast north of latitude 63° 30' N. . . . 3 

Thus, more than half of the total number of bottles recovered as a result of 
the month's liberations were returned from within the Skagerak. Table XXX. 
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gives to within 15 or 16 days the time -distribution of the recoveries effected in this 
region and on the Danish coast between Hantsholm and Blaavandshuk, throughout 
the year 1911. 

TABLE XXX. 

FEBRUARY 1911 LIBERATIONS. 

Recoveries on Skagerak Shores and the West Danish Coast north of Blaavandshuk. 

Time -Distribution. 

Station 
No. 

Period of Recovery. 

Apr. May June July Aug. Sept. Oct. Nov. Dec. 

16-30 1 -15 16-31 1 -15 16-30 1 -15 16-31 1 -15 16-31 1 -15 16-30 1 -15 16-31 1 -15 16-30 1 -15 

2 - - - - - - - - - - - 1 - - 
4 - - - - - - - 1 - - - - - 1 

5 - - - - - - - - - 1 - - - - - - 
6 - - - - 1 - - - - - - - - - - - 
7 1 3 - - - 1 - - 1 1 - - - - - - 
8 2 3 - - - - - - - - - - 
9 1 1 - - - 1 - - - - - - - 

10 - 1 - 1 1 1 - - - - - - - - - - 
11 3 1 - - - - 1 - - - - - - - - - 
12 1 - 1 - - 2 - - - - - - - - - - 
13 - - - - - - - 1 - - - - - - 
14 - - - - - - - - 1 - - - - - - - 
16 - - - - - - - - - 1 - - - - - - 
18 -------- - 1 - 1 - 1 - - 

Totals 8 9 1 1 2 5 1 1 2 5 - 1 - 2 - 1 

Provided always that the recorded drift -periods are such in the true sense, 
the above recoveries are spaced over a very comprehensive period of the year, al- 
though the greatest concentration of strandings evidently occurred between the 
middle of April and the middle of May. In this connection, it will be recalled, the 
first three months of 1911 are notable for the large number of returns from the 
Skagerak area of bottles belonging to numerous liberations of the previous year, 
particularly those of December 1910. Unfortunately the most significant of these 
recoveries, as likely to establish a link with the experimental results now under 
discussion, were, with one exception, effected before the first return from the libera- 
tions of February 1911. The singular bottle of the earlier experiments originated 
at Station December 103 and reference to Figure 14 will inform the reader of a certain 
irregularity in the initial stages of this drifter's course, which makes it not altogether 
a desirable instance upon which to base the argument of the later results. 

With due regard to the minimum distance to be traversed, it is clear that the 
shortest -period Skagerak recovery from the experiments of February 1911 was that 
effected at the Skaw, Denmark, 64 days after the bottle had been set adrift at 
Station 11. From the same station, however, another drifter reached a point near 
the Marsten Light, Norway, in latitude 60° 10' N., after only 29 days. These two 
instances are strongly suggestive of the existence, in the month of February 1911, 
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of the Great Northern North Sea Eddy, Station 11 being situated on the south- 
western periphery of the complex. 

The present records also show that, from the February liberations, other four 
short -period recoveries took place on the west Danish coast south of Hantsholm, 
as far as Lyngvig. It may be argued further, in the light of the experience of the 
1910 analysis, that the longer -period bottles recovered on Danish, Swedish and 
south Norwegian coasts were probably delayed in course of their sea passages by 
the North -East Dogger Bank Swirl. This complex, then, was doubtless so situated 
that drifters passing immediately to the south of it, or emerging from it, during the 
month of April at least, approached the Danish coast about the latitude of 56° N. 
It may therefore be accepted, tentatively, that the centre of the eddy during the 
months of March and April 1911 was in the vicinity of the intersection of latitude 
56° N. and longitude 6° E. In point of size regard is had meantime for the deductions 
arising from the experimental results of December 1910 (see Figure 14). 

As a starting -point in the particular analysis of the February records the recovery 
effected near the Marsten Light, Norway, on the 13th of March 1911, may con- 
veniently be taken. 

From the work of Helland- Hansen (10) and Robertson (11)* it appears that, 
in general, sometime towards the end of one year, or in the first month or so of the 
next, there occurs a minimum in the momentum of the drift- stream flowing into 
the Northern North Sea from the region of the Faroe -Shetland Channel. It seems 
also that, at the same time, the superficial dimensions of the Great Northern North 
Sea Eddy are about a minimum. Towards the end of February a process of recovery 
is doubtless begun, as a general rule. As regards the year presently under review, 
however, and bearing in mind the corresponding facts of the 1910 analysis, the high 
velocity of 12 miles per day (derived from the analysis of the drift -bottle results 
pertaining to the month of March 1911 and applicable to the period between the 
middle of March and approximately the end of April) does not entirely support 
these contentions. 

Following upon the possibility of a larger eddy circulation than that represented 
in Figure 22, which may be taken to define approximately the minimum extent of 
the system in 1910, the question of the position of Station February11l1 relative to 
it is resuscitated. It is reasonable to assume that, in the early part of the year, 
when the northward current along the Norwegian coast is doubtless at its narrowest, 
the Great Eddy is displaced eastwards of the position assigned. to it on the above 
chart. Hence an enlargement of the area encompassed by the swirl need not mean 
that Station February 1111 was differently placed in relation to its periphery. 

The position, then, as regards the postulation of a route in respect of the above - 
mentioned short -period recovery from the Station 11 series of liberations is similar 
to that of the short- period recoveries in the Moray Firth emanating from Station 
March111, in that the rate of drifting may have been anything from 72 to something 
less than 12 miles per day. If, however, the deductions arising from the analysis 
of the March records can be accepted as applicable to the Northern North Sea generally 
during the period of about six weeks immediately following upon the recovery of 
the above -mentioned February drifter, it is clear that the drift -speed in this particular 
case must have been greater than the lower of these limits and doubtless somewhat 
less than the higher figure. Along with an extension of the curve (Figure 19), the 
March results may be utilised to arrive at an estimate of the rate of the drift at the 
time in question. 

The two last points of the curve are reproduced in Figure 32, which is to be 
found on page 79. Taking the 5 -day recoveries from Station March11l and applying 

* Bracketed numbers in heavier type refer to the List of Publications, Fisheries, Scotland, 
Sci. Invest., 1980, II, p. 30. 
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the principles governing the construction of Figure 19, the average velocity of 12 
miles per day may be looked upon as the actual velocity of the surface drift in the 
Northern North Sea area on the 17th of March 1911. This point is entered on the 
diagram and the curve continued from the preceding point, the abscissa of which is 
the date, 6th January 1911. 

Now, the mid -date of the period of drift of the 29 -day Station February1111 
return was the 27th of February. From Figure 32 the surface drift -velocity on this 
date was practically 94 miles per day. Moreover, according to the curve, the ac- 
celeration of the drift throughout the full interval of 29 days beginning 12th February 
1911 was very nearly uniform ; so that the above vector can be taken as equivalent 
to the mean rate of drift of the bottle in question over its entire course between the 
liberation- station and the stranding- place. On this basis the appropriate curve on 
Figure 22 is constructed, measuring to scale approximately 280 miles. It is here, 
in the shape of the curve, that the significance of the postulate concerning the position 
of the Great Eddy at the time of these experiments is appreciable. 

Turning now to the Skagerak returns resulting from the February liberations 
we have already seen from Table XXX. that, although in the main the actual dates 
of recovery involve the eight months between the middle of April and the middle of 
December 1911, a concentration of these strandings occurred in the latter half of 
April and the first two weeks of May. In passing, it is to be observed that these 
early returns, 17 in number, belong to the liberations carried out at Stations 7 to 12. 

The three earliest records are of two Station 11 bottles and one from Station 8, 
found on the same day, the 17th of April, at three different places on the north- 
west coast of Denmark between Hantsholm and the Skaw. In none of these instances 
does a route by way of the southern boundary of the North -East Dogger Bank Eddy 
(without, however, becoming definitely involved in the circulation) yield an estimate 
of the mean velocity of the drift nearly approaching that recorded by the curve 
(Figure 32), for the mid -date of the drift -period. These dates are respectively the 
16th of March for the Station 8 bottle and the 16th -17th March for the two belonging 
to the Station 11 series. 

According to the velocity- curve, which at its present stage does not go beyond 
the latter date, the surface drift -velocity at this time was 12 miles per day. Obviously, 
unless the velocity continued to be uniformly accelerated after the 17th of March 
at the same rate as during the previous four or five weeks, the 12 miles per day 
vector cannot, in the above three cases, be accepted as an expression of the mean 
rate of the drift between the 11th or 12th of February and the 17th of April, the 
dates of despatch and recovery of the three bottles in question. All depends upon 
events after the 17th of March 1911. 

Referring back to the analysis of the 26 British coast recoveries accruing from 
the liberations at Stations March112 to 6, it is there shown that, within narrow limits, 
an average vector of about 12 miles per day yields a sound practical explanation of all 
26 returns. The recorded drift -periods range from 7 to 38 days, embracing the six 
weeks between the 21st of March and the 5th of May 1911. It follows, therefore, 
that the mid -dates of the 26 drift -periods also involve an appreciable interval of 
time, namely, the three weeks from March 28 to April 17, during which, apparently, 
any variation in the surface drift -velocity was comparatively slight. This velocity, 
it is already deduced, was approximately 12 miles per day on the 17th of March, so 
that, from the gradient of the velocity -curve prior to this date, the vector charac- 
teristic of the above period of three weeks ensuing 28th March was doubtless of 
somewhat greater magnitude. It can be demonstrated graphically, by further treat- 
ment of the March experimental records on the same lines as in Figure 21, that this 
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vector probably did not attain 12/ miles per day. After the 17th of April there is 
no immediate evidence to show whether a positive acceleration again set it, but the 
results of later experiments in the same year veto the suggestion entirely, indicating 
that, within the above three weeks interval, a maximum drift -velocity was registered. 

Now, the time -range of the above 26 returns extended from 3rd April to 5th 
May, with a maximum number of recoveries between the 5th and 10th days of the 
former month. This space of six days occurs almost exactly midway between the 
17th of March -the time co- ordinate of one of the cardinal points on Figure 32- 
and the 30th of April, the latter date covering, as it were, all but two of the 26 returns. 
Let it be supposed that there was some connection between the acceleration of the 
drift -speed and the dates of stranding on the British east coast and that, in the six 
days mentioned, the surface drift -velocity in the Northern North Sea generally 
attained a maximum of about 12.6 miles per day -almost the same maximum as, 
according to the analysis of the 1910 data, was reached in that year, although some- 
what later in the season. Further, assume the velocity -curve to be symmetrical 
about this period as regards the arc subtended by the 12 miles per day ordinate. 
That is to say, the velocity of the drift was again 12 miles per day on or about the 
30th of April 1911. 

The practical analysis of those Skagerak and west Danish coast recoveries from 
the February experiments which took place on or before the first day of May 1911 
can now be entered upon, assuming the position of the North -East Dogger Bank Eddy 
at the time to have been as laid down in Figure 22. 

Apparently no drifter proceeded into the Skagerak by way of the sea area to 
the north of the above- mentioned circulation. All bottles from Stations 7 to 12 are 
to be regarded as having cruised for a time within the complex and, on escaping from 
it, as having passed eastward and north -eastward from the latitude of its southern 
limit. For each of the ten returns made prior to the 2nd of May 1911, a route by 
way of this region is entered upon Figure 22. In Table XXXI. are given the data 
pertaining to the accomplishment of the said routes, exclusive of circuits within the 
North -East 'Dogger Bank Eddy, at an average rate of 11 miles per day, arrived at 
in the following manner. 

The drift- periods concerned may each be divided into two nearly equal portions 
by the date 17th March, the bottles in question having been liberated on the 11th 
or 12th of February. For the interval between these dates the gradient of the velocity - 
curve is practically constant ; so that for the first portion of the several drift -periods 
the mean rate of drift may be taken as equivalent to the actual velocity on the mid - 
date of the interval, namely the 28th of February. The vector for this date is 9.9 
miles per day. 

To obtain a mean velocity estimate for the second portion of the drift -periods, 
join by a straight line the points on the velocity -curve for which the abscissæ are 
17th March and the appropriate recovery date, reading off on this line the ordinate 
corresponding to the mid -date of the interval. The value thus obtained is in the 
neighbourhood of 124 miles per day. Hence, for practical purposes, the mean of 
these two vectors, approximately 11 miles per day, may be regarded as an expression 
of the average rate of the drift of each bottle over its entire course. 

[TABLE XXXI. 
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TABLE XXXI. 

FEBRUARY 1911 LIBERATIONS. 

Recoveries on Skagerak Shores and the West Danish Coast north of Blaavandshuk. 

Histories. 

Course in Miles Time in Days Residual 
Recovery. exclusive of to cover. (b) Periods 

Eddy Circuits. at 11 Miles 
per Day. 

(Days). 

(a) (b) (c) (a) -(c)= (d) 

2 (6411) 480 44 20 
7011 555 50 20 
729 335 30 42 
659 485 44 21 
738 345 31 42 
799 420 38 41 
717 325 30 41 
797 425 39 40 
6913 535 49 20 

Evidently, from the relationship of the higher to the lower quantities in the last 
column of Table XXXI., the North -East Dogger Bank Eddy was again characterised 
by a Period of Circuit of 20 days during the months of March and April 1911. It 
may be objected, on viewing Figure 22 that, in order to bring about this relationship, 
a certain manipulation in the latter stages of the courses of a number of the drifters 
appears to be necessary. These relatively small adjustments, however, have an 
underlying significance. 

Arising from the data of Table XXXI. the routes followed by the several drifters 
may be divided into two main portions -(i) a progressive and (ii) to all intents, a 
retrogressive portion. The progressive part (i) may be further sub -divided into two 
sections ; the first, from the liberation- station to the point of entry into the North - 
East Dogger Bank Eddy and the second, from the point of emergence from that 
system to the stranding- place. To simplify the argument it will be legitimate to 
assume that all points of entry into and emergence from the swirl were coincident, 
say at P (Figure 22). 

In each of the ten cases concerned the two sections of the progressive part of 
the route were, in point of time, interrupted by a period of about 20 or about 
40 days. Consequently, on the basis of Figure 32, it must be concluded that, while 
for the initial sections of all ten routes, that is, to the point P, the mean velocities 
were practically the same, and likewise, although to a less extent probably, those 
for the final stages of the routes, the velocity difference between the two sections was 
quite appreciable. In practice, therefore, the progressive parts of the routes must 
be bisected at P in such a ratio as to show these equalities and this difference. At 
the same time the fundamental rule of directional consistency among the various 
curves is to be complied with. Table XXXIa, in conjunction with Figure 22, 
furnishes the solution to this problem. 

[TABLE XXXIa. 
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TABLE XXXIa. 

Recovery. 
Course 

in Miles 
to P. 

Mean 
Velocity 

to P. 
Arrival 
at P. 

Departure 
from 

P. 

Course 
in Miles 
from P. 

Mean 
Velocity 
from P. 

2(6411) 255 9.7 Mar. 10 Mar. 30 225 12.5 
7011 255 9.7 10 30 300 12.5 
72 8 235 9.6 8 Apr. 17 100 12.5 
658 220 9.5 6 Mar. 26 265 12.0 
738 220 9.5 6 Apr. 15 125 12.5 
798 220 9.5 6 15 200 12.5 
71, 200 9.4 4 13 125 12.5 
797 200 9.4 92 4 13 225 12.5 
6912 350 10.2 18 21 7 185 12.3 

Comparing the entries in column three of the above table with the ordinates 
of the points on the curve of velocities corresponding to the mid -dates of the intervals 
between the dates of liberation and arrival at the point P, it is found that these 
agree very closely. To obtain the dates of departure from the point P after one or 
two circuits of the eddy were accomplished, according to the data in the last column 
of Table XXXI., exactly 20 or 40 days are added to the several dates of arrival at 
P. Thereafter, on the basis of the 6411 recoveries mainly, the final stages of the 
courses from the point P are estimated so as to give mean velocities, for this part 
of the cruise, of between 12 and 121- miles per day, thus conforming, within narrow 
limits, to the velocity- curve, Figure 32. 

Further interesting features arise from the above operations, enhancing the 
value of the analytical results of Tables XXXI. and XXXIa. In the first place it will 
be observed that the chronological sequence of entries into the North -East Dogger 
Bank Eddy corresponds with the distances of the various liberation -stations from the 
point P. The dates of emergence from the swirl, taken in order, lead to an arrange- 
ment of another kind and to the elucidation of certain differences in the nature of the 
strandings upon the north -west Danish coast. 

The earliest escape from the North -East Dogger Bank Swirl was that of the 
658 return, for which drifter a fairly direct course into the Skagerak along its southern 
side is estimated, starting from P on the 26th of March. But, before being beached, 
it appears that this bottle cruised along almost the entire length of the north -west 
Danish coast into Tannisbugt where it doubled back, as it were, in closer proximity 
to the land and presumably under the influence of a narrow coastal strip of contrary - 
moving surface water. 

This theory of a reversal of the surface drift current along the Danish coasts of 
Tannisbugt and Jammerbugt about the middle of April 1911 is supported by the 
relation to each other of the stranding -places of the two 6411 recoveries, which in fact 
were picked up on the same day as the 658 bottle. The stranding- places of all three 
bottles are widely separated, so that coincidence of discovery hardly enters into the 
question. The two Station 11 bottles, if they were together, are estimated to have 
set off from the point P in the same direction as, and four days after, the Station 8 
drifter. On this basis, and assuming that the " twin "bottles still kept company, a 
coastal reversal of the surface drift to the north -east of Hirtshals explains the anomaly 
of the different stranding- places attained on the same clay. Alternatively, the 
Blokhus bottle may either have lain upon the beach for a day or two or have been 
delayed in some other fashion -such as by taking the initial route a (Figure 22) -in 
course of its sea -passage, thus finally making a direct landing upon the Danish coast. 



28 

But the fact is that the same or similar assumptions in the case of the 658 drifter 
cannot be given effect in Figure 22 without seriously impairing the all -round con- 
sistency of the remainder of the results presently under discussion. 

In regard to the 7011 return from Lysekil, Sweden, for which bottle a final route 
embracing a portion of the northern area of the Kattegat is inferred, an alternative 
route might conceivably involve an eddy movement in Tannisbugt or Jammerbugt: 
On the other hand, as will be seen when the results of the April 1911 liberations come 
to be examined, there seems to have been a tendency for some of the 1911 bottles to 
round the promontory of the Skaw and make a detour within the waters of the 
Kattegat, before proceeding northwards along.and off the west Swedish coast. 

Next in order of escape from the North -East Dogger Bank Eddy come the 
recoveries 6912, 71, and 79,, 738 and 798, and finally 729, the dates of emergence from 
P being the 7th, 13th, 15th and 17th days of April respectively, drifters belonging to 
the same liberation- series and spending approximately the same interval of time 
cruising within the complex, presumably emerging together. 

In the same order consider the courses estimated to have been taken by these 
drifters immediately after their withdrawal from the point P. It is to be observed 
that, successively, these courses gradually diminish in curvature, pointing to some 
systematic waxing and waning influence upon at least the surface waters of the 
region concerned, between the end of March and the middle of April 1911. 

In this connection, meteorological phenomena, particularly as regards wind 
strength and direction for the period and area involved, are of interest as no doubt 
having a bearing upon the suggested hydrographic variations at the sea surface. 
Following upon a week of mainly light easterly winds registered at Fanö Island off 
the nearby mainland, a strong north wind sprang up on the 3rd of April and thereafter, 
for at least ten days, although the velocity was seldom very high, the northerly 
component steadily predominated, with a tendency for the direction from which the 
wind blew to shift round from the north -east to north -west and latterly, about the 
14th or 15th of the month, to west. The sea area in question sounds less than twenty 
fathoms, so that it is quite likely that persistent winds of even low velocity will have 
an appreciable effect upon the flow of the superficial stratum of water, as seems to be 
the case to some extent off the mid -east Scottish coast* and also in the southern bight 
of the North Seat 

In relation to the two recoveries 79, and 798, of the above group, which took 
place on the north -west Danish coast on the 1st of May 1911, it will be observed from 
Figure 22 that direct landings are deduced, in contrast to the two returns, 6411 and 
658, effected on the same coastal section on 17th April. That is to say, the narrow 
coastal reversal of the drift in Tannis and Jammer Bugten, apparently characteristic 
of the mid -month of April, was " corrected," as it were, by the end of the same 
month. 

The above -discussed anomaly in the direction of the surface drift in the region 
to the west of Blaavandshuk doubtless explains two unique results of the month's 
experiments, namely, the recovery of two drifters, one each from Stations 9 and 10, 
upon Nordstrand Island on the 7th of June 1911. 

Assuming a fairly close correlation between wind and surface water drift over 
the area in question it may be deduced that the hydrographic variation set in shortly 
after the 3rd of April and, from the instance of the 729 recovery, approximately normal 
conditions were evidently regained about the 17th of the same month. On this basis, 
the Nordstrand Island return pertaining to the Station 9 series of liberations does not 
fit too well into the scheme of things as ascertained by the above analysis, in that, 
theoretically, -this drifter should have followed the same route from P as the 72 -day 
bottle from the same liberation- series. It is conceivable, however, that the former 
bottle outstripped its fellow in course of two circuits of the North -east Dogger Bank 

* Fisheries, Scotland, Sci. Invest., 1930, IV. t J. N. Carruthers (2). 
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Eddy, escaping from the system at P a day or two in advance of it, thereafter 
deviating eastward and south- eastward into the German Bay. Alternatively, it may 
have completed a third circuit of the swirl before setting definitely away from it on 
or about the 7th of May and it is noteworthy that, at this period, northerly winds 
were again registered at Fanö and also at Cuxhaven. By analogy, therefore, with the 
above circumstances relative to the period following the 3rd of April, the Station 9 
drifter ultimately recovered on Nordstrand Island may have proceeded south -east- 
wards from P about the end of the first week of May. 

As regards the Station 10 drifter returned from the same locality, we have as 
yet no analysed record upon which to found the argument for the unique case, but, 
to avoid digression at this stage, it may be stated that, in this instance, a closer 
connection with the above phenomenon can be established, the bottle in question 
setting away from the point P on or about the 2nd of April 1911. 

The question arises, however, as to the probability of these two Nordstrand 
Island bottles remaining in the region of the German Bay for periods of one and two 
months respectively. The only criterion by which this matter may be gauged is 
contained in a qualitative survey of the relevant wind data, for, as already pointed 
out, Böhnecke (1) formulated with reference to the winds, the conditions favourable 
and unfavourable to the functioning of a cyclonic eddy in the area concerned. From 
the Daily Weather Reports issued by the British Meteorological Office it is gathered 
that, throughout the months of April and May 1911, wind conditions were distinctly 
favourable to the existence of the German Bay Swirl until perhaps towards the end 
of the latter month, when southerly and south -easterly winds became fairly persistent, 
but it is to be noted that, on the day before the two recoveries were effected, fairly 
high north to north -westerly winds blew over the region about Nordstrand Island. 

The inference that the above two drifters remained for such a long period in the 
same locality is further enhanced by the fact of there having been recovered on the 
west Danish coast south of the Thyboron Canal, on the 20th of June, the 14th of July, 
the 29th of August, and the 7th of September respectively four drifters belonging to 
three of the series of liberations already considered. As will be seen from the examina- 
tion of the results of experiments begun in the month of April 1911, the southern limit 
of the North -East Dogger Bank Eddy was probably no farther south, towards the 
end of June, than latitude 56° N. and the drift -stream carrying bottles away from its 
influence apparently headed at once in the direction of the Skagerak. Hence, it would 
seem that the 12810, 1997, 15212 and 2087 drifters attained their respective stranding - 
places by way of a coastal current flowing northwards from the German Bay along 
the west coast of Denmark. 

Before passing from the consideration of the results pertaining to Stations 
February117 to 12, and although the velocity -curve does not yet extend beyond the 
date 30th April 1911, some of the slightly longer -period drifters from these stations 
to Denmark and Sweden, particularly such as were found in the first half of May 
1911, may be examined at this stage. 

The first return from these shores after the 1st of May 1911 was that of the 84- 
day Station 10 bottle found at Tranum, Denmark. It also happens to be the one 
from the above -defined May group of recoveries which stranded at a point nearest to 
the point P. The position of Station 10 is, however, peculiar among the other 
liberation- stations of February 1911, being within the region of influence of the Great 
Northern North Sea Eddy. Obviously, in view of the course assigned to the shortest - 
period Station 11 recovery effected near the Marsten Light, Norway, a direct route 
towards either the North -East Dogger Bank Eddy, or the entrance to the Skagerak, 
cannot be accepted for the Station 10 bottles. Briefly, the following are the particu- 
lars of the route laid down on Figure 22 for the above -mentioned shortest -period 
return resulting from this series of liberations. It will be observed that the course is 
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assumed to follow those of the Station 11 drifters from the position of that liberation - 
station. 

Preliminary Analysis. 
Drift- Period . . . . . . 84 days. 

Total progressive course . . . 705 miles ; 

which, at 11 miles per day, would occupy 64 days ; 

leaving to be accounted for by eddy influence . 20 days. 

Particular Analysis. 
Inclusive dates of drift- period : Feb. 12 to May 7. 

Course to P . . . . 

which, at 10.8 miles per day, occupied . 

Date of arrival at P, April 2 
departure from P, April 22- J ' 

Course from P to Tranum . . 

to be accomplished in . . 

at a uniform speed of 12.0 miles per day. 

. 525 miles ; 

180 tuiles ; 

. 49 days. 

- 20 days. 

15 days, 

The initial part of the course estimated in the above instance is quite in con- 
formity with the likely effect of the Great Eddy gyration upon the behaviour of the 
bottle. Reviewing its history as given by the above details the drifter falls into line, 
so to speak, with the ten cases already discussed. Again, 20 days appear to have been 
spent in the performance of one circuit of the North -East Dogger Bank Eddy and, on 
emerging therefrom, the bottle in question evidently proceeded directly towards 
Hantsholm, the north -west corner of the Jutland peninsula, and thence eastwards to 
Tranum, covering this latter part of its course in 15 days at an average rate of about 
12 miles per day. 

It will be observed that the distance from the point P to Tranum was 
accomplished between the 22nd of April and the 7th of May, the mid -date of the 
interval being 30th April, for which day, therefore, on the lines of previous arguments, 
the above vector of 12 miles per day may be regarded as defining approximately the 
rate of the surface -drift in the Northern North Sea area. The same result has already 
been arrived at from quite another source ; so that the one corroborates the other 

From the above record also, we may advance the velocity -curve beyond the 30th 
of April to the 7th of May, taking for granted that, in the short interval between the 
22nd of April and the latter date, the surface -drift velocity was uniformly retarded. 
The ordinate of the new point is the vector 11.5 miles per day. 

A further six February drifters were returned from the Skagerak region during 
the first two weeks of May 1911, four of them between the 5th, 8th and 9th days of 
the month inclusive, the remaining two on the 13th and 14th. 

On 5th May a drifter belonging to the Station 8 series was picked up on Tromö 
Island off the south Norwegian coast. Presumably this bottle escaped from the 
North -East Dogger Bank Eddy in company with one or other of its fellows above 
detailed, that is, either on the 26th of March or on the 15th of April 1911. In the 
former case a route from P of not less than 480 miles was accomplished if time spent 
upon the beach is to be neglected and if the consistency of the numerous contemporary 
velocities is to be maintained. Such a course means that, either eddy movements in 
Tannis or Jammer Bugten retarded the progress of the drifter, or a wide circuit of the 
northern area of the Kattegat was made en route to Tromö Island. From the 
foregoing discussion relative to the earlier recoveries either eventuality is feasible as 
a consideration of the dates involved will make clear. If, however, two circuits of 
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the North -East Dogger Bank Swirl were executed before the bottle in question set 
definitely away from P on the 15th of April, it is necessary to postulate an almost 
straight line course from the neighbourhood of Hantsholm to the stranding -place in 
order to be in keeping with the requirements of Figure 32 ; for, from P, the route 
followed would probably be the same as that laid down for the 73 and 79 -day drifters 
belonging to the same series (measuring about 160 miles to the Hantsholm area) and 
the total mileage.from P to Tromö Island cannot be assessed at more than 240. 

On the 8th and 9th of May, three drifters, one each from Stations 7, 9 and 11, 
were picked up on Nord Koster Island, off the Swedish coast, in latitude 58° 54' N. 
The Station 7 bottle probably left the point P on the 13th of April along with those 
from the same station for which drift -periods of 71 and 79 days are recorded, thus 
leaving 25 days for the accomplishment of the route from P to Nord Koster Island. 
Following the course of the 797 recovery from P to the vicinity of Hirtshals, thence 
more or less directly to its destination, a distance of about 310 miles would be covered 
in the time given at an average rate of exactly 12.4 miles per day, which estimate is 
somewhat high in consideration of the trend of the velocity -curve between the date 
of emergence from the North -East Dogger Bank Eddy at P and that of recovery upon 
Nord Koster. It is quite likely, however, that the bottle in question set more sharply 
north -eastwards from P, thus eliminating some 10 miles of the above distance and 
entailing an average drift -velocity of approximately 12 miles per day, more in keeping 
with the foregoing analysis. Similarly,.the 869 return from the same locality fits into 
the general scheme, but as regards the 8511 bottle, either a double circuit of the 
North -East Dogger Bank Eddy was accomplished in less than 40 days, or some time 
was spent in eddy movements off the north -west coast of Jutland, or in the 
Kattegat. 

A fourth return from the Station 7 series of liberations came from Lökken, 
Denmark, on the 13th of May, that is, 91 days after despatch. To assume that this 
drifter took off from the point P on the 13th of April, in company with either the 717 
or 797 bottles, does not, on the basis of a mean drift -speed nearly approaching that 
demanded by the velocity- curve, account for the full 30 days due to the final stage 
of the route. On the other hand, the assumption of a third eddy circuit leaves only 
10 days for the accomplishment of the distance from P to the stranding -place. Even 
giving effect to the indications of the experimental results pertaining to the month 
of April 1911, which suggest a slow northward translation of the North -East Dogger 
Bank Eddy as the season advanced, this distance was probably no less than 150 miles. 
An additional three or four days, however, allotted to this portion of the bottle's 
history, satisfies the argument of the curve of velocities and it will be conceded, in 
view of the length of the entice drift -period, namely, 91 days, coupled with the 
involutions of the estimated route, that this discrepancy is within the limits of error 
allowable in such an analysis. 

Lastly, on Otterö Island off the Swedish coast, in latitude 58° 40' N., a bottle was 
found on 14th May which originated at Station 8. A route similar to that devised 
for the 73 and 79 -day Station 8 returns, taking in the northern area of the Kattegat, 
conforms to the requirements of Figure 32, in that a distance of 340 miles from P to 
the stranding -place would be overtaken at a mean rate of about 114 miles per day. 

From the general appearance of the chart, Figure 22, particularly with reference 
to the directions of the curves from those stations already considered, it can be 
deduced with safety that bottles from Stations February112 and 4, perhaps also from 
Station 5, headed in the direction of, and became involved in, the South -147 est Dogger 
Bank Eddy. Moreover, from Station 2, the drifters concerned were no doubt held 
up for a time in the Mid -East Scottish Coast Eddy, which the sole recovery from 
Station 1 suggests to have been operative at the time. Circumstances in,this region 
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during March and April 1911 are fully investigated in the analysis of the results of 
experiments begun in the former month. 

The above inference relative to the influence of the South -West Dogger Bank 
Swirl is supported by the fact that, as exhibited in Table XXX., the drift -periods of 
bottles from Stations 2, 4 and 5, recovered upon Danish, Swedish and South Norwegian 
Coasts, are much greater than those of similar returns made in respect of the more 
easterly liberations. The same applies to the Danish and Skagerak recoveries resulting 
from the liberations at Stations February1113 to 18. Further examination of the 
results pertaining to those stations is vitiated at the outset by the fact that, almost 
certainly, in some cases, more than one circulatory system of surface -water movement 
had its effect upon the routes and consequently the drift -periods of the bottles 
concerned. 

The almost total lack of returns from the British east coast, from all February 
liberations, has already been commented upon. From Stations 15 to 18, at least, 
such records were to be looked for. Reference to meteorological observations for the 
period and region concerned afford some explanation of their absence. 

Stations 14 and 15 were operated on the 13th and Stations 16 to 18 on the 18th 
and 19th days of the month. For five days prior to the 13th of February 1911 the 
winds registered at Nairn and Aberdeen were on the whole from the south -west 
quadrant, although high velocities were seldom attained. But, on the 12th, these 
winds began to blow more strongly and consistently over the Moray Firth area and 
were maintained for quite a week, thus no doubt influencing the surface waters to 
such an extent as to cause them to leave the said area in a more or less easterly 
direction. There is no evidence to warrant an assumption on the lines of the deduction 
formulated on the results of liberations in this same region during the month of April 
of the previous year, when drifters left the Moray Firth along its north -western shore, 
heading in a north -easterly direction. 

The results next to be considered are those belonging to the experiments begun 
during the month of August 1911, since, in the records compiled for the months 
between April and July inclusive, there occurs no single instance of recovery which, 
with reasonable assurance, can be utilised as a basis for further discussion. 

August Liberations. 

Throughout the month of August 1911, 125 surface drift- bottles were set afloat 
in groups of five, and on two occasions ten, from twenty -three liberation- stations, 
nine of which were situated within the North Sea between latitudes 58° and 
61' N. and longitudes 0° and 2° E. Three stations in alignment lay immediately 
north from Flugga, Shetland, and the remaining eleven to the west of Orkney, 
Shetland and the Outer Hebrides. 

A total of 24 returns from the following coastal districts are recorded against 
17 stations :- 

Shetland Islands 1 
Orkney Islands 3 
West Danish coast 1 

West Swedish coast 2 
Skagerak section of the Norwegian coast . 3 
Norwegian coast north of latitude 60° N. . 14 
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The results of the month's liberations are remarkable for the number of short - 
period recoveries recorded as having taken place, not only on Shetland and Orkney 
shores from the liberation- stations situated west and south -west of these Islands, but 
on Danish, Swedish and Norwegian coasts, as far north as latitude 63° 31' N., from 
several points in the Northern North Sea area and, in one isolated case, from a 
Faroe -Shetland Channel station. 

The last- mentioned return is particularly fortunate. Without it, and not- 
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Figure 23. 

withstanding the fact of there being other short -period recoveries pertaining to the 
experiments of August 1911, the analysis of the records for that month and, it may 
be added, the previous four months, must needs have been founded upon some 
arbitrarily chosen standard of velocity, which in its turn would doubtless have 
required considerable modification by the laborious and none too scientific process of 
trial and error. As it is, and for the reasons given below, this singular result furnishes 
a most convenient starting -point for the investigation of the August records and upon 
its interpretation also the detailed examination of the results of the April, May, June 
and July liberations indirectly depends. 

From each of Stations August112 to 5 and 7, at least one drifter stranded on 
Danish, Swedish, or Norwegian shores within 100 days of the date of liberation. 
The magnitudes of these drift -periods, however, do not bear any obvious relationship 
'to one another, such as, for instance, what might be called a geographical relationship, 
pointing broadly to the system of . surface drift responsible for the order of their 
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stranding. This circumstance indicates complexity in the courses of the drifters 
concerned, which is not surprising in view of the positions of the a hove- mentioned 
liberation- stations relative to the area which, in the corresponding season of the 
previous year, was encompassed by the Great Northern North Sea Eddy. In addition, 
and with reference to those August bottles subsequently found in the region of the 
Skagerak, the contingency of the North -East Dogger Bank Swirl is to be considered. 

The short -period Norwegian coast recovery emanating from Station August1119 
is in a different category. There is little doubt that in this case an almost direct 
passage was made from the liberation- station in the mid-Faroe-Shetland Channel to 
Veiholmen Island off the Norwegian coast, occupying 51 days from the 23rd of 
August. A mean rate of drift of not less than 9 miles per day was therefore attained. 
On Figure 23 the curve representing this bottle's course measures to scale about 
480 miles, entailing an average drift- velocity of nearly 91 miles per clay. 

In passing, it may be noted that the above record is comparable with three 
similar returns from those experiments of the móntl'i of August 1910 which were 
initiated in the same region. From each of the Stations Augusti02, 13 and 15 (see 
Figure 11), at least one drifter is estimated to have pursued an almost direct course 
to the Norwegian coast, stranding in practically the same latitude as the above 1911 
bottle found on the Island of Veiholmen. But the speed of the drift deduced from 
the August 1910 records was only eight miles per day as against the vector of 91 miles 
per day derived from the single record of the following year. 

Although the short -period Station August1119 bottle did not enter the Northern 
North Sea, it can be made to subserve the analysis of the remainder of the August 
1911 results, and thence, as already indicated, the interpretation of the records 
pertaining to the months of April to July inclusive. 

It is reasonable to infer that, although the current systems of the two regions 
are closely connected, the velocity of the surface drift in the Northern North Sea area 
is normally somewhat less than that of the contemporary drift across the southern 
area of the Norwegian Sea. On the other hand, it can be taken as a fairly general 
rule that in sea regions possessing oceanic characteristics, such as for instance the 
Northern North Sea basin, no event in which time is an essential factor occurs with 
a marked suddenness approaching instantaneity. A vector of nine miles per day 
may therefore be used with safety as a basis for the argument of the experimental 
results pertaining to the North Sea liberations of August 1911. 

With reference to the velocity -curve, Figure 32, the abscissa of the above 
vector -ordinate is the date, 18th September 1911, that is, the mid -date of the drift - 
period of the 5119 recovery. This point is to be regarded as a cardinal point in the 
diagram and may therefore be joined to the previous point by a smooth curve, in the 
manner given. Using this curve as a guide, the problem now is to obtain a consistent 
explanation, firstly, of the August results and, thereafter, of the records compiled from 
the liberations of the previous four months. 

At the outset, the two short -period recoveries emanating from Station August113 
are significant in relation to the corresponding returns pertaining to Stations 2 and 4. 
One bottle from Station 3 reached Oslofjord in 89 days, whilst another was returned 
from Kvernö, on the Norwegian coast, in latitude 60° 57' N., after only 63 days. On 
the above premises, that is, by applying the principles of Figure 32, it can be shown 
diagrammatically that the 63 -day drifter did not enter the Skagerak in company with 
its fellow, if the longer drift -period of the Skagerak recovery is accepted as such in 
the true sense. Still less can a route by way of the Skagerak be advanced for the 
50 -day Station 4 recovery effected on Hillesöen, 40 miles north of Kvernö, Norway, 
and it is to be noted that no short -period Skagerak recovery resulted from the libera- 
tions at this station. Having regard, therefore, to the relative positions of Stations 
3 and 4, it is evident that the bottles from the former point did not at once drift 
towards the Skagerak. The same holds in the case of the Station 2 drifters, despite 
the fact that one of them was returned after only 67 days from a point a few miles 
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south of the Skagerak entrance. In contrast to the Station 4 results it is to be observed 
that no short -period Norwegian coast recovery is recorded against Station 2. 

These considerations may be summarised briefly as follows. The Station 2 
results include a short- period recovery in the region of the Skagerak, but none on 
the Norwegian coast about the latitude of 600 N., while, in regard to Station 4, the 
facts are in the reverse order. Station 3, on the other hand, claims a short -period 
return under each head and therefore occupies an intermediate position between 
Stations 2 and 4. 

The practical solution of this problem is contained in Figure 23 and the several 
drift -velocities mentioned in the ensuing discussion will be found to lie close about the 
curve of velocities when plotted against the mid -dates of the drift- periods concerned. 

The 504 recovery obviously pursued the most direct route of the above -mentioned 
four short -period returns from the North Sea liberations of August 1911. A course of 
455 miles is represented on the chart. In 50 clays this distance would be accomplished 
at a mean -daily rate of 9.1 miles. Similarly, the 633 drifter may be regarded as 
having covered a mileage of about 570 at an average speed of 9 miles per day. 
The major part of this drifter's course is assumed to have been almost identical with 
that of the 504 bottle. 

It were best now to give the analysis of the two Skagerak recoveries emanating 
from Station 5, for, from these results, the approximate size and position of the 
North -East Dogger Bank Eddy may be gauged. Routes by way of the southern limit 
of the complex measure 560 miles in the case of the 90 -day return from Sweden and 
665 miles for the 103 -day recovery on the south -west Norwegian coast. At a mean 
velocity of &9 miles per day these distances would entail 63 and 75 days respectively, 
leaving 27 and 28 days to be accounted for. It is perhaps significant that these 
residual periods are almost identical, although their magnitudes are appreciably 
greater than that previously deduced as signifying the Period of Circuit of the North - 
East Dogger Bank Eddy, namely, 20 days. The larger period is substantiated by the 
analysis of the experimental results pertaining to the months of April and July, 
principally. In the summer of the year under review, the region of activity of the 
North -East Dogger Bank Swirl was considerably extended by reason of its coalescence 
with another circulatory system, operative sometimes as a separate entity in the 
waters off Lindesnaes. The latter circulation was named the Lindesnaes Eddy by 
Böhnecke (1), who first drew attention to the phenomenon of the coalescence of the 
two systems. 

To revert to the Station 3 results the 89 -day drifter subsequently found near the 
town of Moss in Oslofjord was doubtless somewhat separated from its fellow the 
63 -day return -while on its southward passage under the influence of the Great 
Northern North Sea Eddy. The latter bottle apparently deviated a little more 
sharply eastwards across the North Sea between latitudes 57° and 58° N., just failing 
to come within the range of attraction of the North -East Dogger Bank Eddy, which 
undoubtedly directed the further progress of the 89 -day bottle ultimately recovered 
in the Skagerak area. The swirl cannot, however, have definitely absorbed the bottle 
within its gyratory movement, since the route laid down on Figure 23 represents some 
795 miles which would take up the full 89 days in its accomplishment at a mean 
daily rate of 8.9 miles. 

Similarly the 672 bottle was probably only guided, as it were, by this complex, 
traversing a distance of 605 miles at an average speed of nine miles per day. 

The only other recovery which need be considered at this stage is the 957 return 
from Skavö Island near Vaagsö, Norway, in latitude 61° 55' N. Obviously, in view 
of the course estimated in respect of the drifters despatched from Station 5, this 
Station 7 bottle is to be regarded as having circumnavigated the North -East Dogger 
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Bank Eddy. It cannot further be held that its route lay by way of the inner waters 
of the Skagerak, since, to be in conformity with the above cases, this particular bottle 
must be looked upon as having cut across the entrance to the Skagerak, thereafter 
cruising northwards along the Norwegian coast. In this way a mileage of 850 would 
be covered at the mean daily speed of 8.9 miles. 

The next group of returns to which attention is directed is that comprising 
recoveries on the Shetland and Orkney Islands. 

The only Shetland recovery took place in Quendale Bay on the extreme south 
end of the mainland, 31 days after being floated at Station August1121. In the light 
of previous deductions relative to the system of surface -drift apparently characteristic 
of the region midway between the Orkney and Shetland Islands, in the summer at all 
events, it may be inferred that this drifter cruised into the north -western corner of 
the North Sea by way of the west and north of the latter island group and it is to 
be noted as very relevant to the above result that, for two days prior to the discovery 
of the bottle, strong south -easterly winds blew over the district. The route given 
on Figure 23 measures to scale about 280 miles which, in 31 days, would be overtaken 
at a mean rate of nine miles per day, this vector complying with the curve of velocities. 

Originating at Station 14 on the 21st of August a bottle was picked up 13 days 
later between Marwick Head and Brough Head on the west coast of the mainland of 
Orkney. At present it is possible to assume only a fairly direct route for this bottle, 
such as is indicated on the chart. The 90 miles there represented would thus be 
covered at an average velocity of nearly seven miles per day which, of course, hardly 
agrees with the findings above detailed. The vector, as read from the velocity- curve, 
should be 9.1 miles per day. By reason of this discrepancy in regard to the mean 
speed of the bottle's drifting the present record resembles the corresponding results 
obtained from the similarly placed liberations of August 1910, suggesting, in the 
first instance, some complication in the routes traversed between the region where 
liberations were carried out and the western shores of Orkney. 

A similar explanation might be advanced in respect of the Station 16 drifter 
found upon the same coast on the 15th of October 1911, but the drift -period is a 
lengthy one and a third Orkney recovery (the second pertaining to Station 14) effected 
upon the same day but on a different part of the mainland, suggests that the former 
bottle may not have attained its stranding -place directly from the west. 

It will be recalled that the results of certain experiments commenced during the 
months of May and August 1910 demonstrate that, on occasions, the waters in the 
immediate neighbourhood of the Orkney Islands gyrate with an anticyclonic motion 
round the group. It appears that such was the case during the six weeks between 
the beginning of September and the middle of October 1911. On this assumption the 
two longer -period August 1911 bottles above -mentioned no doubt set off from their 
respective starting -points- Stations 14 and 16-in a north -easterly direction, sub- 
sequently passing round the northmost of the Orkney Islands and thereafter cruising 
southwards in the near neighbourhood of their eastern shores, to be carried westwards 
through one or other of the channels between the various islands, or through the 
Pentland Firth, repeating the circuit probably twice. 

The above explanation cannot be taken to cover the shorter -period Station 14 

bottle, on the grounds of the inconsistent average velocity which would thereby 
ensue -this time in a positive sense relative to that given by the velocity- curve. The 
theory of complex surface water movements in the region west of Orkney is not 
therefore entirely discounted by the inference from the other two Orkney returns of 
an anticyclonic surface drift enveloping these islands. 

All other recoveries from the August 1911 experiments took place in the higher 
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latitudes of Norway and, for the most part, after very long periods of drifting. 
Doubtless the greater number of these pursued courses embracing the Northern 
North Sea, as can be gauged by examining the shortest -period return from among 
this group, namely, the 14211 recovery at Titran on the Island of Froya, Norway, in 
latitude 63° 40' N. A course such as that indicated on Figure 23, at an average velocity 
of about 7.8 miles per day, would account for the traverse in 142 days of the distance 
of 1115 miles represented by the curve. The mid -date of the period of drift of 
this particular bottle was the 21st -22nd of October 1911, and plotting this point on 
Figure 32, it is found to lie in close proximity to those derived from the analysis 
of the recoveries consequent upon the liberations of October 1911. 

* 

From the foregoing analyses of the records evolved from the liberations of 
February and August 1911, the proposition arises of an accession to the area encom- 
passed by the North -East Dogger Bank Eddy, occurring some time in the intervening 
period of five months. According to the interpretation of the February results, the 
swirl of waters usually functioning in the region off the north -east end of the Dogger 
Bank was, throughout at least the greater part of the month of April, of normal 
dimensions, as defined by a Period of Circuit of 20 days. The enlargement of the 
system prior to the end of August is inferred from the analysis of two records per- 
taining to the experiments begun in that month and the inference is substantiated by 
further evidence to be given forthwith. 

It is also pointed out that this expansion of the circulatory complex of surface 
waters in the region to the west of the Skagerak entrance, in the summer. of 1911, was 
doubtless due to the coalescence of two like systems. The phenomenon was deduced 
by Böhnecke from a study of temperature and salinity observations. For the year 
under present survey the event is deduced directly from drift -bottle data and, 
moreover, can be timed with remarkable precision. 

As a first step in the working out of this proposition the records pertaining to the 
liberations of April 1911 are now considered. 

April Liberations. 

Between the 8th and 19th of April 1911, eight bottles were despatched from each 
of 16 stations in the region to the north of, and within, the Moray Firth. On the 
25th, ten drifters were set afloat at a point about 20 miles due east of Fife Ness. 
Thirty -eight subsequent recoveries, representative of operations at 15 stations, are 
recorded, the various stranding -places being distributed as follows :- 

From Stations 1 to 16. 

Moray Firth shores between Tarbet Ness and Rattray Head 6 
Mid -East Scottish coast . . . 1 
North -West Danish coast between Thyboron and the Skaw 5 
East Danish coast . . . . 1 
West Swedish coast . . . , 2 
Norwegian coast south of latitude 59° N. . 3 

between latitudes 59° and 62° N. . 10 
62° and 65° N. . 6 

From Station 17. 

The east English Coast between Holy Island and Flamborough Head . 4 
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It has already been remarked that none of the above recoveries can be made at 
once to subserve the analysis of the others. This point is clearly demonstrated by a 
consideration of the major features of the month's results before proceeding to their 
analysis on a more constructive principle. 

With one exception, the six bottles picked up on the southern shore of the 
Moray Firth and the single recovery on the mid -east Scottish coast originated at 
Station. 15, the exceptional case belonging to the Station 16 series of drifters. Both 
stations were situated within the area normally influenced by the Moray Firth Eddy 
and, apart from this complication, there is no suggestion, in the present data, of a 
system of surface drift embracing the entire North -Western Area of the North Sea 
such as was deduced from the experimental results of April and May 1910. The 
drift -periods, ranging from 32 to 72 days, registered by the above seven recoveries 
can therefore be taken as indicating only the activity of this local swirl during the 
months of April, May and June 1911. 

As a direct outcome of surface drift -bottle experiments it may be said that one 
of the primary causes of derangement of surface drift systems over relatively shallow 
and landward sea areas is a change in the direction and force of the wind. Now the 
above inference argues the persistence of the .Moray Firth Eddy for a period of at 
least ten weeks during which the winds over the area varied considerably, although 
moderate intensities were seldom surpassed. As conditions in this respect were 
similar for some weeks prior to the commencement of these April experiments, there 
is no apparent reason to doubt the existence of the swirl onwards from the first week 
of March, when its presence was inferred from the result of a single experiment 
launched on the first day of that month over the region of the Smith Bank. It is 
therefore the more remarkable that no Moray Firth coast recovery resulted from 
other liberations of the month of April 1911 than those carried out at Stations 15 and 
16. This applies particularly to Stations 4, 5 and 6, in virtue of their close association, 
geographically, with the inner waters of the Moray Firth. 

Likewise none of the four English coast recoveries ensuing from the liberations. 
at Station Apri11117 registered a drift- period upon the basis of which a direct route 
can be assumed. Here again an eddy system -the Mid -East Scottish Coast Eddy - 
was doubtless responsible for the contingency of fairly long periods of drifting and, 
once again, certain of the experimental results pertaining to the month of March 1911 
afford an analogy. It is further of importance to observe in relation to these April 
results that, as regards the locality of the stranding -places, no similar return was 
made in respect of the more northerly liberations of the month. Evidently all bottles 
from Stations April112 to 13 drifted eastward across the North Sea, some to strand 
upon Danish, Swedish and Norwegian shores. 

Turning, then, to these Continental recoveries, it is first of all to be noted that, 
with one long -period exception (3185), no April bottle stranded on the Danish coast 
south of the entrance to the Skagerak. This fact of itself is important in view of the 
extreme westerly positions within the Northern North Sea of the liberation- stations 
concerned, suggesting, although perhaps not conclusively, on account of the magni- 
tudes of the drift- periods entailed, that the drifters in question did not become 
involved in the South -West Dogger Bank Eddy in course of their passages across the 
North Sea. 

In effect, however, conclusive proof is obtained when the above fact is considered 
in conjunction with another striking feature of the month's results, one to which 
attention has already been directed. Despite the practical significance of the fore- 
going deductions bearing upon the dynamical conditions, during April and May 1911, 
in the surface waters of the Moray Firth and the sea area adjacent to the British 
east coast almost as far south as Flamborough Head, Yorkshire, there is not a single 
record of a recovery in either region emanating from the series of liberations at 
Stations April112 to 13 inclusive. Moreover, since there exists no warranty for the 
postulation of a system of surface drift in the North- Western Area of the North Sea, 
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during April 1911, on the lines of that determined for the spring and early summer 
of the previous year, it may be accepted that the initial direction taken by the above 
April bottles was in the main a southerly one. Then, from off the north -eastern 
corner of Aberdeenshire, these drifters apparently deviated rapidly south -eastward 
and eastward, heading finally towards North Jutland. Had they first of all proceeded 
farther south on the western side of the North Sea the evidence of the Station 17 

results is in favour of their absorption in the Mid -East Scottish Coast Eddy and 
thereafter, in a number of cases at least, within the South -West Dogger complex. As 
stated above the data afford no indication of either event having occurred. 

Consider first the recoveries which took place on Danish, Swedish and south 
Norwegian coasts between Hantsholm and Lindesnaes. To the number of nine these 
embrace the months between August 1911 and May 1912, but principally the interval 
between 18th August and 9th November 1911 inclusive. All originated at those 
April stations situated either within, or immediately adjacent to, the Moray Firth. 
The group of stations Aprilii9 to 13 is not represented in this class of returns. 

The shortest -period recovery in the Skagerak region was the 1318 drifter found 
at Lökken, Denmark, on the 18th of August. If retrogressive movements due to 
eddy influence be disregarded and a continuously progressive course assumed for 
this bottle, the estimated .mean daily rate of drift is of the order of only four miles. 
While there is no direct evidence to discredit this vector it is unquestionably low in 
comparison with all other essential values so far calculated by the writer from surface 
drift -bottle data, particularly those arising from the experiments of the previous two 
months and the month of August. On these grounds it is legitimate to infer that the 
drifter in question did not pursue a continuously progressive course between the 
points of liberation and recovery. 

No help in this direction of a velocity estimate is forthcoming from the chrono- 
logical record of recoveries mentioned in Part II., Section 1,* page 6. From later 
liberations in the same year, no recovery was effected on the north -west coast of 
Denmark within three weeks, before or after, of the date of recovery of the above - 
mentioned shortest -period bottle from the April experiments. The next bottles of 
contemporary origin to be picked up on Skagerak shores were found respectively on 
the 22nd and 25th of September. Between the 18th and 29th days of the same 
month six other drifters were returned from the north -west Danish coast. These 
were liberated at the points A, B, C, D and E (Figure 24) on the dates there specified. 
That is to say, the shortest -period recoveries in this locality during the second half 
of September 1911, although set afloat in the open waters of the Middle North Sea 
Area, were liberated more than two months beforehand. The influence of the 
North -East Dogger Bank Eddy is, of course, suggested, and the only conclusion to be 
arrived at in regard to the April bottles is that they too were held up in this complex 
along with others from both earlier (February 1911) and later liberations. 

At the present stage, therefore, the furthest argument which may be advanced 
in regard to those April bottles subsequently returned from the Skagerak area is 
that their courses to the region of the North -East Dogger Bank Eddy were doubtless 
practically synchronous, since liberations at the stations represented by these returns, 
namely, Stations 4 to 8, were carried out almost simultaneously on the 9th day of the 
month. For further aid in the elucidation of the records, recourse must be had to the 
curve of velocities (Figure 32), constructed, so far, on the basis of the February -March 
results and those pertaining to the experiments of August 1911. 

First of all arises the question of the position of the North -East Dogger Bank 
Eddy during the period embraced by the above experiments begun on the 9th of April. 

By referring to the velocity -curve all the foregoing factors relative to the passages 
* Fisheries, Scotland, Sci. Invest., 1930, IV. 
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of the drifters concerned across the North Sea, it is readily estimated that these bottles 
from Stations 4 to 8 would reach the swirl area sometime about the mid -month of 
May 1911 and a comparison of Figures 22 and 23 suggests.a more northerly orientation 
of the system at this time than that given on the former chart. Whatever translatory 
movements of the complex as a whole there may have occurred in the interval between 
the months of March and August 1911, the net result seems to have been small, so 
that, with reasonable certitude, it may be taken that the required position was very 
nearly as given on Figure 24. Until there arises evidence to the contrary the dimen- 
sions of the eddy will be defined by the Period of Circuit of 20 days deduced from the 
analysis of the February results. In passing, it may be observed that a like position 
and extent were assigned to this entity in the corresponding season of the previous 
year (Figure 3). 

A simplifying factor adopted in the analysis of the February 1911 records may 
also be applied to those about to be examined. That is, all points of entry into and 
emergence from the above -mentioned. circulation may be regarded as having been 
coincident, say at the point P, Figure 24. Again, however, it may be objected that, 
on this basis, the contingency of further translation of the entire complex in the 
interval between these two events is overlooked, but it will be clear from the analysis 
of the July 1911 results, which follows later, and also from Figure 23, which interprets 
cartographically the data relative to the August experiments, that this contingency 
can have been of little moment. Its effects would certainly be well within the limits 
of accuracy of this analysis. 

Our starting -point is the shortest -period Continental. return from the April 
experiments, namely, the 1318 recovery at Lökken, Denmark, on the 18th of August. 
The history of this drifter were best investigated " backwards," as it were, from its 
stranding -place to the point of liberation. 

From the point P to the stranding -place a linear distance of about 165 miles 
was doubtless accomplished in the manner suggested by the appropriate curve on 
Figure 24. At a mean daily rate of 91 miles this passage would be overtaken in 
18 days, so that the drifter in question escaped from the dominating influence of the 
North -East Dogger Bank Eddy at the point P on the 31st of July. Reference to 
Figure 32 will inform the reader that the above vector of 94 miles per day is the 
ordinate corresponding to the mid -date of the interval between 31st July and 18th 
August and therefore conforms to the principles of that diagram as applied to 
cartographical measurements such as that just performed. 

The question of the time spent in cruising within the eddy next arises, and as a 
basis for its determination the Period of Circuit of 20 days is used in conjunction with 
the above estimate as to the approximate date of entry into the complex. On these 
premises it appears in the case under immediate examination that 80 days, signifying 
four complete circuits of the gyration, were thus occupied. This fixes the date of 
entry into the system in this instance at the 12th day of May. 

Thus, 33 days of the total drift -period remain to be allocated to that portion of 
the route between the position of Station 8 and the point P. In this connection, it 
may be recalled, certain conditions as to the direction of the route in its initial stages 
are demanded by some of the deductions which have been made above. Further, the 
linear dimension of this part of the drifter's journey must satisfy Figure 32, which 
requires that the distance be accomplished in the time given at a mean velocity of 
12.1 miles per day, this vector being derived as follows :- 

In view of the shape of the curve of velocities between the inclusive dates, 9th 
April and 12th May, it would not be quite accurate to accept the vector -ordinate, 
121 miles per day, corresponding to the mid -date of the interval (April 26), as equiva- 
lent to the mean velocity of the surface -drift throughout the entire period of 33 days. 
A better estimate is obtained by averaging the vectors for the mid -dates of the two 
halves of the period, the result being the above figure of 12.1 miles per day. 
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The required 
. 

mileage is therefore approximately 400, represented by the 
appropriate curve on Figure 24. 

Examined in similar fashion, the shorter -period Danish, Swedish and southerly 
Norwegian coasts recoveries pertaining to Stations April1i2 to 8 furnish the material 
for Table XXXII., which is so constructed as to facilitate further explanations. The 
case of the 1318 drifter is included in the table. 

TABLE XXXII. 

APRIL 1911 LIBERATIONS. 

Stations 2 to 8 Inclusive. 

Histories of Principal Recoveries. 

Time Residual 
Course for Course Rate Periods. 

in (b) in for (d) Withdrawal - (g) -60 
Re- Miles at 12.1 Arrival Miles in from : Days. days. 

covery. to Miles at from Miles per P. - 
P. per P. P. Day. 

Day. (f)-(e) 
(a) (b) (Days.) (c) (d) (e) (f) =(g) (h) 

1604 395 33 May 11 620 9.25 July 10 60 0 
1318 400 33 ,, 12 165 9.25 31 80 20 
2138 400 33 12 890 8.90 31 80 20 
1896 420 35 ,; 14 670 9.00 Aug. 2 80 20 
1667 410 34 13 445 9.10 4 83 23 
2176 420 35 14 820 8.75 10 88 28 
1697 410 34 13 165 9.00 Sept. 7 117 57 
1824 410 34 13 180 9.00 18 128 68 
1884 410 34 13 130 9.00 30 140 80 
2106 420 35 14 310 8.90 Oct. 1 140 80 
2026 420 35 14 235 9.00 2 141 81 

On the chart the curves appropriate to the above table are consistent as regards 
direction, and further, the sections- of these curves between the several liberation - 
stations and the North -East Dogger Bank Eddy at the point P are practically 
synchronous, representing the progress of the drifters concerned between the 8th or 
9th of April and the 11th to the 14th of May 1911. Also, the final sections of the 
routes from P to the various stranding- places are mutually in agreement, since the 
mean rates (column (e), Table XXXII.) at which they were accomplished conform to 
the principle underlying the curve of velocities. 

It will be observed that the courses of all bottles included in this table and 
found beyond the Skaw in the line of drift, embrace a portion of the Kattegat north . 

of the Island of Laesö. This circumstance is suggested at onice by the somewhat 
unusual position of the 2026 recovery at Fredrikshavn on the east coast of Denmark 
and, partly also by that of the 2105 recovery: at .Komö, on the Swedish coast. Even 
these small ,sections of: the. routes concerned are _consistent as regards time. An. 
examination of the dates in column (f) of the above table, in conjunction with the 
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chart, demonstrates this -point. Bottles which escaped from the North -East Dogger 
Bank Swirl after the 10th of July 1911, or, more exactly, between the 31st of July 
and the 10th of August and, again, on 1st and 2nd October, apparently cruised 
further into the Kattegat than the 1602, drifter. 

There is also distinct evidence of periodicity in the second last column of the 
above table, the period being one of 20 days, that is, the same as was deduced from 
the analysis of the February 1911 records and from the comparable material of 1910' 
and denoting the Period of Circuit of the North -East Dogger Bank Swirl, ostensibly 
between the middle of May and the beginning of October 1911. 

The question, however, of variation in the size and position of the complex 
during these months is to be considered at this stage. As already pointed out, a 
comparison of the charts constructed on the argument of the February and August 
results clearly indicates a transformation in at least the size of the eddy system prior 
to the end of the latter month. Consequently, the greater number of those April 
bottles above detailed were without a doubt involved in the process, since the 
majority of them were not recovered until after the third week of September. It is 
also suggested that the change was the result of the coalescence of two like systems, 
the second functioning separately, to begin with, in the region south -west of 
Lindesnaes. 

In the first place, as affecting the later stages of the routes taken by the April 
bottles from P and having regard to the original positions of the component swirls, 
the southern limit of the resultant system, after coalescence, would almost certainly 
be, if anything, farther north than that of the North -East Dogger Bank Eddy as 
represented on Figure 24. According to Figure 23, however, the position of this limit 
was evidently much the same towards the end of August as in the month of May, so 
that, for present purposes, any change in the position of the system, as gauged by 
that of its southern boundary, may be regarded as having no measurable significance. 
This being so, and with due regard . to the above -mentioned periodicity of 20 days 
suggested by the residual periods, it would seem to be paradoxical to argue from these 
data an amplification of the area covered by the North -East Dogger Bank Swirl, for 
the anomalies of periodicity, are not, except perhaps in two cases -those of the 2176 
and 1824 returns -outwith the limits of so -called " experimental error." Any 
further explanation, then, to gain precedence over that already given, should absorb 
these anomalies into a more comprehensive scheme. 

The first four residual periods are exactly simple multiples of 20 days. Therefore, 
it may be inferred that, prior to the 2nd of August 1911 -the date upon which the 
fourth bottle emerged from the swirl-no extension of the area encompassed by the 
circulation occurred. 

According to Table XXXII., however, the next two escapes took place on the 
4th and 10th days of August respectively. Calculating from the dates of arrival at 
the point P and assuming the constancy of the swirl, the bottles in question should 
theoretically have withdrawn. from P on the 1st and 2nd of the month respectively. 
Taking for granted that these discrepancies are indicative of expansion of the North - 
East Dogger Bank Swirl an attempt may be made to gauge this expansion quanti- 
tatively, that is, to find the Period of Circuit of the enlarged system. 

Although it is argued above that the original eddy remained constant in size 
until the 2nd of August. 1911, that is, until the completion of four circuits by those 
April bottles which entered it between. the 11th and the 14th of May, a number of 
these drifters which were retained within the gyration after that date were, of course, 
influenced by any change in its dimensions ; so, that the residual periods in excess, 
not of eighty days, but of sixty days, must be studied. These are tabulated in column 
(h) of Table XXXII. 

In the sequence of (h) values a distinct break occurs after the sixth one, namely, 
28 days, the next figure being just double this magnitude. Also, the last three periods 
are practically the same and again are nearly related in an obviously simple manner 
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with 28 days. These findings strongly suggest that the expansion of the North -East 
Dogger Bank Swirl was not a prolonged process and was therefore the outcome of 
more or less immediate coalescence with another similar gyration rather than either 
(i) a gradual accession of centrifugal force within the original eddy, or (ii) a diminishing 
resistance to a tendency towards expansion. It appears that coalescence took place 
about the 2nd of August, causing drifters still within the system, but nearing the 
point P, to be delayed in their exit from the circulation. From the relationship of 
the sixth (h) value to the next and the last three, and further, recalling the analytical 
results pertaining to Station August115, we may deduce the Period of Circuit of the 
new system to have been approximately 27 days. The case of the 1824 recovery 
remains anomalous, perhaps on account of some local idiosyncrasy of drift such as a 
coastal reversal in Jammer Bugt, similar to that deduced in respect of this same 
region from certain of the February 1911 results. An explanation on these lines is 
indeed suggested by the apparently inverse relationship of the drift- periods of the 
two Apri1114 returns to the distances of the two stranding -places from the point P. 

Before passing to other results, it may be pointed out that one advantage of the 
above interpretation of the April records so far examined in detail over thát entailing 
the constancy of the North -East Dogger Bank Swirl from May to October 1911, is that, 
in the cases of those drifters for which long residual periods are deduced, the number 
of circuits of the complex which must be assumed is diminished by one. Later 
results, however, establish more firmly the significance of these deductions. 

Turning now to the investigation of the results recorded against Stations April119 
to 13, it has already been remarked that no west Danish coast or Skagerak recovery 
resulted from the liberations at these points. Of the ten bottles subsequently returned, 
eight were picked up on the Norwegian coast between Stavanger and latitude 62° N., 
the remaining two attaining higher latitudes on the same coast. 

These facts suggest at a first reading that the bottles in question did not drift 
towards and into the North -East Dogger Bank Swirl, but came under the influence 
of the Great Northern North Sea Eddy. On several grounds this hypothesis may be 
challenged. In the first place the initial routes given on Figure 24 for the drifters 
despatched from the Moray Firth region are not consistent with the view that the 
surface drift over the area embraced by Stations 9 to 13 was in the direction necessary 
to carry floating objects into the Great Eddy. Even if this were so and the bottles 
in question did in fact cruise round this system, the proportion of recoveries subse- 
quently effected on the Norwegian coast outwith the North Sea is exceedingly small, 
especially when it is known that other drifters of different origin, but belonging to 
1911 liberations, were found about the same times and places as the two instances 
above -mentioned. But more conclusive is the fact that, on the same coast, between 
Stavanger and latitude 62° N., two drifters, emanating from liberations carried out 
in the southern reaches of the Norwegian Sea in the following month (May 1911), 
stranded nearly one month and two months respectively before the earliest discovery 
of an April bottle in the same locality. 

The balance of evidence, then, points to a surface drift in a southerly direction 
through the stations under present discussion ; one and the same with that which 
carried the drifters from Stations 2 to 8 towards and into the North -East Dogger 
Bank Swirl. On this basis Table XXXIII. is constructed and, in conjunction with 
the relevant curves on Figure 24, gives account of the histories of the recoveries 
pertaining to Stations April /19 to 13. 
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TABLE XXXIII. 

APRIL 1911 LIBERATIONS. 

Stations 9 to 13 Inclusive. 

Histories of Principal Recoveries. 

Recovery. 

Course 
in 

Miles 
to 
P. 

Time 
for 
(b) 
at 
12.0 

Miles 
per Day. 

Arrival 
at 
P. 

Course 
in 

Miles 
from 
P. 

Rate 
for 
(d) 

in Miles 
per Day. 

Withdrawal 
from 

P. 

Residual 
Periods. - 

Days. - 
(f) -(c) 

(g) -60 
days. 

(a) (b) (Days.) (e) (d) (e) (f) =(g) (h) 

1529 445 37 May 18 600 9.25 July 7 50 - 
158 9 445 37 18 560 9.20 17 60 0 
23410 450 38 19 710 8.75 Sept. 11 115 55 
21113 465 39 20 725 8.90 Aug. 19 91 31 
23911 465 39 20 710 8.75 Sept. 16 119 59 
18112 480 40 21 680 9.10 July 25 65 5 
14718 515 43 26 605 9.30 4 39 - 
15813 515 43 26 625 9.25 12 47 - 
20313 515 43 26 990 9.00 15 50 - 
Despite somewhat greater anomalies in the residual periods (column (g)) the data 

of Table XXXIII. obviously support the deductions already made from Table XXXII. 
Moreover, some of the above anomalies may be more apparent than real. In the 
compilation of Table XXXIII.. due attention is paid to the consistency of the various 
routes beyond the Skaw, in relation to the dates of withdrawal from the point P. 
It is conceivable, however, that, in the region north of the Skaw, the position of a 
drifter in the surface cross -section of the stream -that is, whether it is cruising near 
the northern edge, or in mid -stream, or on the southern border of the stream -may 
determine, independently of calendar time, the further progress of the bottle, either 
into the Kattegat or more or less abruptly northwards towards the south coast of 
Norway. 

For instance, in the case of the 20313 recovery, the route charted embraces a 
wide sweep of the Kattegat north of Laesö. If, on the other hand, this bottle is 
assumed to have followed the same route within the Skagerak as the 14713 drifter, a 
course of 915 miles from P would be accomplished in 102 days at a mean rate of nine 
miles per day. In this event the residual period would be one of 58 days, the bottle 
leaving P on the 23rd of July. A residual period of this magnitude conforms to the 
theory that the North -East Dogger Bank Swirl retained its usual dimensions until 
the beginning of August 1911. 

Similarly, the Kattegat course of the 15813 bottle is restricted by that of the 
1589 recovery, in accordance with the inference based upon the date -sequence at 
P on the commencement of the final stages of the routes. Disregarding this restriction 
and assuming a longer course within the Kattegat for the 15818 bottle, its residual 
period may be brought as near as we please to 40 days, instead of, as in Table XXXIII., 
47 days. 

The 1529 return is more decidedly a misfit. 
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Within reasonable limits, then, and with one exception, all the bottles which 
escaped from the North -East Dogger Bank Eddy before the beginning of August 1911 
show residual periods which are almost exactly divisible by 20 days. In two of the 
remaining three cases the anomalies are quite distinct and, from the corresponding (h) 
values, bear out the suggestions of-.the former table. 

The logical sequel to the foregoing analysis of some of the April records is the 
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presentation of the results obtained from a close study of certain of the July 1911 
experiments, which corroborate in a remarkable way the above findings relative to 
the fusion of the North -East Dogger and Lindesnaes Eddies on or about the 2nd of 
August 1911. Nevertheless, in order to obviate digression in subsequent pages, the 
analysis of the remainder of the April records is first of all given. 

To return to the Moray Firth coast recoveries from the liberations at Stations 
April1115 and 16, and including with their examination that of the contemporaneous 
record of a Station 15. recovery at Gourdon on the mid -east Scottish coast, an attempt 
may be made to reconstruct diagrammatically the histories of the bottles concerned, 
again with the aid of Figure 32. 
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As has already been pointed out (page 38), the magnitudes of the drift -periods 
registered by these seven bottles practically affirm the existence of the Moray Firth 
Swirl during the months of April, May and June 1911. Unfortunately, these magni- 
tudes, in conjunction with the relative positions of the stranding -places, afford no 
further clue as to the routes followed after escape from the complex was accomplished. 
For instance, it is known that, at certain times, a narrow coastal stream flows eastward 
along the entire length of the southern Moray Firth shore. There is no indication 
from the actual order in which the above bottles were returned that such was the 
case during the last ten days of May and the month of June 1911, but, assuming the 
proposition meantime, the following table may be constructed on the basis of an 
average daily rate of drift of 102 miles, this vector being the mean of the seven 
velocities at which, according to the velocity -curve, the paths of the drifters concerned 
exclusive of eddy circuits would be traversed. Further, the position of Station 15 
may be regarded as the point at which drifters issued from the eddy and the measure- 
ments in the second column of Table XXXIV. relate to the curves a on Figure 25. 

TABLE XXXIV. 

APRIL 1911 LIBERATIONS. 

Stations 15 and 16. 

Moray Firth and Mid -East Scottish Coast Recoveries. 

Recovery. 
Course in Miles 

exclusive of 
Eddy Circuits. 

Time in Days 
to cover (b) 

at 10f 
Miles per Day. 

Residual 
Periods 
(Days). 

(a) -(e) = 
(a) (b) (c) (d) 

4216 53 5 37 
3215 63 6 26 
321, 93 9 23 
7216 80 7f 64f 
5116 118 11 40 
5616 126 12 44 
6516 185 17f 47f 

Within the limits of error allowable in such an analysis the quantities in the 
last column of Table XXXIV. are simple multiples of seven days, which period, on 
more than one occasion in the analysis of the 1910 data, was shown to denote the 
Period of Circuit of the Moray Firth Eddy. 

On the other hand, several of the drifters in question may have attained their 
stranding- places by more direct routes after leaving the swirl. Fulton (3b) was 
probably the first authority to adduce experimental evidence pointing to a division 
in the southward -flowing surface drift stream into the Moray Firth, this division 
occurring approximately along the meridian, 3° W. longitude. On this basis, the 
curves marked b on Figure 25 may be taken to represent the courses of the above 
bottles and in Table XXXIVa. are given the corresponding measurements and 
calculations. 
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TABLE XXXIVa. 

Recovery. 
Course in Miles 

exclusive of 
Eddy Circuits. 

Time in Days 
to cover (b) 

at 10,E 
Miles per Day. 

Residual 
Periods 
(Days). 

(a) -(c)= 
(a) (b) (c) (d) 

4216 55 5 37 
3216 53 5 27 
3218 80 7 24¡ 
7216 35 3 69 
5115 51 5 46 
5616 58 5i 50 
6516 118 11 54 

Although two of the residuá.l periods of Table XXXIVa. are 50 per cent. " out," 
it is obvious that these investigations are not sufficiently conclusive to lend a bias in 
favour of either the a or the .b routes exclusively. It is not unlikely, in view of the 
wide period embraced by the recoveries, that, in actual fact, a combination or perhaps 
an alternation of the two systems indicated above, caused some bottles to be carried 
far into the Moray Firth and some to drift eastwards towards the north -east corner 
of Aberdeenshire after their escape from the Moray Firth Eddy. 

There remains to be considered of the April 1911 experiments the results per- 
taining to Station 17, four bottles from which were recovered between the 3rd and 
15th of June on the east coast of England between Druridge Bay, Northumberland, 
and Redcar, Yorkshire. 

Liberations at this station were carried out on the 25th of April, and it is to be 
noted that, about this period, a number of March bottles liberated in the same region 
stranded on the above section of the north -eastern English coastline. These drifters, 
it is estimated, proceeded ultimately from an eddy system characterised by a Period 
of Circuit of about seven days, the mean speed of the drift in its neighbourhood being 
approximately 12 miles per day. By the month of May 1911, the velocity of the 
surface drift in the North Sea generally had apparently fallen off to a certain extent. 
In the same way as in the above analysis of the Moray Firth experimental results, 
that is, by reference to the curve of velocities, the vector of 101 miles per day may be 
taken to denote the mean rate of progress of the four drifters immediately concerned, 
after their escape from the Mid -East Scottish Coast Eddy. 

On this basis the data in question are analysed with the results shown in 
Figure 24 and Table XXXV. The Mid -East Scottish Coast Eddy is again reckoned 
to have been circular in plan at the time of these experiments and situated in the 
same locality as given in Figure 21. There is some justification for these assump- 
tions in the position, relative to this eddy, of the stranding -place of the 6515April 
bottle, which, according to the foregoing analysis, left the Moray Firth along its 
southern shore in the beginning of the month of June. 

[TABLE XXXV, 
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TABLE XXXV. 

APRIL 1911 LIBERATIONS. 

Station 17. 

British East Coast Recoveries. 

Recovery. 
Course in Miles 

exclusive of 
complete Eddy 

Circuits. 

Time in Days 
to cover (b) 

at 102 
Miles per Day. 

Residual 
Periods 
(Days). 

(a) -(c) = 
(a) (b) (c) (d) 

3917 165 16 23 
4617 175 17 29 
4217 205 20 22 
5117 205 20 31 

The relationship observable among the residual periods of Table XXXV. favours 
the validity of the assumptions and deductions upon which it is based. Apparently, 
the Period of Circuit of the Mid -East Scottish Coast Eddy, during the weeks embraced 
by these four drifters between their dates of liberation and recovery, was again 
about seven days, the rate of the drift southwards along the British east coast 
averaging, towards the end of May and in the beginning of June 1911, about 
14 miles per day. 

The analysis of the results compiled from the experiments of July 1911 follows 
immediately, as certain of these results clinch the matter of the coalescence of the 
Lindesnaes and North -East Dogger Bank Eddies during the summer of that year. 

July Liberations. 

Between the 6th and 21st days of July 1911, 116 drifters were liberated over the 
North -Western and Middle Areas of the North Sea from 18 stations disposed as 
represented on Figure 26. A total of 16 returns from the following coastal sections is 
recorded against 10 stations :- 

West Danish coast between Ringkjöbing and the Skaw . 5 
West Swedish coast . 4 
South Norwegian coast east of Lindesnaes 4 
Norwegian coast north of latitude 61° N. 3 

Of these 16 recoveries, seven registered drift- periods of less than 90 days. These 
were found mainly upon the Danish coast and originated principally from the 
eastmost of the stations visited during the month. The actual dates of stranding fall 
within the three months between September and November 1911 inclusive, thus 
linking up with the similar instances occurring in the records for the months of April 
and August 1911. 

A unique recovery was that effected " on an island near Veiholmen " on the 
12th of October, that is, on the day previous to the recovery, on Veiholmen itself, of 
the 5119August bottle. As establishing an apparent connection between the experi- 
ments of the two months this singular result may be considered first. 
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The drifter in question was despatched from Station Ju1y1117 on the 20th day 
of the month, thus recording a drift -period of 84 days. The mid -date of this period 
lay between the last day of August and the first of September, when, according to 
Figure 32, the velocity of the surface drift in the Northern North Sea generally was 
approximately 9.2 miles per day. On this basis and with due heed to the findings 
from the analysis of the August results the course represented on Figure 26 is estimated, 
measuring to scale about 770 miles. It will be observed that the given route involves 
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Figure 26. 

no eddy circuit. Nevertheless, a natural inference from the shape of the curve is that 
the extended North -East Dogger Bank Eddy lay within the bight formed over the 
area of the Little Fisher Bank ; in other words, that this bight was the direct result 
of eddy influence, knowing from the foregoing analysis of the April and August 
records that, about the epoch involved, at least one eddy system was in operation 
in the above -mentioned neighbourhood. That it was the enlarged North -East Dogger 
Bank Swirl which directed the drift of the July bottle under present scrutiny follows 
from the combination of these two deductions. Firstly, according to the April 
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analysis, coalescence of the original North -East Dogger Bank Eddy with the Lin - 
desnaes Swirl took place on or about the 2nd of August 1911 ; and secondly, in con- 
formity with Figure 32, the bottle in question would not attain the region of the 
point P' -the southern limit of the gyration -until practically the 17th day of the 
same month. At all events, the combined circulation may be taken as having been 
situated on the 17th of August 1911 about the position given in Figure 26 and, in 
this connection, comparison with Figure 23 suggests that the enlarged system moved 
gradually southwards, after its formation, to the position given on the latter chart. 
This matter is of importance to the ensuing analysis. The size of the complex is 
already settled, at least tentatively, by the Period of Circuit of some 27 days, derived 
from the results of the April and certain of the August experiments. 

As already indicated, the accuracy of the above estimate concerning the date 
upon which the two eddy systems merged is remarkably enhanced by the detailed 
examination of some of the July records. These are the eight recoveries accruing 
from the liberations at Stations July118, 9 and 10, which were situated in close 
proximity to the scene of this hydrographic transformation. On the basis of even a 
temporarily established system of surface drift over the region involved, and making 
use of a range of velocities within the limits suggested by the foregoing analyses, it 
was found to be impracticable to reconstruct with the requisite over -all consistency, 
the histories of these returns. 

A satisfactory interpretation of these July records is forthcoming only when 
the moral pointed by the April analysis is given effect in the cartographical investiga- 
tion of the problem. This is done in Figure 27 for the reading of which a " key " is 
provided. Further assistance in this direction is afforded by the numbers which 
appear at intervals along each route on Figure 27. These numbers are the drift - 
periods of the recoveries concerned and each is repeated several times along the 
appropriate curve. Since no two of the seven magnitudes detailed are identical, it is 
unnecessary to append the usual index number representative of the point of origin. 
It will be observed, however, that an index number, in Roman character, does 
accompany each magnitude, the idea being that, in the complications of the diagram, 
the various routes may be traced by following the sequence of these Roman numerals 
in respect of each return. For example, the course of the 669 recovery will be picked 
out by following the figures 66i, 66ii, 66iii, 66iv, and so on. 

Now the approximate position of the North -East Dogger Bank Eddy about the 
middle of the month of August 1911, that is, shortly after its coalescence with the 
Lindesnaes Swirl, has already been deduced from the instance of the 8417 July return. 
The resultant complex at the time in question is represented in Figure 27 by tie 
broken elliptical curve in the more northerly position. It is to be borne in mind that, 
following upon its formation, this system moved gradually southwards. 

Stations July118, 9 and 10 were operated on the 14th of that month, when, 
according to the analysis of the April 1911 records, the components of the above eddy 
formation were functioning as separate entities. Let it be supposed that, about the 
middle of July 1911, the two systems occupied the positions given by the broken 
circles on Figure 27. 

The superficial area of the original North -East Dogger Bank Eddy is gauged by 
the Period of Circuit of 20 days derived from the detailed examination of the results 
of the February liberations and also from the shorter -period returns relative to the 
experiments begun during April. Information concerning the position and size of 
the Lindesnaes Swirl is forthcoming from the analysis of a number of records con- 
sequent upon the liberations carried out during the month of May 1911. These 
follow later. According to the analysis of the August data the position of the 
combined eddy system towards the end of that month was such that its southern 
limit was defined fairly nearly by the 56th parallel. 

On these premises we shall proceed to demonstrate by a rigid analysis of the 
histories of all eight returns from the liberations at Stations July118, 9 and 10, firstly, 
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that coalescence of the Lindesnaes and North -East Dogger Swirls took place between 
the 1st and 2nd of August 1911; and secondly, that the resultant complex commenced 
almost immediately a slow translatory movement southwards. 

The practical solution of the problem of the route followed by each drifter com- 
-mences from the curve of velocities, from which the vector- ordinate corresponding 
to the mid -date of the period of drift is obtained. The product of this quantity by 
the magnitude of the drift -period, in days, yields an estimate of the mileage covered. 
The practical issue thereupon resolves itself into the construction of curves mutually 
consistent as regards time and direction and conforming to the above -mentioned 
hydrographic transformations. 

From the disposition of the diagram, Figure 27, the Station 9 drifters were 
doubtless the first to come under eddy influence, that of the original North -East 
Dogger complex. It is estimated that the 669 recovery coursed over nearly 610 miles 
in the manner indicated by the key -chart and at an average rate of 9.2 miles per 
day. One or two significant points on the curve may be noted, particularly the dates 
upon which these positions were attained. For instance, to the point A, where the 
curve is about to cross latitude 57° N., the distance is approximately 170 miles, and, 
from Figure 32, it is deduced that A was reached on the first day of August. The 
northmost point on the course was apparently passed on the 10th of August and the 
point P, from which the 66 -day bottle set off immediately towards Hantsholm, about 
the 27th of the same month. By this time, it appears, the enlarged North -East 
Dogger Bank Eddy had attained its southernmost position for the time being. 

Instead of setting off from the point P towards Hantsholm in company with 
its fellow, the 1149 drifter accomplished an additional circuit of the system in its 
stationary position, re- arriving at P some 27 days later, that is, about the 23rd of 
September. About this time some of the bottles liberated in the following month 
were in the same neighbourhood. 

Three recoveries resulted from the liberations at Station Ju1y1110. Two of these 
are so very much alike in the magnitudes of their drift -periods and the loci of their 
stranding- places that, in order to simplify the diagram as far as possible, only the 
shorter -period return, namely the 5510 bottle, is detailed thereon. There is, however, 
a fundamental difference between these two recoveries and the third return, which 
was picked up much farther south on the west coast of Denmark and for which a 
drift -period of 63 days is recorded. The 55 -day bottle is reckoned to have escaped 
being drawn into the Lindesnaes Swirl, but, turning southwards, it doubtless became 
quickly involved within the North -East Dogger Bank Eddy, which by this time 
was a few miles farther north than when the Station 9 bottles came under its influence. 
Cognisance of this fact is taken by postulating a passage eastwards between the 
points P and P' on Figure 27. In spite of this circumstance the 5510 drifter was 
(at B) behind the Station 9 bottles on the 1st of August 1911, about which date, 
apparently, the separate systems ceased to exist as such. In consequence, the north- 
ward passage of the drifter under discussion would be less undulatory than those of 
the Station 9 bottles and it would not attain such a northerly latitude before deviating 
westwards and southwards under the guidance of the now enlarged North -East 
Dogger Bank Swirl. It is likely too that in this case, the total distance along the 
route to the vicinity of the point P being somewhat less than the corresponding 
mileage covered by the Station 9 drifters, the bottle concerned turned off towards 
Hantsholm from a latitude a few miles north of the southern limit of the complex 
in its established position, namely latitude 56° N., traversing a total distance of 510 
miles at a mean rate of 9/ miles per day. 

The instance of the 5610 recovery is obviously a slight variation of the above. 
On the other hand the 6310 return does not conform to similar treatment. It 

seems that this bottle drifted first of all into the Lindesnaes Swirl in the manner 
shown by the key diagram. On the 1st of August the point C would be reached and 
in regard to the position of this point relative to the Lindesnaes Eddy, it is to be 
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observed how it corresponds with the position of A in relation to the other complex. 
Before drifting finally southwards to the region of the point P the bottle under present 
scrutiny probably negotiated a complete circuit of the combined swirl in an inter- 
mediate position. As the course is laid down in Figure 27 the distance from the 
starting -point, Station 10, to the vicinity of the point P' is practically 280 miles. 
According, therefore, to Figure 32, the date of crossing the longitude of P' was 
approximately the 13th of August, that is, only four days before the complex attained 
the position such that its southern limit was defined by the latitude of P'. Conse- 
quently, the 6310 curve passes eastwards a few miles to the north of P' and, as a 
corollary to this, the northerly limit thereafter attained by the bottle in question 
was doubtless below that of the eddy in its position of the 17th of August. These 
inferences are given due effect on the chart. The entire course run by this bottle 
was one of 580 miles overtaken in 63 days at a mean daily rate of 9.2. miles. 

The three recoveries resulting from operations at Station July118 are each of 
special interest in at least one particular. Bottles from Station 8 doubtless entered 
the North -East Dogger Bank Swirl a little to the north of P. Thereafter, until they 
arrived back at this point for the first time, the 77- and 121 -day recoveries are 
estimated to have followed a course intermediate between those laid down for the 
669 and 5510 bottles. This deduction arises from the circumstance that the 170 -mile 
mark, in this case the point D, reached on the first day of August, falls between A 
and B. The first re- arrival in the neighbourhood of the point P may be calculated to 

' have taken place about the 25th of August, that is, two days before the 669 drifter 
and one day after the 5510 bottle doubled the corresponding point to make straight- 
way for the north -west corner of Jutland. If we may put it so, the Station 8 bottles 
under discussion at the moment were not so fortunate, being caught in the swirl 
movement and 

, 
compelled to make a circuit of it. The swirl had not by this time 

quite attained its southernmost position. In fact, from this analysis it follows that 
the above -mentioned more or less established position was taken up on the 26th 
or 27th of August 1911. After the first circuit of the complex the 77 -day bottle 
escaped and proceeded towards the Skagerak entrance, but the 121 -day return 
evidently accomplished an additional round of the eddy before drifting into the less 
complicated waters of the Skagerak. In both cases the entire routes represented on 
Figure 27 are of such lengths that, occupying the full drift -period in each instance, 
they were accomplished at an average daily rate of progress defined by the vector- 
ordinate of the velocity -curve corresponding to the mid -date of each drift -period. 
The same is true of the 119 -day return from the entrance to the Sogne Fjord, in 
latitude 61° 05' N., on the Norwegian coast. The course estimated for this bottle, 
however, is peculiar. To conform to the foregoing analysis in all essential particulars 
it is to be accepted that the bottle in question " missed " the coalescence of the two 
systems on the 1st or 2nd of August, being drawn into a " tightened " swirl formation 
as depicted on the chart, before advancing northwards under the dominance of the 
resultant larger gyration. The northmost point reached corresponds to a mileage 
from the starting -point of about 330. That is, by calculation from Figure 32, the 
date of this event was doubtless no earlier than the 18th of August. It will be 
observed that the curve denoting the course of the bottle in question passes beneath 
the northerly limit of the combined eddy system in its position of the 17th of August 
1911, thus agreeing with the conditions above indicated and arising from the sum 
of this analysis. From the neighbourhood of the point P the 119 -day bottle evidently 
headed for the Skagerak, drifting far into that region before finally making its way 
along the south Norwegian coast, round Lindesnaes and away to the north. 

Before summarising the details of this analysis as regards the union of the 
North -East Dogger and Lindesnaes Eddies, attention is directed to the remainder of 
the July experimental results. 
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Once again the dearth of British east coast recoveries may be remarked upon, 
also the fact of no return having resulted from the liberations at no less than eight 
stations. 

By reason of the magnitudes of their drift- periods only five out of seven recoveries 
call for detailed investigation. All five took place on the eastern seaboard of the 
Skagerak, between the middle of October and the 9th of November 1911. The 
routes estimated for these bottles are represented on Figure 26 and the various details 
concerning them are tabulated below. It will be observed that the routes are broken 
at the point P', recommencing at the point P. The reason for this of course follows 
from the above analytical results, and the scheme conforms to these findings, as a 
study of the following data clearly reveals. 

TABLE XXXVI. 

JULY 1911 LIBERATIONS. 

Stations 4, 12, 13 and 18. 

Histories of Principal Recoveries. 

Recovery. 

Course in 
Miles 

to 
P1. 

Rates 
to 

P1 in 
Miles per 

Day. 

Arrival 
at 
P'. 

Course in 
Miles 
from 

P. 

Rates 
from 
P in 

Miles per 
Day. 

Withdrawal 
from 

P. 

Residual 
Periods. - 
Days. - 

(g) (g)-(d)_- 
(a) (b) (e) (d) (e) (f) (g) (h) 

1194 270 9.4 Aug. 11 290 8.75 Oct. 7 57 
11012 250 9.3 15 275 8.75 6 52 
11313 250 9.3 15 280 8.75 8 54 

8718 265 9.3 18 280 8.75 Sept. 14 27 
10518 265 9.3 18 230 8.8 Oct. 8 51 

The periodicity among the quantities in the final column of Table XXXVI. is 
self- evident and strongly supports the findings already obtained, for, by column (d), 
these bottles did not attain the southern periphery of the North -East Dogger Bank 
Swirl until shortly after coalescence had taken place and, once again, it is demon- 
strated that a Period of Circuit of about 27 days apparently characterised the new 
eddy. 

The routes entered for the 1194 drifter, if substantially correct, show to what 
extent, during the month of July 1911 at least, the previously deduced carry -away 
of surface water from the off -shore region of the British east coast was operative. From 
previous experiments of the year under review we know that, in close proximity to 
the position of Station July114, the Mid -East Scottish Coast Eddy was functioning 
until at least the end of the month of May. Later results show that it was in existence 
in the month of September. Despite these circumstances the bottles despatched from 
Station July114 on the 13th of that month seem at once to have drifted away from 
the area of liberation. 

Reviewing the above investigations relative to the coalescence of the North - 
East Dogger Bank and Lindesnaes Swirls in the summer of 1911, it may be allowed 
at this stage to draw attention to the abundance of information which can accrue 
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from experiments such as these. It might even be claimed that conclusive proof of 
the fact of coalescence, and almost the precise date on which the phenomenon 
occurred, is furnished by the sum of these analytical results. It is difficult to conceive 
how, if the inferences drawn from these drift -bottle experimental results of April, 
July and August 1911 are not fundamentally true to fact, such consistency could 
have been attained in the diagrammatic reconstruction of the histories of the 
recovered bottles. 

Further, once the scheme is propounded and accepted, or in other words, once 
it is definitely known that this particular phenomenon in the case of the North -East 
Dogger and Lindesnaes Eddies is likely, under certain circumstances, to occur, it is 
but a short step forward to prepare for the measurement of the event by the simple 
procedure of " sowing " drift -bottles in the area between the north end of the Dogger 
Bank and the Great Fisher Bank. In fact this region may even now be looked upon 
as a " key " area, for the time which elapses before drifters, which are set afloat in 
this part of the North Sea, strand upon Danish, Swedish or south Norwegian shores 
should yield fairly definite information as to the state of affairs in the surface waters 
off the entrance to the Skagerak. 

In the foregoing argument of the July results it is indicated that particular 
information relative to the Lindesnaes Eddy is implicit in at least a number of the 
records compiled from the experiments begun during the month of May 1911. In 
other respects also the results of the May experiments, on interpretation, throw 
additional light upon much that has preceded this, especially as regards the 
peculiarities of the initial stages of the routes laid down for drifters liberated within 
the area of the Great Northern North Sea Eddy during February and August 1911. 
The May records are therefore now dealt with. 

May Liberations. 

During the month of May 1911, a total of 206 surface drifters was despatched 
from 41 points within the North Sea north of latitude 56° N. and on two lines between 
Shetland and Faroe. 

The subsequent returns, to the number of 53, are distributed as follows :- 
Eastern shores of Shetland . . 1 

Orkney . . 1 
Southern shore of the Moray Firth . . 1 
At sea -North Sea . . . . . . 1 

Danish coast between Blaavandshuk and the Skaw . 7 
West Swedish coast and Oslofjord . . . . 3 
Norwegian coast between latitudes 60° and 62° N. 5 

north of latitude 62° N. . 34 

The liberation- stations and, within the limits of the chart, the recoveries emanat- 
ing therefrom are set out in Figure 28. Some of the broader aspects of the month's 
results are considered first, since they exhibit certain peculiarities which should be 
observed in approaching the more detailed cartographical analysis of the records. 

First of all, in comparison with the closely related experiments of exactly a year 
before, the almost entire absence of Orkney -Shetland recoveries from the liberations 
of May 1911 may be commented upon. Apparently, as already remarked in the 
Introduction to this report, the system of surface drift operative in the North -Western 
Area of the North Sea in the summer of 1910 was not repeated, at least to the same 
extent, a year later. At the same time, it is specially to be noted in regard to the 
two May 1911 bottles returned from Shetland and Orkney, one from each region, 
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firstly that they originated at points situated to the west of a straight line joining 
Sumburgh Head, Shetland, and Start Point, Sanday Island, Orkney, and secondly, 
that both stranded on the eastern side of the islands. Neither of the drift -periods 
registered is abnormally long and, taken all together, the above facts indicate at 
least a westward trend, towards the Islands, of the offshore surface waters on the 
North Sea side of Shetland and Orkney, during the months of June and July 1911. 

This deduction is enhanced by the record of a south Moray Firth coast recovery, 
on the 25th of June 1911, from the series of bottles liberated at Station May1130, 
which was situated in the open waters of the outer reaches of the Firth. The drifter 
in question was " away " for 33 days and the explanation of this long drift -period 
for such a short real distance between the points of liberation and recovery un- 
doubtedly lies in the circumstance that the bottle was carried westward into the 
Moray Firth Eddy and there delayed for about three weeks before finally drifting 
towards Portsoy in Banffshire. By reason of its recovery-date the record is associated 
with some of those pertaining to Station April1115 -see Figure 25. 

A conspicuous feature of Figure 28, one which is the more remarkable in the 
light of the foregoing discussion, is the indication of an almost total lack of returns 
consequent upon liberations at Stations May1129 and 35 to 41 inclusive, which were 
situated in the area between the mid -east Scottish coast and " The Gut." Of the 
41 bottles despatched from these eight points only one was ultimately recovered and 
that at sea, on the 4th of August 1911, at a spot some 90 miles S.S.E. of Station 40, 
where it was set afloat 71 days before. Information is lacking as to whether this 
bottle was taken from the surface of the sea, or trawled from the bottom. In the 
former event, it can be argued from the magnitude of the drift -period that the bottle 
experienced some retarding influence in its progress southwards from the point of 
liberation and for this delay the Mid -East Scottish Coast Eddy was no doubt re- 
sponsible, since bottles liberated within its region of activity on the 25th of April 
1911 are estimated to have been similarly held up until the end of the month of May. 
The fact that four of these April bottles stranded between the 3rd and 15th days of 
June on the coasts of Northumberland and Yorkshire renders still more singular 
the non -recovery of a May bottle on the same stretch of coastline. 

On the other hand, if the May bottle subsequently recovered at sea was in fact held 
up in the Mid -East Scottish Coast Eddy until the latter half of July 1911, it is curious 
that no drifter from any of the above -mentioned May 1911 stations was later picked 
up on west Danish or Skagerak coasts, in view of the result of liberations at Station 
July114, which was situated in close proximity to the swirl. Moreover, from other 
May 1911 liberations in the waters north of the region between " The Gut " and the 
mid -east coast of Scotland, nine bottles were recovered during the months of Septem- 
ber, October and November 1911 upon these shores, mainly upon the Danish coast 
north of Blaavandshuk. It is important to note that, except for one other recovery, 
similar as regards its stranding -place, but registering a drift- period in excess of one 
year, these nine drifters constitute the total return from the above coastal sections 
in respect of the May 1911 experiments and further, that they emanated from the 
liberations at the six stations within the triangle formed by joining the positions of 
Stations 26, 31 and 34. 

In the foregoing regional classification of the recoveries resulting from the 
month's liberations the largest group numerically is that specifying the 39 returns 
from the Norwegian coast north of latitude 60° N. In six cases the drifters were 
away for periods in excess of 18 calendar months. On the other hand, 11 bottles were 
found within 100 days of the corresponding dates of liberation. The following table 
gives, to within 15 or 16 days, the time- distribution of these 39 recoveries and the 
stations at which they originated 



TABLE XXXVII. 

MAY 1911 LIBERATIONS. 

Norwegian Coast Recoveries North of Latitude 60° N. 

Time -Distribution. 

Station 
No. 

Period of Recovery. 

June July Aug. Sept. Oct. Nov. Dec. Jan. After 
Feb. 29, 

16-30 1 -15 10 -31 1 -15 16 -31 1 -15 16 -30 1 -15 16 -31 1 -15 16 -31 1 -15 16 -31 1 -15 1912 

1 - - - - - - 1 

2 ---- - - - - - - 2 
3 - - - - - 1 - 1 - - - - 1 

4 - - - - - - - - - - - - - - 1 

5 - - - - - - - - -- 1 

6 - - - - - 1 - - - - - 1 - - - 
8 - - - - - - - - - - - - - - 1 
9 - - 1 - - - - - - - - - 1 - - 

10 - - 1 - 1 - - - - - - - - - - 
11 - - - - - - - - - - 1 - - 1 

12 - - - - - 1 - - - - - - - - - 
14 - - - - 1 1 - - - 1 - - - - 
15 - - - - - - 1 - - - - - - - 
16 - - - 1 - - 1 - - - - - - - 1 

18 - 1 1 1 - - - - - - - 
19 - - 1 - - - - - - - - - - 
20 - 2 - - - - -- 
21 1 - - - 1 - -- - - - - - - - 
23 - - - - - - - - - - - - - - 1 

24 - - - - 1 1 - - - - - - - - 
32 - - - - - - - - - 1 - - - - 
34 - - - - - - - - - - - - 1 - - 

Totals 1 3 4 2 4 5 2 - - 3 1 1 2 1 10 

Thus, fully half of the Norwegian coast returns from the May 1911 liberations 
were accomplished before the end of the month of September in the same year. 
Then, for a period of six weeks, involving the whole of the month of October, no 
returns are recorded, to be followed by a secondary group of recoveries in the months 
of November, December and January. 

Examined more closely, Table XXXVII. shows that those May 1911 bottles 
subsequently found upon the Norwegian coast north of latitude 60° N. originated 
at points situated, in the extreme, some hundreds of miles apart, i.e. from the 
eastern and south- eastern Faroe submarine plateau to within a few miles of the 
Norwegian coast. It will be recalled that this was also the case in connection with 
the concentration of strandings upon the eastern shores of Orkney and Shetland 
from the liberations of May 1910. 

Even among the shorter -period 1911 returns from Norway are numbered bottles 
which were despatched at points in the Faroe -Shetland Channel area. In fact, only 
the last 4 of the 22 stations included in Table XXXVII. were situated within the 
conventional boundaries of the North Sea and the question of the route by which 
the bottles from the remaining 18 stations ultimately reached the Norwegian coast, 
whether by way of the Northern North Sea, or directly north -eastwards through the 
southern area of the Norwegian Sea, is an all -important one. 
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In the first place, the five Norwegian coast returns pertaining to the North 
Sea liberation -stations were not the first of this class to be discovered. The earliest 
recoveries belonged to the series of bottles liberated at Stations 9, 10, 16, 18, 19, 
20 and 21 and, except in two instances, took place north of latitude 62° N. The 
two exceptional recoveries, effected, one within the limits of, and the other just 
13 miles beyond, the North Sea section of the Norwegian coast, began their careers 
at Station 18, which, in contradistinction to the corresponding experimental results 
of 1910, is the only station of the May 1911 group, situated outwith the North Sea 
proper, in respect of which two distinct classes of recoveries are recorded, namely, 
(i) such as were effected within the North Sea, or in the Skagerak, and (ii) those which 
took place in the higher latitudes of the Norwegian coast. 

From these considerations, therefore, the question of the entry into the North 
Sea, of drifters liberated during May 1911 in the Faroe -Shetland Channel region and 
in the southern part of the Norwegian Sea, cannot wholly be answered, although the 
results of the experiments commenced at Stations 12 and 14 do indicate that drifters 
from the region of the Continental Shelf to the west of Shetland cruised into the 
Northern North Sea during the month of May 1911 before finally making their 
passage northwards along the Norwegian coast. It might indeed be pressed that 
the mere fact of North Sea recoveries having resulted from the liberations at these 
two stations and Station 18 is indicative of the operation during May 1911 of a 
surface current system, along the northern edge of the Continental Shelf, analogous 
to that deduced from the experimental records relative to the month of May 1910 
and delineated in Figure 9. 

Further enlightenment on this important matter is to be sought in a more rigid 
analysis of the data for the month, taking as the starting -point the Station 18 results, 
which claim first attention, not only because they include at least one instance in 
each of the above- mentioned two classes of recoveries, but on account of the short 
drift -periods registered by the three returns recorded against this station. With 
reference to the loci of recovery the three drift -periods do not appear to bear any 
direct relation to one another, so that the problem of the routes overtaken is to be 
investigated on the usual basis of consistency in direction and mean velocity of 
progress, the latter factor subject to the velocity- curve. 

From the liberations at Station 18 on the 17th of May the shortest -period return 
was that from the Island of Aspo in North Bergenhus (latitude 61° 13' N.), 59 days 
after despatch. For obvious reasons the assumption of a direct route in this case is 
at once to be ruled out. It is practically without question that the drifter reached 
its stranding -place from the south, in common with all other returns from the 
Norwegian coast, and this in turn presupposes a Northern North Sea itinerary. 

The mid -date of the drift -period of the 5918 recovery was the 16th of June, when, 
according to Figure 32, the surface drift -velocity in the Northern North Sea was 
about 10.1 miles per day. Taking this vector as an expression of the mean rate of 
drift of the above bottle over its entire course, occupying the full drift- period, the 
lineal dimension of that course works out at 596 miles. As to direction, it may be 
argued by analogy with the corresponding experiments of the previous year that 
the bottle's course within the Northern North Sea was governed largely by the Great 
Eddy circulation. A closer scrutiny of this and certain other results from the May 
1911 experiments, however, suggests a modification of the system in that year from 
the representation given in Figure 15 for instance and referring to 1910. 

Attention has already been drawn to the fact that the significant Danish coast 
and Skagerak recoveries arising from the present experiments belonged exclusively 
to six series of liberations carried out within a restricted sea area. From these same 
liberations there resulted only two Norwegian coast recoveries outwith the Skagerak 
and in comparison with the bulk of the remainder listed in Table XXXVII., these 
two bottles registered long drift -periods. With reference to the route followed by 
the 5918 bottle, however, the magnitudes of these periods are of less importance 
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than the positions of the stations (numbers 32 and 34) from which the drifters 
originated. 

Within 70 miles north of the triangular area defined by Stations 26, 31 and 34, 
lay Stations 24 and 25. Unfortunately, no recovery is recorded against the latter 
station, but from Station 24, only Norwegian coast strandings eventually ensued. 
Two are noted and their drift -periods are intermediate between those of the above - 
discussed returns pertaining to Stations 32 and 34 and that of the shortest- period 
Station 18 bottle. It will be evident later that one of the periods is almost exactly 
comparable with that registered by a third return emanating from the liberations 
at Station 18. The important point to observe now is that the course of the 5918 
recovery, by reason of the above circumstances, doubtless passed southwards on 
the east side of Stations 24, 32 and 34, but nearer to the first -mentioned station than 
the latter two. 

A further item of circumstantial evidence, which, as it happens, is of immediate 
service in the diagrammatic construction of the course of the 5918 recovery, is the 
fact that, although Station 26 was practically midway between and in longitudinal 
alignment with Stations 24 and 32, no Norwegian coast recovery resulted from the 
liberations at this point, the sole return coming from the west coast of Denmark. 
The undulatory section of the course plotted on Figure 28 is thus explained, but only 
in part. The deviation is of still further significance. Neglecting it, difficulty is 
experienced in tracing a route of the requisite length, to comply with the above 
deductions and also to pass clear of surface water complications known to exist at 
the time in proximity to the regions through which the drifter almost certainly 
cruised. Moreover, on the evidence of the data for the month, it is incumbent upon 
the investigator to consider all reasonable deviations in the bottle's course before 
giving the same a bias towards the Skagerak. 

About 60 miles farther south on the Norwegian coast, namely, on the Island of 
Great Kallsö in latitude 60° 08' N., a second drifter belonging to the Station 18 series 
was picked up nearly a month later than the first recovery. On the basis of an 
average daily rate of drift of 9.8 miles, the vector being derived from the velocity - 
curve in the usual way, a course of no less than 843 miles can be advanced. Moreover, 
the same limitation as regards the passage of the bottle into the waters of the 
Skagerak area is applicable in this case as in that of the shortest -period return. 

With a view to maintaining some degree of directional consistency in the courses 
of these two bottles, the difference in the lengths of the routes may be explained by 
the influence of an eddy gyration upon the longer -period drifter. The date and place 
of recovery of the latter bottle, in conjunction with the conclusions derived from the 
analyses of the results of experiments begun in April, July and August 1911, afford 
a clue as to where this retarding influence had effect. Prior to the 2nd of August 
an eddy was functioning in the region off Lindesnaes -the Lindesnaes Eddy. With 
reference to Figure 32 it can be shown that the 8618 bottle, recovered on the 11th 
of August, doubtless withdrew from this swirl formation before the beginning of 
that month. 

The position and size of the Lindesnaes Eddy in the epoch of the present experi- 
ments is of some consequence and from the data these characteristics can be gauged 
fairly nearly. The interpretation of the July results indicated that this system was 
of somewhat smaller extent superficially than the North -East Dogger Bank Swirl, 
which was operating a few miles to the south or south- westward of it. Without 
entering into detail, which is implicit in the following figures, the present results 
show that, during the month of July 1911, the Lindesnaes Eddy moved slowly 
north -westwards. It will be sufficient to consider only two positions of the entity, 
namely, so far as concerns the May 1911 drifters, the extreme positions. These are 
given approximately in Figure 28. The point Q is to be regarded as the point of 
entry into the swirl and Q' the corresponding point of exit from the system. 

Reverting to the 86l8 recovery, it can be shown with the aid of Figure 32 that, 
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to the point Q, a distance of approximately 490 miles would be covered in 48 days 
at a mean speed of 10¡ miles per day and from Q' to the stranding- place, 22 days 
would be occupied in traversing 210 miles at an average daily rate of 9.35 miles. On 
this basis the date of the bottle's withdrawal from Q' was the 20th of July 1911. 
Sixteen days of the total drift- period thus remain to be allotted to that part of the 
course within the Lindesnaes Swirl, and in comparison with the Period of Circuit 
of 20 days which has been deduced in respect of the North -East Dogger Bank Eddy, 
this residual period of 16 days seems appropriate to one circuit of the Lindesnaes 
system. 

Turning now to the 65 -day recovery belonging to the Station 18 group of bottles, 
it is obvious, from a consideration of its drift -period and its stranding -place in 
relation to the above two recoveries that, as regards its course, something radically 
different from the courses of the latter bottles must be proposed. Preserving as far 
as possible consistency of direction and velocity, a route of 650 miles is represented 
on Figure 28. It is clear from the chart that a curtailed course within the Northern 
North Sea, in the manner indicated, is to a certain extent justified by the above - 
discussed peculiarity in the routes estimated for the other two bottles from the 
same liberation -station. The courses given for certain of the August bottles (Figure 
23) liberated in the region concerned, gives further credence to this interpretation. 
It is not improbable that the deviation of the 6518 drifter from its fellows was even 
less rapid than as delineated on the chart, by reason of the north -easterly drift along 
the Norwegian coast north of about latitude 62° 30' N. being appreciably faster than 
that governing the contemporary surface water circulation within the Northern 
North Sea. 

Since, in connection with the results pertaining to Station 18, mention is made 
of the records accruing from the liberations at Stations 24, 26, 32 and 34, the carto- 
graphical interpretation of these records may now be given. 

Of the Station 24 series of bottles two were ultimately recovered on the Nor- 
wegian coast north of latitude 62° N., as previously stated. The shorter -period 
return attained the more northerly stranding- place. By the route given on Figure 
28 both bottles are estimated to have traversed about 370 miles to the point Q. At 
an average speed of 10.3 miles per day 36 days would thus be accounted for. 

From Q' the 103 -day recovery presumably coursed a distance of about 475 
miles in 51 days, leaving Q' on the 8th of July. The residual period of 16 days 
establishes a relationship between this drifter and the 8618 return. 

In the case of the 118 -day bottle from Station 24, the residual period works out 
at 36 days, which is sufficiently near to warrant the conclusion that two circuits of 
the Lindesnaes Eddy were made prior to the 30th of July, on which day, apparently, 
the bottle in question set out from Q'. This date is quite significant in view of the 
analytical findings arising from the data for April and July 1911 in regard to the 
date of coalescence of the Lindesnaes Swirl with the North -East Dogger Bank Eddy. 

The only remaining Norwegian coast returns emanating from the North Sea 
liberations of May 1911 are those recorded against Stations 32 and 34, and, as can 
be seen from Table XXXVII., the two recoveries in question, on account of the 
magnitudes of their drift -periods, belong to a well- marked secondary group in this 
class of return. By means of the customary measurements and calculations it can 
be demonstrated practically beyond doubt that the primary cause of this grouping 
lay in the phenomenon of the coalescence, in the first days of the month of August 
1911, of the two eddy- systems above -mentioned. 

In comparison with the Station 24 returns it is clear that, of the two instances 
under discussion, even the shorter -period recovery (which also attained the more 
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northerly stranding- place) could not have commenced its passage northwards from 
Q' until after the Lindesnaes Eddy had ceased to function as a separate entity. But 
from the disposition of the curves from Stations 18 and 24, it is more than likely that 
the drifters despatched at Stations 32 and 34 cruised into the original North -East 
Dogger Bank Swirl. Even so, and allowing for the 17132 drifter a route from the 
point P to the stranding -place embracing the northern area of the Kattegat, the 
bottle's escape from the complex situated off the entrance to the Skagerak cannot 
have taken place until after the 2nd of August 1911. 

The last remark applies also to the west Danish coast and Skagerak recoveries 
ensuing from the same two series of liberations and equally to those from the remain- 
ing four points, with which, by reason of these results, Stations 32 and 34 are 
associated. None of the nine drifters concerned left the point P before the beginning 
of September. From the routes given on Figure 28 from the respective liberation - 
stations into the North -East Dogger Bank Eddy, it can be shown that the dates of 
arrival at P lay between the 14th and 24th days of June. Thereafter, two circuits of 
the original eddy appear to have been accomplished before these May bottles became 
involved in the complicated system of drift which has been elucidated in detail by 
the cartographical analysis, on Figure 27, of certain very appropriate July records. 

With the foregoing analytical results as an approximate guide, the remainder 
of the month's records, especially the Norwegian coast returns, may be further 
examined. 

Of all the May bottles returned from Norway, the shortest -period records relate 
to the series of bottles liberated at Stations 20 and 21. Three drifters despatched 
from these two points reached the vicinity of Trondhjem Fjord in from 40 to 50 
days. The geographical relationship of the two liberation- stations to the northerly 
flowing current along the Norwegian coast suggests, in these three cases, the 
accomplishment of fairly direct routes. This, however, entails the assumption of 
mean daily rates of drift of only four to five miles. On the other hand, the drift - 
periods are too short to cover even a curtailed North Sea cruise on the lines of that 
laid down for the 6518 drifter, although it may be recalled that, a year previously, 
from exactly the same position as Station May1120, one drifter ultimately beached 
upon the Shetland Islands. 

A possible interpretation of the three drift -periods depends again upon the 
theory of eddy influence, the eddy being situated within 100 miles north of the area 
in which the drifters were set afloat. Such a system is diagrammatically represented 
in Helland- Hansen and Nansen's chart of the Norwegian Sea circulation, published 
in 1909.* On this basis, the three recoveries in question are analysed with customary 
reference to the curve of velocities. The results are as follows :- 

* B. Helland- Hansen and F. Nansen : The Norwegian Sea. Its Physical Oceanography. 
Report on Norwegian Fishery and Marine Investigations, Vol. II., 1909, No. 2, p. 9. 

[TABLE XXXVIII. 



TABLE XXXVIII. 

MAY 1911 LIBERATIONS. 

Stations 20 and 21. 

Histories of Principal Recoveries. 

Residual 
Course in Miles Days to Periods. 

Recovery. exclusive of Rate at which cover (b) - 
Eddy Circuits. 

(b) overtaken. at, rate (c). Days. 

(a) -(d)_ 
(a) (b) (e) (d) (e) 

4021 190 10 3 18 22 
4020 200 10.2 20 `26 

5020 250 10 2 25 25 

The residual periods are thus fairly uniform and, within reasonable limits, 
Table XXXVIII., in conjunction with the relevant curves on Figure 28, may be said 
to give account of the drifters concerned. 

A second recovery in approximately the same region resulted from the Station 
21 series of liberations, but after the much longer period of 97 days. Analysed on 
the above principle the residual period is one of 88 days and is not therefore in very 
close association with the mean of the three residual periods pertaining to the earlier 
returns. Station 21, however, was situated so near to the Norwegian coast that an 
alternative route seems out of the question. There appears, then, to be no better 
explanation of the anomaly of the longer -period Station 21 return than that the 
drifter lay undiscovered upon the beach for some days. 

The estimation of the initial direction taken by the bottles despatched from 
Station 19 presents some difficulty in view of the intermediate position of this libera- 
tion -point between Stations 18 and 20, through which two stations the drift of surface 
waters was apparently in opposite directions in the month of May 1911. But, taking 
account of all relevant circumstances, particularly the probability of the single 
recovery resulting from the Station 15 liberations having cruised within the Northern 
North Sea, the evidence points, on the whole, to a like happening in the case of the 
6719 drifter, which, therefore, on the basis of Figure 32, traversed a distance of 670 
miles on a path similar to that laid down for the 6518 bottle. 

Passing on to the experiments begun at stations situated west of Station 18, 
the first point from which a short -period Norwegian coast recovery ensued is Station 
16. After 86 days from the 17th of May, a bottle belonging to this station was found 
on the Island of Flemsö, in latitude 62° 41' N. A chart comparison of this instance 
with that of the 5915 bottle suggests a fairly close relationship between the two and, 
on this inference, the course given on Figure 28 for the Station 16 bottle is derived. 
The curve measures to scale about 840 miles, overtaken in the time given at a mean 
speed of 9.8 miles per day. 

The route given for the above drifter leads to the interpretation of a second 
recovery pertaining to Station 16. The 124 -day bottle picked up about 55 miles 
further north on the Norwegian coast doubtless entered the Lindesnaes Eddy after 
the manner of the 8618 bottle. To the point Q approximately 575 miles would be 
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covered in 56 days at an average rate of 104 miles per day and from Q' a further 
54 days would be required to reach the stranding -place, the latter part of the journey 
commencing in the last week of July. Fourteen days, therefore, are left to be 
accounted for by a circuit of the Lindesnaes Swirl and this figure compares well with 
those derived from the 8618 and 10324 returns. 

Only one of the Station 15 group of bottles was ultimately recovered, being 
found in the neighbourhood of Bodö (67° 18' N., 14° 22' E.), 125 days after the date 
of liberation. From the position of Station 15 it is of course possible that this drifter 
passed eastwards into the complication which retarded the progress of bottles from 
Stations 20 and 21. On the other hand, a North Sea itinerary for the Station 15 
bottle provides a simpler analysis of its drift -period and one which conforms in 
greater degree to the general scheme of Figure 28, involving no time spent in gyratory 
movements. 

The mid -date of the drift -period was the 19th of July 1911, from which the 
mean rate of progress of the bottle in question over its entire course was about 91 
miles per day. This entails a mileage of nearly 1200. The simplest curve to this 
dimension and following out the above suggestions is that which, proceeding into 
the Northern Area of the North Sea as indicated on Figure 28, coincides with the 
5918 curve, practically to the stranding -place of that drifter, thereafter following 
the direction of the route taken by the 6518 bottle. 

There can be no doubt that the Station 14 bottles, two of which were returned 
from Norway after 104 and 115 days respectively, passed into the North Sea soon 
after being set adrift. It is to be observed particularly, however, that only Norwegian 
coast recoveries resulted from this series of liberations. It is not therefore permissible 
to argue that the drifters from this point entered the Northern Area of the North 
Sea immediately on rounding the northmost of the Shetland Islands, for, in this 
event, the courses of the bottles would almost certainly pass through the triangular 
area defined by Stations 26, 31 and 34. The significance of such routes has already 
been fully explained. 

The magnitudes of the two drift- periods, together with the fact that the 
shorter -period recovery stranded farther north on the Norwegian coast than its 
fellow, are suggestive of eddy influence and a comparison of these results with the 
Station 24 records is instructive. Taking for granted that the Station 14 bottles 
passed over the position of Station 24 and drifted along the path of the curve traced 
from that point into the Lindesnaes Eddy, the following analysis of the returns 
under immediate investigation can be made. 

Both bottles, travelling at a uniform rate of 104 miles per day, would reach the 
point Q on the 45th day after liberation. The shorter -period recovery would require 
44 days to complete the final " straight " portion of its passage from Q', and the 
115 -day bottle, 33 days for the like phase of its history. Residual periods of 15 and 
37 days ensue from these determinations. 

The first quantity is almost exactly in agreement with similar periods already 
deduced from certain other of the month's records and presumably denotes the 
Period of Circuit of the Lindesnaes Swirl. The second period, however, is at least 
four days in excess of the time necessary, on the same basis, to accomplish a double 
circuit of the system. Examined more closely it is revealed that the period of 37 
days signifies the bottle's escape from the eddy at Q' on the 6th of August, that is 
four days after the system had, by our former analyses, joined forces with the North - 
East Dogger Bank complex. Under these circumstances, it is reasonable to suppose 
that the excess four days elapsed after the completion of the drifter's journey. 

The earliest record pertaining to Station May113, that is, the 121 -day return 
from the Lofoten Islands, is comparable with the 12515 bottle. It may confidently 
be accepted then that the Station 3 drifter also cruised into the Northern North Sea, 
probably following a route within that area similar to the course estimated in the 
latter case. In both instances, it should be mentioned, exact coincidence of the 
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North Sea courses with that of the 5918 bottle entails a total mileage a little in excess 
of that deduced from a strict application of the principle of the velocity- curve. As, 
however, more than half of the bottles' full courses traversed regions where, it is safe 
to assume, the surface drift velocity is generally somewhat greater than that prevailing 
in the same epoch within the Northern North Sea Area, this circumstance, rather than 
discounting the accuracy of the analysis, might be looked upon as substantiating the 
argument, on page 34, from which one of the cardinal points on the velocity diagram 
is derived, namely, the vector -ordinate, nine miles per day, corresponding to the date, 
18th September 1911. 

On the other hand, due attention must be paid to the wider significance of the 
North Sea routes laid down for the 6518 and 6719 bottles. Apparently, in the month 
of May and possibly June 1911, the Great Northern North Sea Eddy was not only 
of much smaller dimensions than in the corresponding months of the previous year, 
but was centred in a more northerly position. This matter will be referred to again 
in the summary discussion of the analytical results of the work for the whole year. 
The point to note at this stage is the possibility that some of the bottles subsequently 
returned from the higher latitudes of Norway, especially those belonging to liberations 
in the Southern Norwegian Sea and the more westerly districts of the Faroe -Shetland 
Channel, may have been involved for a time in this " tightened " circulation, thus 
cruising no farther into the North Sea than about latitude 59° N. This hypothesis 
gains support from the fact that, in one or two cases of longer -period recovery on the 
Norwegian coast, the postulation of routes leading into the Lindesnaes complication 
entails the argument that the bottles were retained in this system until after the 2nd 
of August 1911, that is, until after the Lindesnaes Swirl had lost its separate identity. 
On the grounds that no Skagerak recovery resulted from these same liberations, while, 
as already demonstrated, a number of strandings took place in this region from certain 
other liberations of the month, the argument is hardly permissible. The second 
recovery recorded against Station 3 is a case in point. 

With reference to the northerly line of liberations between Shetland and Faroe 
the only other recovery which need be particularised is the 1226 bottle found near 
Lund in Namdalen, Norway (64° 46' N., 11° 37' E.), on the 10th of September 1911. 
The results of experiments launched in the same area almost exactly a year before 
suggest that from Station May116 the bottles there set afloat would drift away first 
of all in a southerly direction. The present data, however, furnish no indication of 
a complete circuit of the Faroe Islands having been made before the drifters in 
question set off finally towards the east. To represent the course presumably taken 
by the 122 -day bottle into the Northern Area of the North Sea a curve is traced on 
Figure 28. Thereafter, within the North Sea, the route is defined by the curve 
relevant to the 5918 bottle among others detailed above. The entire course measures 
about 1175 miles which is the distance required to occupy the full drift -period of 
122 days. 

From liberations on the southern line of stations, transverse to the Faroe - 
Shetland Channel, two short -period Norwegian coast strandings resulted, each from 
a different station, but both registering almost the same drift -period, although the 
stranding -places were many miles apart. On the chart, Figure 28, a course is planned 
for the 779 return which conforms to the requirements of the curve of velocities, in 
that a distance of 770 miles would be overtaken in 77 days at a mean speed of 10 
miles per day, the vector, as usual, corresponding to the mid -date of the period of 
drift on the above curve. It will be observed that the estimated route lies through 
the positions of Stations 1, 16 and 18 and that a " fore -shortened " cruise within the 
Northern North Sea is required to meet the conditions of Figure 32. 

The short -period Station 10 recovery is more difficult to reconcile with the 
results already obtained. Obviously, from the appearance of Figure 28, a course 
over at least a portion of the Northern North Sea must, in this case, be accepted. 
Assuming, therefore, that the path of the drifter was, for the greater part, coincident 
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with the course laid down for the 6518 bottle, a distance of about 860 miles would be 

traversed. The mean drift -speed consequent upon this assumption is nearly 112 

miles per day, which is about 11 miles per day greater than that recorded by the 
velocity -curve for the mid -date of the bottle's drift -period, namely, the 20th of June 
1911. As, however, the greater part of the route inevitably lay through the relatively 
fast -moving current from the Faroe -Shetland Channel towards and along the Nor- 

wegian coast, the higher vector derived from this instance is no doubt largely explained 

by the circumstance. In this respect the record is in the same category as the 
shortest -period Station 3 return and the single recovery pertaining to Station 15, for 

the analyses of these two records afford similar indications of an accelerated surface 

current northwards along the Norwegian coast. 
The detailed examination of the second Station 10 return not only supports the 

contention of a modified North Sea cruise for the above bottle, but is of further value 
in the matter of the position of the Lindesnaes Eddy about the end of the month of 

June 1911. On the basis of Figure 32 this bottle covered a total distance of nearly 

985 miles at a uniform speed of 9.1 miles per day. Applying this result to the con- 

struction of a representative curve on Figure 28 it can be shown diagrammatically 
that, following the direction taken by the Station 24 bottles from the position of that 
liberation -point to the Lindesnaes Eddy at Q, the present drifter would accomplish 
the above distance only if it did not become definitely involved in the gyration. This 

bottle evidently proceeded almost immediately northwards from Q towards and 
along the Norwegian coast, being merely guided by the circulatory movement, to 

execute this comparatively sudden change of direction from east to north. 
Among others, the Norwegian coast recovery belonging to the Station 12 series 

of bottles furnishes an instance where it cannot be accepted that escape from the 
dominance of the Lindesnaes Eddy took place before the event of the coalescence 
of that system with the North -East Dogger Circuit. As already pointed out, to assume 
that, in such a case, the drifters concerned were at all involved in either of these 
complications conflicts with the fact of there being 
coast recovery from the same or similarly situated liberations of the month. The 
interpretation of these records would seem to lie in the operation of the much 
restricted Great Northern North Sea Eddy, retaining these bottles for some time in 

the area of the North Sea between latitudes 59° and 61° N. The following analysis 
illustrates the point. 

The more unique and therefore more important record pertaining to Station 
May1112 is the 79 -day recovery effected near Haroldswick on the east side of the 
Island of Unst, Shetland, on the last day of July. From the curve of velocities it 
may be argued that this bottle traversed a " straight " course of nearly 790 miles. 
Including almost two complete circuits of the above -mentioned eddy, the bottle being 
" thrown off," as it were, in the second circuit, this mileage can be exactly accounted 
for in the manner indicated on Figure 28. Such a course as that represented on the 
chart is in accordance also with the evidence drawn from other and similar data from 
the month's experiments, to the effect that the stranding -place was doubtless attained 
almost directly from the east and not to any significant extent from the south, as in 

the like instances of recovery accruing from the May 1910 experiments. 
This must also apply to the 20 -day Orkney return from operations at Station 

May1113. The drift -period is markedly too short to give credence to a route north- 
wards from the starting -point and encompassing the Shetland Islands and is overlong 
for the assumption of a direct course from liberation- station to stranding- place. The 
period is exactly absorbed, however, on the understanding that, before being washed 
ashore, the bottle in question made a complete circuit of the Orkney Islands. This 
phenomenon of an anticyclonic surface drift encircling these islands has already been 
deduced on more than one occasion in the course of this work, for example, from the 
results of the experiments of May and August 1910 and of August 1911. 

The single recovery ensuing from the liberations at Station May1130 has received 
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sufficient mention on page 59 and this analysis might be concluded with a further 
comparison of the May 1911 experiments with those begun in the corresponding 
month of the previous year over the same widespread areas in the Northern North 
Sea, the Southern Norwegian Sea and the Faroe -Shetland Channel. 

An essential point of similarity between the two sets of results is the strong 
implication of the curves on Figures 9 and 28 to the effect that, in both years, the 
dynamic connection between the waters of the Faroe -Shetland Channel and the 
Northern North Sea lay principally through the region of the Southern Norwegian 
Sea. In other words, the main impulse behind the Northern North Sea surface water 
circulation appears to have been propagated almost exclusively through the opening 
between Shetland and Norway and not to any significant extent by way of the 
passages between Shetland and the mainland of Scotland. Further, and concerning 
the same phenomenon, the striking peculiarity of the direction of the surface drift - 
stream along the northern edge of the Continental Shelf, which was the outcome of 
the 1910 analysis, is again revealed in the above treatment of the 1911 data. 

As a predisposing cause of the tortuous deviations of the surface drift current in 
the northern gateway to the North Sea the Great Eddy circulation has been cited.* 
As a closed system, this entity in 1911 appears to have been confined within very 
much narrower limits, north and south particularly, than a year before. In Figure 
28 the complex retains its elliptical shape, but its major axis is inclined at an angle 
of nearly 30° to the meridian of 2° E. with which the corresponding dimension 
of the 1910 circuit coincided. 

Instead of being held up within the above eddy, as were so many of the 1910 
bottles, a greater proportion of the 1911 drifters apparently passed into the smaller 
complications situated off the entrance to the Skagerak. Despite this circumstance, 
the number of May 1911 bottles subsequently recovered on Skagerak shores is not 
significantly larger than that of similar returns from the May 1910 liberations. 

It may be noted too that, in,marked contrast to the results of the previous year's 
liberations, no recovery from the May 1911 experiments was effected on Danish and 
Schleswig- Holstein coasts south of Blaavandshuk. It has already been demonstrated 
-Introduction page 9 -that this feature has no immediate connection with the 
absence of returns in 1911 from the British coast south of about latitude 54° 30' N. 
In 1910 at least two strandings took place below latitude 54° N. The indication of 
this difference between the results for the two years is that, in the summer of 1911, 
the drift -stream emanating from the north and flowing southward approximately 
parallel to the British east coast did not push so far south on the west side of the 
North Sea as in the preceding year. The eastward trend of the stream appears to 
have been more rapid in the second year, an inference which is borne out not only 
by the statistical examination of the data for the two years, but by a comparison of 
the charts relating to the two summers. 

June Liberations. 

Actually, only two points, both of them within the North Sea, were visited for 
the purpose of liberating drift -bottles in the month of June 1911. At the first of 
these, situated over the south -western edge of the Fladen Ground, 10 bottles were 
set adrift on four separate occasions, on the 1st, 2nd, 10th and 12th days of the 
month. At the second point- Station 5 on Figure 29 -again 10 bottles were liberated, 
the date of this despatch being the 19th of June. 

In all, 10 drifters were recovered as a result of these operations, two of them on 
the Norwegian coast north of latitude 62° N. after more than a year's freedom. Four 
bottles were picked up during September and October 1911 on the Danish coast 

* Fisheries, Scotland, Sci. Invest., 1930, IV., p. 52. 
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between Ringkjöbing and Hirtshals and another, emanating from Station 5, was 
returned from this same coastal section in the month of December. One bottle was 
found on the west Swedish coast in November and the remaining two on the Norwegian 
coast between latitudes 60° and 61° N. in September and October respectively. 

With particular attention to the direction of the curves passing over the region 
of the Fladen Ground, a glance at Figures 26 and 28 urges the conclusion that the 
bottles set afloat at Stations June111 to 4 would drift towards the North -East Dogger 
Bank Swirl, where, on the basis of Figure 32, they would arrive in the beginning of 
the following month. It is equally clear from a perusal of the dates and places of 
recovery of the eight bottles concerned that, with the possible exception of the 
shortest -period return, none of the others quitted the region of the above eddy until 
some time after its coalescence with the Lindesnaes complex. 

The complicated involutions of the actual process of this combination having 
been fully worked out for certain most convenient records from the experiments 
inaugurated in the month of July 1911, it is unnecessary to elaborate this point 
further with reference to the above June results. 

Only the above -mentioned shortest -period recovery which, incidentally and 
neglecting the two longest -period returns, attained the most northerly stranding - 
place, need be considered in detail at this stage. The bottle referred to was returned 
from the vicinity of Fedje Fjord, in latitude 60° 50' N., 97 days after liberation at 
Station 2. According to the curve of velocities this drifter covered a total distance 
of about 920 miles at a mean daily rate of 9+ miles. By this calculation, it can be 
demonstrated graphically, there is insufficient time to allow of a complete circuit of 
the original North -East Dogger Bank Swirl. To absorb the full drift- period, therefore, 
the course estimated for this bottle is made to pass a little way into the Kattegat, a 
postulate which receives support from the analysis of some of the previous records 
for the year, notably certain of those pertaining to the experiments of April. 

The position of Station June115 in relation to the region of activity of the Mid - 
East Scottish Coast Eddy, together with the absence of any British coast recovery 
from the liberations at that point, vitiates at the outset any attempt to analyse even 
the shorter -period Continental return belonging to the series. There is a possibility 
that the bottle concerned drifted into the South -West Dogger Circuit, but it is more 
likely, in view of the July experimental results (see Figure 26), that this gyration was 
avoided and that, after leaving the mid -east Scottish coast region from a latitude 
higher than that of the liberation- station, the drifter passed fairly rapidly eastwards 
and into the North -East Dogger Bank Eddy. In any event, two complications were 
doubtless encountered in the interval between the middle of June and the middle, 
practically, of December 1911, when the recovery took place on the west coast of 
Denmark, near Lyngvig Light. 

At its present stage the curve of velocities extends only to the date 18th 
September 1911. It is from the results of the October 1911 experiments that the 
curve can be advanced further. These results are therefore now taken. 

October Liberations. 

The work of despatching drift -bottles was continued during the month of October 
1911 on a line of nine stations commencing over Smith Bank in the Moray Firth and 
running north -eastwards for about 150 miles. These stations were visited on the 
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11th and 12th days of the month, 12 bottles being cast adrift at the first point and 
five from each of the remaining eight, with the exception of Station 8, from which 
10 bottles were liberated. On the 15th of the month a further five bottles were set 
afloat at a point a few miles off Buchan Ness, Aberdeenshire. 

Recoveries from the above experiments totalled 16, the most significant being 
those seven returned from Orkney and one from Shetland. The points of origin of 
these drifters were Stations 2, 4, 5, 7 and 8. Three recoveries took place on the 
north -western shore of the Moray Firth, all three emanating from Station 1. Like- 
wise, all four bottles picked up on the north -eastern corner of Aberdeenshire 
belonged exclusively to the last group of bottles to be despatched. Only one 
recovery was effected on a foreign coast, namely, on the Island of Senienö in 
Northern Norway. This bottle registered a drift -period of about six and a half 
months. 

Among the recoveries effected upon the shores of Orkney none stands out clearly 
as an index of the probable routes overtaken by the others. At first sight it would 
appear to be unfortunate that the stranding -place of the only recovery from the 
Station 2 group of drifters is somewhat inaccessible to the open sea, but, as will be 
evident in the following, the practical analysis of the drift -period of the bottle in 
question does lead to a consistent explanation of most of the other returns from these 
islands. 

The positions, relative to each other, of the liberation- station and the stranding - 
place at once indicate a northerly drift of surface waters towards Orkney from the 
region of the Moray Firth, but a direct course for the Station 2 drifter leads to the 
deduction of a low mean rate of drift to which the remaining returns cannot be made 
to conform, having regard to the several requirements of this analysis. It is con- 
ceivable, however, that this bottle cruised first of all in a southerly direction into the 
Moray Firth and was to a certain extent influenced by the Moray Firth Eddy, which 
the results from Station 1 indicate to have been in operation at the time. On this 
hypothesis, a course of about 120 miles is represented on Figure 30, thus entailing 
an average daily rate of progress of eight miles. It will be observed that the estimated 
route passes round the boundary of the Moray Firth Eddy. 

A similar course into the Moray Firth obviously cannot be advanced for the 
earlier Station 4 recovery as this would mean the assumption of a drift -speed almost 
double of that deduced above. But, arising from the route accepted in regard to the 
Station 2 bottle, it is evident that, in the area off Wick, contrary- flowing drift -streams 
passed in fairly close proximity to each other ; so that a drifter proceeding southwards 
on the western edge of the stream making in that direction might readily pass over 
into the northerly directed current in this region. In the case of the 11 -day Station 4 
bottle a course of about 90 miles would be covered in this manner at a uniform rate 
of just over eight miles per day. 

A second recovery resulting from operations at Station 4 was effected on the 
Island of Eday, Orkney, seven days after the first bottle. Clearly, the same route 
to within 15 miles of the stranding- place, as that laid down for the earlier return is 
inadmissible in view of the difference between the drift- periods, the two stranding - 
places being in practically the same latitude. On the other hand, a course by way of 
the southern boundary of the Moray Firth Eddy for the longer -period drifter argues 
a mean rate of drift of not less than nine miles per day. Some minor deviation in 
the bottle's passage, perhaps in the near vicinity of one or other of the Orkney Islands, 
may have been responsible for a delay of several days in the time of stranding. 

From Elsness, Sanday, a bottle belonging to the Station 5 group was returned 
after only 12 days. A route almost identical with that estimated in respect of the 
earlier Station 4 recovery would be accomplished in this interval at an average rate 
of eight miles per day. From the same island of the Orkney group, almost from the 
same stranding- place, a second Station 5 bottle was returned after 23 days, the 
longer period suggesting a,route by way of the periphery of the Moray Firth Eddy. 
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Thus a course of about 190 miles would be overtaken in the time recorded at an 
average velocity of 84 miles per day. 

A third bottle emanating from Station 5 and found on the western shore of 
Deerness, Orkney, registered a drift -period of 15 days. In comparison with the 
above cases this bottle seems to have been influenced by some peculiarity of the drift 
other than revealed so far by this analysis, since, to have come by way of the inner 
Moray Firth it must needs have travelled at an average rate of about 12 miles per 
day and the hypothesis that the full 15 days were occupied in traversing a route 
similar to that of the 12 -day recovery on Sanday Island entails a drift- velocity of 
only six miles per day. 

Obviously, the longer route, embracing the Moray Firth Eddy, is indicated by 
the magnitude of the drift -period registered by the sole recovery pertaining to Station 
7. Even so, the lineal distance of 225 miles to Sanday Island was doubtless overtaken 
in less than 55 days. At a mean daily rate of eight miles only 28 days would be 
required. The remaining 27 days are to be explained by eddy circuits and the 
magnitude of the residual period is in conformity with such an explanation, since it 
has been several times established in course of this analysis that the Period of Circuit 
of the Moray Firth Eddy is in general about seven days. 

A single recovery was the ultimate outcome of operations at Station 8 and this 
took place on the Island of Flotta in Weisdale Voe, Shetland. The date of recovery 
was the 12th of July 1912 and under the circumstances little purpose would be 
served by investigating at the present stage the probable history of this very long - 
period bottle. The record, nevertheless, is useful as demonstrating a continuation 
northwards beyond Fair Isle of the drift -stream which apparently had its source in 
the waters of the Moray Firth. 

In the light of the above instance it may be inferred that the drifter belonging 
to the series despatched from Station 6 and returned from northern Norway cruised 
northwards on the west side of the Shetland Islands and either re- entered the North 
Sea to come under the influence of the Great Eddy, or proceeded at once towards the 
Norwegian coast. 

It is of interest to compare the foregoing analytical results, especially their 
cartographical interpretation, with the courses preferred against two bottles, liberated 
in the month of August 1911 in the area to the west of Orkney and the Outer Hebrides 
and subsequently found on the same day, the 15th of October, at different places in 
the former group of islands. Here again, if the explanations vouchsafed in all these 
cases are fundamentally true to fact, may be demonstrated the precision with which 
at least surface hydrographic changes can be measured by means of drift -bottles. 

The cause of the apparently long delay in the stranding of the two August bottles 
is ascribed to the operation of an anticyclonic drift encompassing the Orkney Islands. 
On the other hand, the explanation advanced in relation to the final stages of the 
routes overtaken by those Orkney recovered bottles liberated and, in all but two 
cases, returned during the month of October 1911, is at first sight in direct opposition 
to the existence of an anticyclonic circuit within the region in question. 

A consideration, however, of the various dates involved shows that the results 
of the August and October liberations, as interpreted in these pages, do not conflict 
with each other. Rather they may be taken to signify a reversal in the direction of 
the surface drift along and off the eastern shores of Orkney, the transformation taking 
place round about the middle of October 1911, or, as nearly as can be gauged, between 
the 12th and 19th days of that month. 

All three recoveries from the liberations at Station 1, in the Moray Firth, were 
effected at the same place on the eastern, that is, the Moray Firth, shore of Caithness- 
shire. The fact that one drifter was picked up 10 days later than the other two 
indicates, of course, the influence of the Moray Firth Eddy. This difference between 
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the magnitudes of the drift -periods might also suggest that, in the month of October 
1911, the Period of Circuit of the complex was in fact ten days and not seven days, 
but the consequences of such an assumption in the analysis of the remainder of the 
month's results are such as to seriously impair the over -all consistency above obtained. 

A course of about 160 miles, involving two complete circuits of the eddy, can be 
demonstrated practically for the 20 -day recovery at Latheron. To preserve the 
consistency of the analysis, however, especially as regards drift -speeds, it is accepted 
that the two 10 -day bottles soon escaped from the dominating influence of the Moray 
Firth Swirl and drifted towards Tarbet Ness, to be turned northwards on approaching 
the shallower waters of the Dornoch Firth. In this way a course of about 80 miles 
would be accomplished. 

Little can be said in explanation of the results from the final series of liberations 
for the year, namely, those carried out in close proximity to Buchan Ness and from 
which four drifters stranded on the nearby coast after four days each. It is most 
probable that these bottles set away from Station 10 in a south -westerly direction 
and were turned westwards into Aberdeen Bay -perhaps under the influence of a 
strong ebb tide- thereafter making their way northwards again along the Aberdeen- 
shire coast. 

By referring the above - deduced velocities to the time -velocity diagram (Figure 
32) in the customary manner, that is, taking for granted that these mean velocities 
denote actual velocities on the mid -dates of the several drift -periods involved, the 
velocity -curve may now be extended practically to the end of the month of October 
1911. 

September Liberations. 

On the 11th and 12th days of this month, ten surface drifters were liberated at 
each of 10 points off the Scottish east coast between the Firth of Forth and Kinnaird 
Head, Aberdeenshire. Two stations within the Moray Firth were visited on the 15th 
and 19th respectively, ten bottles being despatched in each case. 

Twenty -five returns were subsequently recorded. Ten of these came from the 
British east coast and the remaining 15 from the Norwegian coast north of latitude 
60° 30' N. In fact, of the latter, those which were recorded within a year of their 
dates of liberation were found to the north of latitude 62° 30' N., that is, outwith the 
bounds of the North Sea. It is noteworthy that no recovery was effected in the 
Skagerak region. 

Eight of the British coast recoveries were located within about 60 miles of one 
another, between Blyth in Northumberland and Robin Hood's Bay, Yorkshire. All 
were returned during the month of October 1911. Four belonged to the Station 1 

series, two originated at Station 3 and one at each of Stations 8 and 9. The drift - 
periods registered by these bottles are of such magnitudes that the assumption of 
direct courses in the cases of even the shortest -period drifters entails a mean drift - 
speed of only four miles per day. Not only is this figure inconsistent with much of 
the foregoing analysis, but the evidence to be derived from some of the earlier 
Norwegian coast returns from the same experiments suggests that it is too low. 

A further examination, however, of the drift -periods of the British returns reveals 
the fact that, as in the case of the similar data pertaining to the experiments begun 
in the month of March 1911, they are more or less periodic, thus :- 



Drift periods 

Mean periods 

Differences 6 6 7 

TABLE XXXIX. 

26 28 33 39 46 46 46 47 

27 33 39 46 

The implication of the above figures is self- evident. On the basis, therefore, of 
the operation of a swirl of surface waters with a Period of Circuit of seven days, in 
the area off the Estuary of the Tay, as represented on Figure 31, the following table, 
in conjunction with the series of curves on the chart, shows how closely the histories 
of the eight British coast recoveries are doubtless related. 

TABLE XL. 

SEPTEMBER 1911 LIBERATIONS. 

Histories of British East Coast Recoveries. 

Number of Course in Miles Mean Daily 
Recovery. Days in exclusive of Speed of Drift 

Eddy. Eddy Circuits. outwith Eddy. 
(Miles per Day.) 

261 7 170 8.9 
281 7 185 8.8 
331 14 170 8.9 
391 21 160 8.9 
463 28 160 8.9 
473 28 165 8.7 
468 28 160 8.9 
46 8 28 160 8.9 

Plotting the quantities in the last column of Table XL. against the mid -dates 
of the respective periods of drift it is found that the points so obtained lie on or close 
to the velocity- curve. 

With regard to the return of two bottles from the vicinity of Fraserburgh, one 
each from Stations 11 and 12 in the Moray Firth, it may safely be inferred from the 
magnitudes of the drift -periods that the Moray Firth Eddy was in operation at the 
time of these experiments, a deduction which is substantiated by the results of 
experiments initiated during the following month. 

The almost identical courses given on Figure 31 for the above two bottles yield 
figures, in relation to the mean rate of drift, of between 8j- and 9 miles per day, thus 
conforming to the exigencies of the velocity -curve (Figure 32). 

In view of the extreme probability of those drifters which ultimately reached the 
more northerly latitudes of the Norwegian coast having negotiated more than one 
surface water complication in their courses within the North Sea area, little purpose 
would be served by an attempt to estimate the several times spent on various likely 
sections of the routes eastward across the North Sea and subsequently northward 
along the Norwegian coast. 
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Attention has already been directed to the entire lack of Skagerak recoveries 
from the September experiments. Such might have been expected towards the end 
of the year presently under review, or in the beginning of 1912, but, as pointed out 
at some length in the Introduction to this paper, the tabulated records show that 
during the three months,. December 1911, January and February 1912, no significant 
Skagerak recovery was effected at all. This result, particularly as regards the months 
of January and February 1912, is in marked contrast to the like findings in respect 
of the same two months of 1911. 

VELOCITY OF THE SURFACE DRIFT DURING THE YEARS 1910 AND 1911. 

Before passing to the final discussion of the analytical results for 1911 a brief 
comparison may be made between Figures 19 and 32. For this purpose the velocity - 
curve of Figure 19 is superimposed upon Figure 32 in its appropriate position with 
regard to the axes of reference. 

Broadly speaking, the two curves possess similar characteristics. It is unfor- 
tunate, however, that the 1911 experiments over open sea areas were not prolonged 
sufficiently far into the autumn and winter months as to afford some definite informa- 
tion relative to a minimum velocity in the winter of 1911 -12, analogous to that 
recorded for the previous winter. 

The most striking feature of Figure 32 is, of course, the difference between the 
times of occurrence of maximum velocity in the two years which have been reviewed, 
that attained in 1911 being registered two months earlier than almost the same 
maximum reached in 1910. Moreover, the diminution in the rate of the surface drift 
over the Northern North Sea as a whole was apparently much more gradual in the 
second year, with the result that, although maximum velocity was attained only in 
the month of June 1910, as compared with April 1911, the same velocity of approxi- 
mately 94 miles per day occurred in the first week of August in both years. There- 
after, in 1910, the retardation of velocity continued at nearly the same pace as in 
the previous month, tending, however, to slow down in the last quarter of the year 
as the minimum of five miles per day was approached. This minimum evidently 
occurred in the first half of December. 

In 1911, on the other hand, the diminution in the surface drift velocity after 
the first week of August became gradually less until, about the end of September, or 
the first few days of October, a sharper fall was registered. From the directions of 
the two curves after this epoch it seems likely that with further material the winter 
velocities for 1911 -12 would have turned out to be very similar to those estimated 
for the preceding winter. 

For a comparison of the approaches towards the maxima it is the 1910 curve 
which literally falls short, although the indication of that part of it which is given 
undoubtedly is to the effect that the velocity gradient prior to the maximum was 
somewhat steep, thus closely resembling the like portion of the 1911 curve. 

SUMMARY DISCUSSION OF THE 1911 RESULTS. 

In a preliminary examination, the Scottish surface drift -bottle data relating to 
the year 1911 were found to be less amenable to a treatment exactly on the lines of 
that accorded to the 1910 material, mainly on account of the extreme scarcity of 
unique results which could be made to subserve the analysis of others more or less 
closely associated with them. Moreover, the interdependence shown to exist among 
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so many of the 1910 records, effectively contributing towards the sustained argument 
of the results of the entire year's work, was very much less in evidence in a first essay 
on the " evaluation " of the 1911 returns. Despite the fact that, in the latter year, 
experiments were initiated in each of the months between February and October 
inclusive, the numerous liberations thus effected resulted in remarkably few 
recoveries forming an obvious link between the experiments of one month and those 
of another. 

There can be no doubt that, with experiments conducted on the same scale as 
those of 1911, yielding a return of nearly 30 per cent., which was fairly evenly 
distributed with reference to the liberations, at least a limited number of these 
relationships should ensue. In this belief a modification of the analytical method 
previously adopted by the writer was ultimately devised for the treatment of the 
present data, but such a modification as leads to a more exacting analysis of practically 
each individual record. By this means connections were established among those 
of the 1911 results which were the more readily understood, thus furnishing a basis 
for the argument of more difficult cases. The validity of the method may be gauged 
by the logical consequences of that argument, leading, as they do, to a coherent 
explanation of the experimental results for the whole year, exemplified not only 
by the consistency obtaining among the several charts giving the cartographical 
histories of the returned drifters, but by the construction of a time -velocity curve, 
to which, within surprisingly narrow limits, each and every recovery is subject. 

Essentially, the method is again founded upon the short -period return, from 
which a direction and more especially a velocity can be derived. Such instances, 
however, are so few and far between in the 1911 records that, in order to explain 
satisfactorily intervening results, the interpolation of velocities is necessary. This 
is accomplished by means of the time- velocity curve, constructed, first of all, on the 
basis of the unique returns and according to certain principles which are further 
carried into effect in the utilisation of interpolated velocities -that is, of vectors 
which are " read -off " from the curve -for analytical purposes. The supreme test 
of these vectors is, of course, their fitness to yield consistent results in the analysis 
of the numerous recoveries. In other words, by using the curve, one at the same 
time demonstrates its validity. 

From these premises and with due regard to the axiomatic principles underlying 
the cartographical reconstruction of the histories of recovered bottles, the records for 
1911 are analysed with the results set forth in this report. 

In contrast to the general outcome of the previous year's liberations, relatively 
few recoveries took place in 1911 upon the east coast of Britain, in spite of the fact 
that, in the latter year, the bulk of the experiments were initiated on the western side 
of the North Sea, whereas, in 1910, only about one -third of the total number of 
liberations were so placed. On the other hand, and in the nature of a corollary to 
this state of affairs, a greater proportion of 1911 drifters were returned from the 
eastern seaboard of the North Sea, including in this definition the Skagerak shores 
of Denmark, Sweden and Norway. 

These facts are indicative of a more pronounced easterly set, during the second 
year, on the part of the surface water on the western side of the Northern North Sea 
and a heaping up of the same on the Continental side. A statistical comparison of 
the relevant material for both years shows that this " carry away " from off the 
British east coast extended northwards from about the latitude of Flamborough 
Head to the northmost of the Shetland Islands. The same effect, however, is not 
evident in regard to more coastal regions, especially in the Moray Firth and off the 
estuaries of the Forth and Tay, as shown by the results of experiments launched in 
these waters in the months of February, March, April, May, September and October 
1911. 
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On the whole, however, the interpretation of the experimental results for 1911 
is fundamentally the same as that which was evolved from the investigation of the 
material for the previous year. 

With reference first of all to the region west of Orkney and Shetland, embracing 
the Faroe -Shetland Channel and the area over the Wyville- Thomson Ridge, the 
second year's data, independently, are even less adequate as a basis for conclusively 
detailed statement concerning the prevalent surface water movements in that area, 
but the broad issues of their analytical treatment corroborate the essential findings 
of the former analysis, especially as regards the close hydrodynamical relationship 
between this region and the Northern North Sea. 

For the second time, and in succeeding years, liberations carried out in the 
month of August over the area of the Continental Shelf to the west of the mainland 
of Scotland and the Outer Hebrides resulted in a number of recoveries upon the 
Orkney Islands, but none upon Shetland, pointing to a differentiation between the 
surface currents of the northern and southern reaches of the Faroe -Shetland Channel. 
This differentiation, it has already been deduced, takes the form of a division - 
approximately in the latitude of 59° 30' N., or 59° 45' N., in the area between Orkney 
and Shetland -in the drift -stream approaching immediately from the west towards 
the Fair Isle -Sumburgh Head Channel. One part of the divided stream turns more 
or less sharply northward, passing along the western shores of Shetland. The other 
offshoot deviates with like suddenness in a southerly direction, keeping close to the 
eastern shores of Orkney, and, if conditions are favourable, involves the Orkney 
group in an anticyclonic eddy. Certain of the experimental results pertaining to the 
month of May 1911, besides those accruing from August liberations, support this 
thesis. 

As regards the last- mentioned phenomenon, namely, the circulation round 
Orkney, conditions unfavourable to its operation appear to have set in about the 
middle of October 1911, for, while the August results indicate the presence of such 
a system until at least the beginning of October, the Orkney Island recoveries ensuing 
from the liberations of the latter month are incompatible with the same local 
circumstances. 

From the 1911 analysis nothing is added to previous information relative to a 
similar anticyclonic gyration enveloping the Faroe Islands, nor to the phenomenon 
of a small eddy sometimes located midway between Faroe and Shetland. At the 
same time, evidence is again available pointing to a direct current connection, in the 
months of May and June, between the waters of the eastern Faroe submarine plateau 
and the waters of the Northern North Sea, the connection being established by way 
of the north of Shetland. This would appear to signify a southerly directed current 
on the east side of Faroe, thereafter turning east and north -east, forming in mid - 
channel a modified loop within which, although the examination of the data does 
not reveal its existence in 1911, a small cyclonic eddy might function. Later in the 
season, about the month of August, the north -easterly current flowing along the 
edge of the Continental Shelf to the west of Shetland, apparently proceeds on a more 
northerly- directed course with, therefore, less tendency to turn eastward again and 
subsequently southward into the North Sea. This deduction, it may be observed, is 
common to the analyses pertaining to both years which have so far been dealt with. 

In the present report also, the system of surface water drift in the Northern and 
Middle Areas of the North Sea is again shown to have been extremely complicated 
in the particular year under survey. Nevertheless, the term " system " is quite 
legitimately applied, since, on the broadest view, the latest analysis discloses once 
more the fundamental cyclonic motion propounded by Fulton in 1897, with the 
same difference as was brought out by the 1910 analysis, to the effect that the 
momentum of this cyclonic stream is derived in greatest measure from the north, 
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that is, through the opening between Shetland and Norway and not to any significant 
extent by way of the channels between Shetland and the mainland of Scotland. This 
matter, which will be further alluded to in another connection, is obviously of prime 
importance in any question concerning the water economy of the North Sea as a 
whole. 

The analogy of the two years, 1910 and 1911, goes much further than this. The 
major complications in the surface water movements of the above -mentioned areas, 
as ascertained from the 1910 analysis, are again revealed in the course of the elucida- 
tion of the 1911 records. The Great Northern North Sea Eddy, one at least of the 
Dogger Bank Swirls and the closed gyratory systems off the Scottish east coast 
appear to have been operative throughout the greater part of the latter year, with 
one or two important modifications from the representations of these systems given 
in the charts for 1910. 

Particularly is this the case in regard to the Great Northern North Sea Eddy, 
which seems to have had a more precarious existence during 1911 than a year before. 
As a closed system its region of activity in the second year was evidently very much 
restricted and the cartographical interpretation of the results of the liberations of 
February, May and August 1911 implies a certain amount of longitudinal movement 
on the part of this complex. There is some justification, too, in the foregoing 
analytical results, for the .suggestion that this movement was of a rhythmical 
character. The point will be further discussed when the matter of drift- velocities is 
considered, but it may be noted now that, in May 1911, the system was situated in 
a more northerly position than that which it occupied three months before, namely, 
in the month of February. Three months later the eddy had reverted almost to its 
February position. 

A further point of difference in the mode of operation of the Great Eddy in 1911, 
as compared with the previous year, is that, while retaining its elliptical shape, the 
major axis of this ellipse, defined fairly nearly in 1910 by longitude 2° E. was, in the 
next year, inclined at an angle of about 30° to this meridian, corresponding roughly 
with the compass directions N.N.W.- S.S.E. In great measure, this factor no doubt 
accounts for the remarkable preponderance of 1911 recoveries, as against those 
registered in the previous year, upon the North Sea section of the Norwegian coast 
between Lindesnaes and latitude 61° N., and also for the much smaller return from 
places on the British east coast in respect of 1911 liberations in open sea areas. 

Associated to some extent with the functioning of the above circulation is the 
undulatory nature of the path of the main drift -stream which, as an offshoot from 
the Norwegian Atlantic Stream emanating from the Faroe -Shetland Channel and 
passing eastward through the southmost reaches of the Norwegian Sea, bends sharply 
southward and south -westward (following closely the contour of the northern edge 
of the Continental Shelf) to cross latitude 61° N. and enter the Northern North Sea 
almost half -way between Shetland and Norway. It is highly significant that this 
striking peculiarity in the direction of the surface drift in the northern entrance 
to the North Sea is for the second time, in consecutive years, deduced from the 
results of drift- bottle experiments. 

On this same theme of the passage of surface water into the Northern North 
Sea from the region of the Faroe -Shetland Channel, a preliminary survey, on statistical 
lines, of the 1911 data, strongly supports the contention of the 1910 analysis to the 
effect that, hydrodynamically, the direct link between those areas lies by way of the 
north of the Shetland Islands and so through the seaway between them and the 
Norwegian coast. The more intimate cartographical investigations of the present 
paper endorse this finding. Incidentally also it appears that, " in the height of the 
season," only a matter of 50 or 60 miles on the Norwegian side of the above opening 
is occupied with surface water definitely escaping from the North Sea. 

On the other hand, the data for 1911 are not so conclusive as those for the previous 
year in regard to the closure, even temporarily, of the channels between Shetland and 
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the mainland of Scotland. In particular, the widespread liberations of May 1911 did 
not yield evidence of a similar nature to that from which, for the corresponding 
season of 1910, this phenomenon was deduced. Nevertheless, from the meagre 
evidence which is to hand and by inference from the directions of the curves in the 
North -Western North Sea on several of the charts, it can be argued that, again in 
1911, any influx of surface water into the North Sea by way of these channels was 
by no means of the same significance as the flow from the north. 

To be more explicit the 1911 records do not reveal the existence, during the 
summer of that year, of a system of surface drift in the North- Western Area of the 
North Sea, involving a narrow, northerly flowing current off the eastern shores of 
Orkney and Shetland, such as that demonstrated for the corresponding period of 
1910. The experimental results pertaining to the month of May 1910 have, however, 
their analogue in this respect in the records compiled from the liberations of October 
1911. The analysis of the latter data strongly suggests the operation of a reversal of 
the southerly drift in the eastern neighbourhood of Orkney and perhaps extending 
north to Shetland. This applies to the latter half of the month of October. 

Following from these considerations, and in some degree consequent upon the 
peculiar position of the Great Eddy throughout 1911, the main drift -stream heading 
southwards into the North Sea appears to have expanded laterally over the North - 
Western Area after being " shouldered off," as it were, by the circulatory complex. 
Nevertheless, apart from its southerly impetus, the tendency of the drift was towards 
the east rather than the west. This was more markedly the case in the Middle Area 
of the North Sea, where, as far west as longitude 1° W. and in summer months 
particularly, the eastward deviation was so pronounced as to carry extremely few, 
if any, bottles of open -sea origin into the South -West Dogger Bank Swirl, which, as 
a result, enters hardly at all into the discussion of the 1911 data. 

On the other hand, the similar complex situated as a rule over the north -eastern 
end of the Dogger Bank is concerned in the histories of a very large number of the 
recoveries accruing from the 1911 experiments and, as in the case of the Great Eddy, 
circumstantial evidence again points to a seasonal translation of the swirl, first 
northwards in the early part of the year and later southwards. The amplitude of 
this movement does not appear to have been so great as in the case of the Great Eddy, 
but there is little doubt that the two movements were in some way related, probably 
in the manner suggested below. Another phenomenon, however, concerned with the 
North -East Dogger Bank Eddy and one which did not arise from the 1910 analysis, 
forms the substance of a considerable section of the present report, being worked out 
in great detail from the results of three experiments very fortunately placed in 
relation to the above complex and another similar system functioning in the area off 
Lindesnaes. The latter Böhnecke named the Lindesnaes Eddy. 

Until the end of the month of July, in fact, almost precisely until the 2nd of 
August 1911, the North -East Dogger Bank Swirl, which in the three or four months 
prior to this date was moving gradually northwards from the region over the Tail 
End of the Dogger Bank, was characterised by what the present writer has termed a 
Period of Circuit of 20 days. The same magnitude, it will be recalled, was deduced 
under similar circumstances from the previous year's drift- bottle material. At the 
same time, there seems to have been in existence to the south -west of Lindesnaes a 
smaller cyclonic eddy to which the analysis of certain of the year's results attribute 
a Period of Circuit of approximately 16 days. This circulation was also subject to 
a slow translatory movement westwards in the month anterior to the 2nd of August. 
On or about this day, however, the present analysis almost conclusively asserts that 
these two systems " joined forces " by coalescence with each other, the resultant 
complex having a Period of Circuit of about 27 days and according to further evidence 
commencing almost immediately a southerly movement, which continued until the 
end of August or the beginning of September. 

The elucidation of this phenomenon from a study of drift -bottle records is a 
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striking tribute to the value of such experiments, demonstrating the potentialities 
of carefully planned liberations over selected areas in respect of which information 
of a hydrographical nature is desired. In the case in point, useful information can 
obviously be derived, as to surface hydrodynamical conditions off the entrance to 
the Skagerak, from a consideration of the times of strandings upon west Danish and 
Skagerak shores, perhaps also on southerly Norwegian coasts, of drifters despatched 
from points in the area between the north end of the Dogger Bank and some 30 miles 
north of the Great Fisher Bank. The experimental results of the two years now 
reported upon indicate that this information should be forthcoming in from three 
to six weeks after the date of the inauguration of experiments in this region. 

During 1910, one effect apparently of the North -East Dogger gyration was to 
withhold, temporarily, from further progress towards and into the Skagerak, numerous 
drifters liberated in various months over a wide area of the Northern and Middle 
North Sea, outwith the region encompassed by the Great Eddy. The " blank " 
months of 1910, so far as Skagerak recoveries are concerned, comprised almost the 
whole of the last quarter of the year. In the first three months of the next year, 
however, these bottles which had been so delayed were found in significantly large 
numbers upon shores bounding the Skagerak. Despite expectations to the contrary, 
justifiable in view of the above- mentioned complications in the surface current system 
off the Skagerak entrance, the same tendency is less a feature of the 1911 records. 
At least two returns of this class are recorded in each of the twelve months of the 
second year. There is, nevertheless, a suggestion of a " blank " period, in relation 
to the Skagerak recoveries resulting from the 1911 liberations, comprising the interval 
between the beginning of December 1911 and the end of February 1912, although, 
by reason of the disposition in time and place of the later liberations of the former 
year, too much stress cannot be laid on this result. 

Another coastal region remarkable for the number of recoveries found upon it 
in the first three months of 1911 is the section of the Danish and Schleswig -Holstein 
coasts south of Blaavandshuk. The drifters in question emanated mainly from the 
liberations of May 1910 and were doubtless delayed in their sea passages by eddy 
influence. The significance of these returns is more clearly demonstrated by their 
discussion in conjunction with the results pertaining to the earlier 1911 experiments, 
from the standpoint of the mean velocity of the surface drift within the Northern 
North Sea during the first quarter of 1911. 

Before passing, however, to the question of the drift -velocities attained in the 
year under immediate examination, the two eddies functioning in proximity to the 
east coast of Scotland, one in the Moray Firth and the other in the offshore waters 
of the Tay estuary between latitudes 56° and 57° N., may be referred to briefly. 
There is reason to believe that the first -mentioned circuit was established in the 
inner Moray Firth throughout the greater part of 1911 and cannot therefore be 
designated merely a seasonal phenomenon. Its Period of Circuit is again estimated 
at seven days, thus agreeing with the 1910 figure. Off the mid -east Scottish coast 
conditions were somewhat different in 1911 from the previous year, especially as 
regards the shape and therefore the area covered by the Mid -East Scottish Coast 
Eddy, which, in two distinct epochs of the second year, is reckoned to have been of 
smaller superficial area, defined by an approximately circular boundary and a Period 
of Circuit of only seven days, as against the corresponding magnitude of ten days 
accorded to the same system functioning within an elliptical perimeter in the summer 
of 1910. 

Perhaps the most remarkable outcome of these analyses of surface drift -bottle 
records -not only as regards 1911, but in respect also of 1910, the data for which 
were somewhat less rigorously examined -is the construction, on the basis of the 
analytical findings for each year, of time- velocity curves. Both curves exhibit similar 
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characteristics. In that for 1910 a maximum and a minimum velocity are registered. 
The 1911 curve, on the other hand, shows only a maximum, the premature cessation 
of open -sea liberations in that year being responsible for the termination of the curve 
before minimum velocity was attained. Nevertheless, the tendency of the curve in 
its final phase strongly suggests that the same minimum as recorded in the first half 
of December 1910, namely, five miles per day, was reached approximately about the 
same period of 1911. The two maxima, however, although of practically the same 
magnitude, namely, 122 to 124 miles per day, occurred at distinctly different times in 
the two years under discussion, the difference being one of two months. Maximum 
velocity in 1910 was reached only in the month of June, whereas, in the following 
year, this event took place in April. 

In contradistinction to the final portions of the two curves it is the 1910 velocity - 
curve which, in its primary portion, is foreshortened on account of the lack of early 
material. Fortunately, the 1911 experiments commenced in the month of February, 
thus enabling a link to be established between them and the liberations of December 
1910, mainly through the velocity -curve. Notwithstanding, the initial portions of 
both curves indicate a rapid acceleration in the velocity of the surface -drift in the 
early part of both years. 

Now, there is sufficient reason to believe, or at least to suggest, that, as applied 
to the second year, this last- mentioned phenomenon had a direct bearing upon a 
certain class of recoveries effected in considerable numbers during the first quarter of 
the year. This is the afore -mentioned return, comprising, for the most part, bottles 
which were set afloat in the month of May 1910 and which stranded in the said 
interval on the shores of Denmark and Schleswig- Holstein to the southward of 
Blaavandshuk. Further investigations may throw more light on this matter. 

Comparison of the curves between the times of maxima and minima leads to 
another consideration of no small import in regard to 1911. In 1910, the retardation 
of velocity was much faster than in the following year. In fact, in 1911, the diminu- 
tion in the rate of flow of the surface drift was, according to the velocity- curve, almost 
negligible throughout the greater part of the month of September. The question 
arises, however, as to whether, in actual fact, the retardation of velocity was con- 
tinuous from about the middle of April 1911 onwards to the end of the year. 

Attention has already been drawn to certain changes in the positions, during 
the spring and summer months, of the Great Northern North Sea and the North -East 
Dogger Bank Swirls. These changes, it has been pointed out, suggest a rhythmical 
translatory movement on the part of these systems, first northwards between the 
months of February and May inclusive, and, in the next three months, southwards 
again. These events, in turn, indicate corresponding fluctuations in the momentum 
of -the surface current from the north, probably giving rise to a small secondary 
maximum .in velocity towards the end of the month of August 1911. Provided the 
data are sufficient the matter is one for investigation from the standpoint of tem- 
perature and salinity variations over the areas involved. The magnitude of this 
acceleration, however, would doubtless be so small as not to affect materially the 
substance of the analyses given in these pages. Nevertheless, the point raised is 
worthy of careful consideration, illustrating once again the great utility of surface 
drift -bottle experiments, not only as an independent piece of work, but in conjunction 
with the usual observations of temperature and salinity. 

Finally, the broad features of the present report, which, it must be emphasised, 
applies in the first instance only to the superficial stratum of water in the sea areas 
investigated, are summed up in three quarterly synoptic charts appended herewith 
(Figures 33, 34 and 35). Each chart gives, as nearly as possible from the foregoing 
analytical findings, the average surface current conditions in the Northern and 
Middle Areas of the North Sea mainly, for the specified three months of 1911. 
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THE ÿURFt10E )RIFT. 

In the foreword to this thesis it is stated that the 
immediate and principal object of the large-scale experiments, 
the results of which form the subject of there cages, was "the 
measurement of the quantity genera_ly referred to as the 
suif3çe drif ." 

The term 'surface drift' has been variously defined as 
'the excess of one tidal pulsation (or stream) over the other', 
'the net translation of surface water past a fixed point, or 
over the ground,as it were,' and by such like descriptions. In 
the writer's opinion definitions of this nature are inadequate. 
In certain respects they appear aL so to be inaccurate. 

't the outset, there a'e several factors, ap :rt from Or 
influence due to tides as such, which cause, or at least give 

rise to, movements in the uppermost layer of the sea; all of 
which factors have a bearing, in greater or less degree according 
to circumstances of time an'. place, upon that which is called 
the surface drift and which we assume to be measured by such 
agents as drift- bottles. Taken singly, the effects of these 
factors are as. yet but imperfectly knee/11. Still lest: are their 
relative results duly appreciated over s :'h a wide expanse as 
the ;.;orthern and Middle ;forth Sea areas. 

evertheless, it may be argued that tides, in a strictly 
fundamental sense, involve only vertical oscillations of the 

sea -water particles. The horizontal translations which are 
associates with tides on the oceanic margins and in marginal 
seas and which go by the name of tidal- streams are to be 

regarded, again fundamentally, as being brought about by the 
intervention of one or more of the factors detailed below. At 

any rate, the im_2ortant feature of both tides and tidal streams, 

although perhaps in lesser degree as regards the latter, is the 

diurnal, semi -diurnal, or other short -term periodicity which 
marks their incidence, rift -.bottles, as at present constructed, 
are not suited to the evaluation of this primary characteristic 

of tidal phenomena. "'his, indeed, is demonstrated by certain 
of the present records referring to the year 1910 and to the 
region of the Firth of Forth estuary. .Doubtless because they 

involve only inshore and estuarine waters, where tidal influences 
greatly predominate as a rule, these records do not conform to 
an 
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an interpretation similar to and agreeing with that evolved 
from the analysis of contemporary results embracing more open - 
sea :.real, even although these areas are im°'.odiately adjacent 
to the inshore waters in question. 

There is, however, a certain poriouicity, referring in the 
first instance to velocity, which is revealed by the foregoing 
analyses of drift- bottle recorus pertaining to the :orthern 
and - _iedle north 3oa nrinc:. ally, but one which, along with other 
aspects of the results set forth in this thesis, demonstrates 
the essential non-tidal character of the moJemCZnt weich is 
measured by the agents in question and to which the name surface 
drift has been applied, As will be inoicuted in the following, 
this periouicity is ne doubt directly convected with a certain 
recurring phenomenon in the hydrography of the areas cited. 

:.ith regard to definitions of surface drift similar to the 
second of those given above, namely, such as seek to ally the 
conception of surface drift with the translation of a given mass 
of water from one region to another, a serious difficulty, 

apparently irreconcilable with this notion, soon arises when the 
physical proprties of the sea water over the extensive area 
embraced by most drift- bottle records is taken into account. 
only a limited knorrleuge of these pronerties, with reference 

to the surface waters of the ìdorth Sea and contiguous regions, 
is sufficient to refute the idea that the surrounding water 
into which a drift- bottle is initially dropped, remains in 
direct contact, or even closely associated with the drifter 

from beginning to end of its sea career. So that, although a 
eefinition of this sort no doubt meets the case an to a point, 
it cannot be altogetho: true and is therefore not wholly satis- 
:factory as a definition. 

In short, it appears that urift- bottles and similar bodies 
measure a transference of energy which may or may not coincide 
with the material translation of a part, or eats, cf the 

medium itself. The experiments are no less ieportant on that 

account. Until, however, the intricacies of the various 
factors - winos, tides, internal friction, or viscosity, uen- 

:sity distribution, the rotation of the earth, lani contours, 
bottom configurations, etc. - which, a priori, are associated 
with movements in the sea, are somewhat better understood, a 
more comprehensive, even if more theoretical definition seems 

desirable. Accordingly, for his own guidance in these and 

cognate investigations, the writer has formulated the 

following:- 
'The sur ace drift in the sea may be refined meantime as 

the horizontal component of the resultant effect of all forces 

which impart, or tend to impart, motion to bodies which are 

freely suspended and totally immersed in the uppermost leye= of 

water.' 
In/ 
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In the light of this definition the cartographical an =alyses 
given in the foregoing pages have been performed, that is, 
without special regard, except in stated instances and for 
particular reasons, to any one of the Love - mentioned factors 
affecting water movements in the areas investigated. 

II. 

D PT -p TTLw DATA. 
.Drift.- ?eriods. 

T h e i t Oignificance a n d C l a s s i f i c- 
:at ion, 

As previously pointed out, the statistical treatment of the data 
which forts the first part of this thesis and which yields 
important information of further c' nsequence, is, for that reason, 
very largely of the nature of an introductory to the more 
exacting investigation of i9art II. The latter, that is, the 

cartographical analysis, may be said to consist essentially of a 
reasoned and practical inquiry into the histories of all recovered 
drift -bottles. The method of this inquiry commences from a 
close study of the dates and positions of liberation and recovery 
of drifters and especially of the intervals which elapsed between 
the two events in question. 

Those intervals, in drays, between dates of liberation and 
recovery, are called uric- periods. The term is not adopted 

without due regard having been paid to its literal significance 
in conjunction with the circumstance that many drifters undoubtedly 
remain undiscovered upon beaches for unknown lengths of time. 
This aspect of surface drift- bottle results has, in fact, in 

former investigations of this kind, been given what now appears 

to be undue prominence in the interpretation of results, having 

been held to be mainly responsible for the great variations which 

are evident among the so- called drift -periods. It should be 

mentioned, ho.rover, that the experiments now under consieeration 

were conducted on a much more extensive scale than had hitherto, 

or has since been attempted in the North :iea end neighbouring 

regions, t;us giving sufficient scope for the establishment, by 

deduction from the results obtained, of certain fundamentally 

imeortant conclusions. Ale of these con,eerns the reliability 

of the intervals between the dates of liberation and recovery 
_,,i 
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of drifters as true measures of the actual times spent at sea. 
In oruer te uiscuss this point further and more fully, it is 
nocessery to digress at this stage. 

The above;- montioneu intensive study of the present records 
leads to the recognition of three classes of drift p,rious - 

short, long, anu extremely long drift-nerious. From the point of 
view of the absolute magnitudes of these quantities, the clivi.sioe 

into three groups is by no means rigid and is certainly not 
uniform teroughout the complete range of the experiments, `.'he 

three classes, in fact, are more or less indistinct, one from 
:,nother, altaoueìi, of course, they are re]. ative. The <,s 

relativity, however, holus enl y for a given experiment, or for 
a series of experiments. The classification of a drift- period 

denenus upon three major considerations; first, its relatìonehip 
to the other drift-periods belonging to the same experiment, or 

series of experiments; second, the extent of the sea- area 
involved, or which can be assumed, tentatively, to have been 
involves, until the cartegra9hical analysis ueciuea the matter, 
and third, the season or seasons of the year embraced by the 
drift - period, For instance, a short- period return from, say, 

an experi^ient launched in open-sea waters, coule obviously be 
classeu as a ions- period record where only coastal, or eveb 
lanaward arras are concerned and conversely. Again, for a 

specified region, a short -period record which embraces only one, 
or at most between two and three consecutive seasons, might fell 

to be incluuee in a higher category if the opposite season, 

or seasons, ere involved and vice verse,. 

Long rif t- Periods. 
In the records presently unuer discussion, relatively long. - 

period returns are in the vast majority. They are, indeed, 
so numerous and persistent and, moreover, uc not come from any 
given locality without exception, while, at the same time, 

short- leriou returns relates thereto in one :ray or another 
occur with sufficient frequency, that the e is in consequence, 
ample justification for a doubt as to the significance of the 

'lying- upon -the -beach' hypothesis. In short, as one outcome 
of the foregoing eartograpaical analysis, taken a; a whole, it 

can confidently be laîu down that these problematical times 
spent upee peaches are, almost in every case, but insignificant 

fractions of the eetire periods between the dates of liberation 

an recovery ano may therefore Se neglected in the first study 

of the latter intervals. That is to say, the so-celled 

drift periods are primarily to be regarded ae such in the literal 

sense, namely, as true measures of the times suent by drifters 

in/ 
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in coursing through, or in, thn surface waters of the sea. 
ubvioasl,ÿ., therefore, ns one result of these pre-war Scottish 
experiments, a much less restricted and, at the same time, 

more detailed interpretation of surface drift -bottle data is now 
rendered possible. The above conclusion, however, (does not 
imply, in any very ;seat degree, a lesser necessity for the 
erosecutiun of similar experiments on __ similarly wine and inter. 

:sive scale, in order that a multiplicity of comparable records 
may ensue. 

11o, therefore, the magnitudes of long drift- periods are 
comparatively seldom to be taken as denoting lengthy intervals 
,f time passed upon shores prior to the actual discovery of the 
bottles concerned, there yet remains to be explained the great 
variations welch, as a rule, are evident among these magnitudes. 
A ï>oint of signal importance in this connection is that, for a 

particular series of strandings along a limiteu stretch of const- 
line, this variation omong the drift-periods is not always 
totally irregular. There is frequently to be cbs rved, in the 
magnitudes of those quantities, distinct indication of the 
bottles having been cast ashore more or less in batches, with 
appreciable intervals between successive groups of strandings. 
Further, these intervals are sometimes found to be of almost 

eeual duration. In other words, such records afford strong 
evidence of periodicity in the incidence of strandings and the 
fact of its occurrence can be taken as ruling out any question 
of the incidence of discovery as distinct from that of actul 
strandings, in these particular cases at least. The amplituue 
of the period is not always the same, but varies according to 

the sea -area involved and sometimes, for a given area, according 
to the season. Moreover, the periodicity does not appear to be 
directly connecteu with any mown periodicity associated with 
tides. In fact, there would seers to be no other alternative 
than that this phenomenon should be ascribed to some more or less 

systematic influence affecting the careers of drifters while 
these_ are still at sea. 

ehe most promising line of investigation, in pursuance of 

this matter, is that in rel:._tion to the phenomenon of surface 
water movements which go by the name of swirls, or eddies. These 
complications appear to function as closed gyratory systems and 

are either roughly circular, or almost elliptical in plan. Con - 

:sidered in relation to the column of water over which they 

function, each of these surface voter complexes probably constitutes 
but the upper end of a vortex, involving perhaps the entire water 

column, or only pert of it. At any rate, from the point of view of 

the surface hydrodynamics of the North 5ea area, the conception 

of/ 



of swirls may be said to have been introuuced by Fulton in 
1897 as a result of his drift- bottle experiments of that year 
and the year previous in the :orgy Firth area, where he 
suggested at least the occasional operation of a small anti - 
:cyclonic eddy, since then the idea has developed, until, 
prior to the publication of the papers comprising this thesis, 
the Orman investigator, döhnecke, in 1922, published a paper 
in which no fewer than so-:'en of these systems ere en amerated 
and uiscusses Sot all of them aro constant, either in time, 
or position, nor do they all gyrate in the same sense, They are 
referred tc inuividually in the introduction to part I of this 
thesis ana several of them form the subject of substantial parts 
of the thesis itself, 

For the investir ;a.tien in hand, namely, the effect which one 
or another of these complications may have upon the courses of 
drifters, the :records of the first e: porirnents ueait with 
c rtograehically in the foregoing memoirs - i,á, the two first 

experiments of Aoril 1910 - in association with Bähnecke's 
North. -ast jogger Bank Eddy, furnish a singularly appropriate 
material, From the cartographical analysis of these results 
a relationship is established between the periodicity which 
is more or less clearly uiscernible along the drift -periods 
concerned anu a certain char; cteristic of the absve eddy which 
is revealed for the first time in these papers, It is deduced, 
in fact, that the amplitude of the period (20 nays) which marks 

the incidence of strandings (in this case on the north-west 
coast of Denmark) furnishes also a measure of the time occupied 
by a drifter in making a complete circuit of the north -East 
nogger .Dank swirl just within its periphery, This pericd of time 

it is proposed to call the Period of Circuit of the complex, 
The longer drift-periods of the series investigated signify the 

accomplishment of two or more circuits of the system, performed 
in the same manner, in:), immediately within the bounusry of the 

eddy, by the drifters concerned, ''his matter will be further 
uiscussed when some of the o hor eddies, with their Periods of 
Circuit, where these have been estimated, have been treated, 

Short Drift- Periods, 
In the above discussion relative to the frequency of long - 

period returns it is indicated that, in the recores under 
review, the class of short drift- periods is not insi;__iifi.cantly 

small, Formerly - again, no doubt, by reason of the restrict - 

:ions of the data - there has been a ten:.ency merely to mention 

those instances f apparently extraordinarily fast moving bottles; 

to regard them, in fact, as of the nature of 'freak' c ases, 

arising perhaps from faulty construction or preparation of the 

drifters themselves, or from some temoorary derangement of the 

surface drift of too infrequent occurrence to be 'eeognised as 

al 
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a normal episode. But, at the outset of the present investig- 
:ations, and in like manner as the long drift - periods, by their 
very persistence, conveyed an idea of some underlying significance, 
so too die the frequency of short - period records throughout the 
entire range of the experiments call for a closer scrutiny of 
these particular records in relation to the remainder before 
relegating the former tu, at best, a secondary position. The 

outcome of this examination was to concede to these results, or at 
least to a number of them, an altogether new and indeed front. 

rank importance. Their frequency is sufficient to allay the 
suspicion of faulty construction or preparation and, moreover, 
their distribution in time and with respect to geographical 
areas discreeits the notion that abnormal circumstances (of 

weather, 1.411-plied) can have been the underlying cease of every 
such record. This being so, there can be no legitimate object - 
:ion, in most cases, to the assumption that these results yield 
first-hand information as to the direction and also the velocity 
of the surface drift throughout the intervals covered by their 

drift- periods and, in the first instance, with reference to the 

area lying between the positions of liberation and recovery. 
That is to say, in the interpretation of records of this 
description, it can be taken, as a first approximation at all 
events, that direct, or fairly airect routes were accomplished 
by the drift- bottles. Charting these routes on a large -scale 
chart clearly ;;rovides a means of obtaining estimates of the 
directions of the drift and of its average velocities throughout 
the perious involved, and upon these unique results may be based 
the analysis of the longer -period returns which aro associated 
in one way or another with them. Association may consist either 
in a common point, or moro or less restriction region, of 
liberation, or in a similar liaison between places of recovery; 

or again, the calendar times cf either of these events ( liber_ 

:ation or recovery) may connect a number of results. This 

is essentially the methou which has been uevised by the writer and 
epplied to the present investigation. 

Recalling that the characteristics of the surface drift which 
it is desireu to evaluate are its direction and its velocity, 

both of which doubtless vary to some extent and from time to time, 

perhaps even within a fairly short interval, it may be questioned 
whether the analysis of long.period recoveries on the basis of 

a short- period return is alto ether permissible for the reason 

indicated, namely, the liability to variation on the part of 

one or other, or both, of the ab_ve characteristics. The 

analytical resulte obtained by the application of the method 

to the examination of the data for 1910 in particular, provides 

the/ 
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the answer to this question, As will be indicated below, 
modification of the method was necessary tu the satisfactory 
interpretation of the 1911 m,torial, but, fundamonta3ly, the 

method was the same, The results for both years show that the 
direction and the velocity of the surface drift both vary 
throughout any one year, but the variation in either case is not 
sufficiently r:apiu to vitiate entirely the above -mentioned 
analysis of Iong- period recoveries which can reasonably be 
associate with a short- period return. In this, the chief 
characteristics of the surface drift appear to comply, more or 
less, with what may be considered as a fairly eeneral rule, or 
principle, con sec tea with certain natural phenomena in the sea, 
The rule, ur principle, is stated on page 34 of the third paper 
of the thesis an ene is as follows:- 

"In sea regions possessing oceanic characteristics, such as, 
for instance, the Bert fern ;forth Sea basin, no event in which time 
is an ees ntíal factor oçeurs with a marked suddenness approaching 
instantaneity." 

III. 

THE ClR OGI#iPUICAL hAAL0 y5. 

P r e l i m i n a r y C o n d i t i o n s, 

The practical aoplicatIon of the above method of cartographical 
analysis of drift- bottle recores is governed by certain very simple 
conditions, so simple, in fact, that they appear in the lieht of 

axioms. They have not, however, been observed in the past by 

all investigators. These conditions are set forth in the intro- 
:auction to :Fart II, Section i of the thesis, but, as they are 
neither numerous nur lengthy, they may be repeated here. Firstly, 

it cannot be held to be generally true, as has been stated by 
ilielsen,* that the several members of a group of drifters despatched 

simultaneously from a given point will immediately separate and set 

off aeon widely divergent routes, 'gather it is likely that such 

a group of drifters will a,t ogee set off all in the same mean 

direction and only gradually fall apart, if at all, as they pro.. 

:ceeu. This unuer most circumstances. Liberations effected at, 

or near, the junction of two distinct currents may give rise to 

rapid separation, bet such inst_;nces are uoubtless rather the 

exeentinn then the rule when eeperiments are conoucted on the lines 

of those now usalt with, 
Again,/ 

See footnote, Part II, Section 1, page 4, 
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Again, in tracing curves to represent the courses of conto?np- 
:orarily drifting bottles, every care is taken to avoid the acute 
intersection of any two curves over open -sea areas, as this 

would imply the untenable hypothesis of superficial cross - drifts 
at one and the same time in a restrictea sea -area. In short, 
the fundamental rule in all such work, namely, that of consistency, 
must be maint:.ineu as rigidly as possible, in the present case, 
consistency in the airoctions of the curves and in the velocities 
they represent. For reasons of economy, of course, one chart must 
suffice for a number of curves and it sometimes inevitably 

happens that two curves cross each other sharply, In all such 
cases it is essential to show, by measurement and calculation 
from the data of velocities anu calendar dates, that the inter - 
:section does not actually represent contemporaneous events. 

M e t h o d, 

-pith due observance of the foregoing conditions and on the 
basis of a number of unique results which could be relied upon 
to give more or less precise information concerning the direct - 
:ion and the velocity of the surface drift over a given area 
and for a particular period, the cartographical analysis of the 
1910 data was performed, with the results set forth in the 
seconù paper of this thesis. For convenience and in orner to 
conduct the analysis according to some uefinite plan, the 

material pertaining to the liberations of a calendar month was 
devoted a single l&rge -acaie chart in the first instance, the 

scope of the experiments for the entire year being statistically 
represented on a blank area -chart (Fi =ure 2). All of these 
diagrams appear on a greatly reuuceu scale in the paper cited, 
in one case, where, at the dictates of economy, the necessary 
reduction would have renderéd the resulting diagram almost unread - 
:able, the chart has been represented in four sections (Fi :ure 9). 

As far as possible the chronological sequence of these monthly 
analyses is preserved, but where the logic of the argument appears 

to demand it, this rule is not strictly adhered to. 

Lirectional consistency among the routes estimated in respect 

of returned bottles is clearly shown on the several charts and 

to a uegree which has not hitherto been achieved. The test of 

consistency is, of course, to be applied first of all to each 

chart independently. 'ihe 1910 data, however, are particularly 

fortunate in that they iueiuue a number of records which estab- 

:lish a direct connection between the experimental results for 

one month and those for another, This connection is, or can be, 

demonstrated cartographically. For instance, the experiments 

of the month of April 1910 are connected mi th those of the 

following month by two sea recoveries, one from each month's 

liberations. Similarly, in virtue of a comrnbn class of recovery 

resulting therefrom, the :.ay liberations can be associated 

cartographically / 
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cartographically with those of September and, li ewise, the 

September results are historieelly related to those of eecember 
1910, tither instances occur and are dealt with in course of 
the analysis. Hence, as regards the direction, or the directions 
of the surface drift over the regions surveyed, as it Are, in 

the year 1910, consistency is maintaineu throughout the period 
embraced by tho experiments, namely, from April to eecomber, 

Consistency in relation to the velocity of the drift is not, 
however, from the nature of the concept, so readily demonstrated 
practically, altho 1gh, of necessity, a consideration of velocities 
also enters into the question of the association of one month's 
experiments with those of enothor, 

one result of the method of analysis applied to the 1910 
data is to divine the records for that year into a number of 
,roues, Each group corresponds, aperoximately, with the series 
of liberations carried out in a calendar month and is centred 
round a short -period return. Consistency among velocities is 
accordingly confineu, at first, to each of these several groups 
independently and is implicit in the various more or less intimate 
relationships which have :,een shown to exist among the individual 
members of a groui, comprising, for the most part, long- period 
returns, when the latter are analysed on the basis of a. s :ort- 

period record furnishing the necessary vector denoting velocity, 
The writer has, however, uevisou a practical method of test- 

ing the over -all consistency of velocities which are estimated, 

or ueduced, from the experimental data for a .,'hole year, This 
is by moans of a time -velocity diagram on rectangular co- 
ordinates, the axes of reference being, on the one haul, calendar 
dates and, on the other, absolute velues of velocity. The test, 
which is fully described below and which was devised as the outcome 
of an extended study of the 1910 analysis and its results, was not 
originally applied to the 1910 data as a test of the consistency 
of velocities, bet its introduction arose from a necessary 
nouifieation of the method of analysis, a:- applied to the 1910 
material, when the 1911 records became the subject of study, 

As already pointed out, the fundamental basis of the carto- 
:graphical method outlined above is the short- period return which 
can be relied upon to yield a reasonably accurate estimate of 

the direction and velocity of the surface drift for a given region 

and for a particular period. it ie to be observed, in parenthesis, 
that, by reason of circumstances of time and ulaco, not all 

relatively short- period returns can be accepted as furnishing the 
desired information with the requisite accuracy, in a preliminary 

survey of the 1911 records, the occurrence of suitable.shrt- 
period returns was found to be so infrequent that a satisfactory 

Interpretation/ 
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interpretation of the remainuer of the results could not be 
feuncled aeon them and, althoegh certain resemblances to the 1910 
material were apparent, these were insufficient to justify the 
initial assumetion of wiuer analogies between the events of the 
two years, which, hau it io' n pormis able, wo;zld have facilitated 
the analysis of the 1911 data. Accordingly, the method of analysis, 
as applied to the 1910 results, was carefully revised and eventually 
meuified in a manner to meet the difficulty of the 1911 analysis. 
This mouification, however, entails a more exacting examination 

of each individual record and, ccnsequentiy, of all records of the 
year. It is, in fact, a much more rigorous form of analysis W ich, 
on that account, will uoubtless hold fo_ fut .rc investigations of 
a similar natO.re, ne- matter how plentiful are the data. It consists, 
as alreauy mentioned, in the construction of a time- velocity curve, 
the construction, or rather, as will be explained latee, the 

verific_tion of the curve proceeding along with the cartographical 
analysis of the main body of the data. 

.,meng the 1910 records, as before indicated, uni:;ue instances 
of re sovery are sufficiently ole:tiful to subserve the cartog ash- 
: ical interpretation of all results of any significance which 
accrued from the year's lib rations. Going further into the 

matter of velocities, however, it was soon clear from a study of 
their eistribution in time that a selection of these unique results 
could, with the aid of certain simple assumptions, be made to form 
the caruinal points of a time -velocity diagram on rectangular 

co- Oruinates as above describ ©u. The selection of unique records 
was c nfineci to those which involveu no repeated retrogression in 
the routes estimated for the bottles euncerneu anti which ih other 

ways could be considered as nermal. The assumptions upon which the 
construction of a curve from those instances was based, are as 
follows: - 

1. From the standpoint of their drift -velocities the selected 
instances are accepted as representative of the eorthern and 'iudle 
north Sea as a whole, 

2. In each case the mean velocity covering the interval of the 

drift - period is regarded as being equivalent to the actual velocity 
of the drift on the mid -date of the drift- period, 

The unique time- volocityXfor 1910 are given in `'able XXVIII and 
the curve derived from them on the basis of the foregoing assum+p- 
: tions, on Fl;eure 19, It is n: t, of course, claimed that the same 

assumptions in respect of the longer- period 1910 records - namely, 
such as are for the most sart gathered together in tables and in 
groups centred round a short- period record - would, with the 

same velocities as are used to interpret the records in this thesis, 
result in the plotting of these records exactly on the velocity - 

curve of Fi ure 19. Some would doubtless lie considerably away fron: 
the curve in so fax as their analytical results only approximate 

to/ 
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to trios: of the short - period records upon which they aro based. 
:gut it is claimed that the revision of those analyses on the 

lines ^ug ,ested below, that is, with a view to making all 
velocities fit a smooth time- velocity curve, would entail edjust- 
:ments .- in the tabular information, the lengths of the curved 
on the charts, or even in the velocity- curve itself - which would 
be of small moment besiue the larger and more important results 
which have accrued from the analyses as carried out in these 
pages. No uoubt, many of these au justments woulu (as, indeed, 
can be gathered from the 1911 analysis which was conducted on 

the now plan) lead to still closer agreements among the individual 
records than those which have been demonstrated.. For instance, 
contemporary curves on several of the charts would be more nearly 
coincident and in those tables which concern euuy movements, the 

periods which ueneto intervals p.esseu by drifters in those systems, 
would ,> pproach uniformity as regarus their deviation from a common 
factor, or a simple multiple of this factor. Such adjustments, 

however, while they would strengthen the c. se for the broader 
issues which have been derived from the analysis as performed, 
would make little if any uifference to those issues themselves. 

On the other hand, regarueu as a means of testing the con - 
:sistency obtaining among numerous estimates of velocity which 
range over the months anu seasons of u year and which on that 

account are liable to show an appreciable amount of variation, 
the tired- velocity curve constitutes a valuable check upon the 
results of analysis. 'Pith the curves upon charts conforming to 
the rule of uirertional consistency and, at the s wee time, all 

velocities fitting closely to a time- velocity curve, there can 
be little room for doubt as to the inherent truth of an inter- 
pretation of surface drift -bottle rocores on these premises. 

The velocity -curve, however, as sug,estee above, can be moue 
to Nerve a dcublo euroose in the investi-ation of drift- bottle 
results, particularly in cases where short -period returns are 

^elativoly scarce. Provided, initially, that the uata a e. 

sufficiently numerous there would apeea,r to be no valid reason 
why the assumptions unuerlying the time -velocity curve for 1910 
should not be consiueree in the light of principles, to govern, 

not only the construction of such a curve for any year, but the 
cartographical analysis of the surface drift- bottle records 
pertaining to a year's liberations, in the North Sea at any rate, 
except perhaps that further assumptions of a wider nature would 

thereby be entailed. First of all, the e would be the tacit 

understanding that in any one year surface drift conditions are 
such as to render possible the construction of a time- velocity 

curve, not necessarily of the same shape as that referring to 
1910, but of the some characteristic smoothness. In other words, 

the possibility of totally irregular surface drift conditions 
in any one year, or for a considerable portion of a year, or 

again, over an appreciable extent of the area involved, is 

uiaregarded/ 



disregarded by the above change of viewpoint. Secondly, granting 
the possibility of such a curve, the question arises as to whether 
all, or even the majority of the year's drift bottle results ought 
to be expected to fit it, at least approximately, 

With regard to the firsttenentionee assumption we may, in answer, 
refer again to the general rale of evolutionary, as opposed to 
more or less instantaneeus change in those natural phenomena of 

the sea in which the time- fector is inextricably involveu. By the 
same principle, and for the reason (already argued) that the problem - 
:atical times spent by the vast majority of drifters in other ways 
than floating in the sea are negligible in relation to the times 
thas spent, there can be no case for recoru.s which eo not fit a 
time -velocity curved' the above description, save that, in sumo way, 
or for some reason which does not affect the present investitg- 

:ation, they are anomalous. A final and, indeed, conclusive answer 
to this question of the majority of drift -bot .le recores conforming 
to a time- velocity curve, is given by the 1911 analysis in which the 
proposed scheme was gut into effective operation and every record 
of any sienificance ex mineu according to the principles already 
enunciated. only in a few instences do records fail to come into 

alignment, so to speak, with the majority and, in the writer's 
opinion, it is in those instances, after all else in the ray of 
explanation has been tried, that the 'lying -upon- the -beach' hypo. - 
ithesis may legitimately be invoked; that is to say, only in the 

last resort. 
The actual practice of this improveu methou of investigation 

consists, first, in plotting on the co- ordinate uiagram the few 
short perioe records (only five in number in the case of the 1911 

data) which can reasonably be accepteu as fairly accurate indices 
of events du -ing the short intervals involved. The smooth curve 
traced through the points so derived is th.n employed as a basis 

for the interpretation of the rarrainuer of the records, keeping in 

mind the fundamental rule of consistency in relation to the directions 
of curves entered upon charts and representing the routes estimated 

in respect of the urift'rs concerned. That is to say, with refer - 
:once to the velocity.curve, the reverse operation to that used in 

the case of the short- periou returns, is put into effect in the 

investigation of the longer -period recoveries. For the latter, 

the veocity..curve, as constructed from the short- period records, 

supplies the vector, from which the lengths of the routes can be 

:alculated and the problem now is to enter these routes on the charts 

in such a way as to obey the rule of directional consistency end, 

at the same time, to account for the full times denoted by the 

drift -periods. 
In the majority of cases these conditions cannot be satisfies 

by postulating what 'nay be called continuously progressive courses, 

involving no delay for any length of time in a given area. The 

variation in the magnitudes of the routes, - as ca culated from the 

drift -periods and the uata of the velocityeeurve, as well as, 

som times,/ 
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sometimes,. the m<gnitu.es themselves, often clearly indicate 
complication in the rotes foliowtd. Traces of systematic 
hindrance to the drifters while they are still at sea, may, 
or may net, be discernible anion,_, the quantities uencting the 
lengths of the routes. < ;evertheless, those cornolications are, 
in the fi -st instance, to be put down to eddy influence anti an 
attempt is made to 'place' these eddies and to estimate the 

times which have been passed under their dorninent influence. 
his may be accomplished in one or another of three ways. 

In areas where eddies of approximately known size and shape 
are believed to function and when it is clear that those parts 
of the entire routes which fall with in the system concerned 
cLnstit;ate major .2ortions of the drifters' sea. -passages, or, 

better perhaps,, where it is recognised that the 4ea covered by 
an eddy system is large in comparison with the total area 

involved by the experimental results under consideration, the 
sugLested complications in the courses of the drifters may be 
investigated cartographically by introducing a loop in a pos- 
:ition more or le-,s tangential to the 'straight' portions, as 

it wore, of the several routes. By the above premises as to 
the extent of the eddy area relative to the whole and if all 

the bottles in question _e obviously to be taken as having 
entered the eddy, these routes will have at least a common 
eoint, if not a common section. Lloreover, the paths of the 

drifters within the system can be regarded as having been 
coincident, more or less, according to one of the early 
findings from the cartographical aaal.ysio of the 1910 data 

to the effect that, within an eddy movement, drifters apearently 
circulate round the periphery of the complex. A single loop, 

therefore, of such linear dimension$ that its accomplishment 
as a course, perhaps once, or a number of times, by the drifters 

concerned, will account for the residual times not occupied in 
traversing the above rnontioned 'straight' portions, should, for 
.emonstrative purposes, serve all records. Che so- called 
'straight' sections of bottle c urses signify what has been 
termed continuous progress from one eLint to another, namely, 
from iiberatien- stetion to stranding -place. Eduy circuits are 
of the nature of hindrance, or definite delays to this progress. 

By the above method of analysis and in order, indeed, to 

gauge the accuracy of its results, besides the rule of directional 
consistency as applied to the portions of the routes outwith the 

eddy, the various times spent within the system ought to show 
some simple relationship one tc another. :,therhrise an analysis 
on/ 
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on these lines is practically ineffective, It rna_.= happen, 
however, that no permissible aejustment of curves or velocities 
will result in the establishment of a relationship among the 
intervals passed entirely under eddy influence, she srecords 
pertaining to tho liberations at Stations I;os, 8, 9 and 10, of 

my 1911, are a case in point, Hero, where two distinct eduy 
systems api Broached each other ana finally coalesced curing the 
periou covered by these experimental results, the only method of 

analysis is to lay down each ana every route according to the 
magnitudes calculated from the drift -per. ioc s in conjunction with 
the velocity -curve, with particular attention to the time - 

factor in its relation to the directional consistency of the 

courses so constructed, 
The third meth u involves a riarro- ;mer anu More uetoiled 

examination of the recorda, aithou,et on the saee lines as 
before, Its operation is auvisabl.e when the area occupied by 
the single edgy which affects the rcutes of a number of drifters 

is very small in comparison with the entire area covered by the 
drifters from beginning to end of their sea careers, 

Taking a na ber of r sults, either all belonging to the same 
(sinral taaneous ) group of liberations, or to a series of liberations 
from a member of points, bat which can all be regerdeci as having 
been influenced by the same eddy system, the routes estimated 

as a first approximation for the erifters in question are each 
diviueú into two portions, (i) from the point of lib=.ration to 

the point of entry into the oudy and (ii) from the point of 
exit from the system to the stranding- place, It can generally 
be assumed for the purposes of az :alysis th.t all points of entry 
into anu departure from an eddy are coincident, Both sections 
of all routes must, individually, satisfy the requirements of 

the velocity..curve, calculating forward from the dates of 
liberation in the case of the initial sections of the routes and 
estimating backwards, as it mere, from the reccvery-elates in 
respect of the final stabs, In other words, each course from 
the liberation-station to the point of entry into the eddy 

must be accomplished in a certain interval and at an average 
velocity for that interval which is e,.uivalent to the actual 
velocity represented on the velocity -curve for the mid -date 

of the interval. In the same way the final sections of all 
routes must be referred to the appropriate points of the vel- 
:ocity -curve deoenuing upon the recovery -dates in conjunction 
with the distances to be covered bet seen the eduy and the 
stranding-places, 

In addition, of course, the rule of directional consistency 

is to be observed, especially with reference to the earlier 

steps of the drifters' courses, These earlier portions are, 

as/ 
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as a rule, v.;ry nearly contemporary. Obviously, in view of the 
uifferent lengths of time which may be passed un-:er eddy 
influence, escapes therefrom m:y seem to pursue more or less 
wïcìely divergent routes according as conditions in the vicinity 
of the complex may have altered during the times in question. 

two By the above meansoew dates are obtained in respect of each 
record, namely, the w ties of entry into and esc:..pe from the 

swirl and the difference, in days, between these dates furnishes 
a measure of the time spent in the cur plex. :again, for the 
number of recores involved and before these analytical results 
can be accented with confidence as inuic ..tive of the actual 
state of affairs in relation to the surface drift, these eddy - 

times, or residual periods as they are called in this thesis, 
ought to bear some simple relationship to one another, 

:'hile the majority of drift -bottle results are generally 
found to conform to one or another of the above methods of 
procedure there occur a few records which cannot be analysed 
with great precision. Theo are cases for which it cannot be 
definitely known whether two or more distinct eddy systems 
played a part in the histories of the drifters concerned, 
although it can generally be told which eddies were erobably 
involved, 

It is evident, then, that for the majority of s .rf<aco 

drift- bottle records pertaining to the regions with which we 
are immediately concerned, a number of effective checks can be 
brought to bear upon their cartographical analysis, sufficient, 
in fact, to ensure a reasonably accu-ate interpretation of 
these records, for, in addition to the observational check of 
directional consistency on the vari,us charts, the criterion 
of consistency of velocities in the form of a time- velocity 
curvo and, where eddy systems intervene, the above condition as 
to the relationships among nv'erous periods passed under their 
dominant influence for the time being, 'the copious overlapping; 
of namerous dre t- periods, when consiuerea from the point of 
view of the calendar intervals they embrace, leads, in effect, 
to the repeated verification of the velocity -curve itself, even 
while it is being used as a basis of investigation. In other 

words and to summarise the foregoing arguments in a single son - 
:tonce, the aims of a cartographical analysis of surface 
urift- bottle records pertaining to the idorthern and 2liddle 
eorth Jea should be, to obtain simultaneously, (i) directional 

cL.nsistency in the routes estimated and entered upon charts, 
(ii) consistency among all velocities by ensuring that all 

really significant records fit a smooth time- ve.city curve 
and (iii) precise relationships among; the more or less contemp 
:orary intervals spent by nuebers of drift rs in the same eddy 
system. 
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IV. 

Attention may now be given to the results which have accrued 
fran an investigation conducted on the above lines. 

At the outset it is of signal imnort_-ec to note that, as 
revealed by the drift-bottle experiments of 1910 and 1911, the 
broad features of the surfeco drift in the 'hrthe.rn and Middle 
areas of the Berth Sea were essentially the same in both, y ars, 
for this fact at once bespeaks the wiuer applicability of these 
results than as pertaining, exclusively, to the two years in 
question. It is perhaps prematuro to cite the findings which 
are the o.ctcome of the foregoing analyses, as of the nature 
of a genera /case, bet, having been demonstrated for each of 

two successive years, it is to be expected that the same, or 
very similar conditions will be met eith again in other years, 
and it may even be Permissible to refer to these conditions as 
cumprising a surface current system in the areas concerned. 

The bro d similarity bot.9een conditions in 1910 and 1911 
rests, of course, in the uirection, or airections of the surface 
drift anu in its velocity throughout each year, that is, in the 

characteristics which it was the aim of the experiments to 

measure. !Leh of these chara.ater.istics will be treated singly, 

i r e c t i o n of t h e e r i f t. 

As r.egarus uirection, perhaps the most outstanuin revel - 

:ation of the present analyses is that of the :xtraordincry 
c,..mplexity of the surface drift movements in the areas surveued. 

:'xcept in th current charts published along with Báhnecke's 
caner (1)* in 1922 - anu these are on such a small scale that 
their utility is thereby seriously limited - this complexity 
has not hitherto been ful4 appreciated. That it should be 

demonstrable by means of drift- bottles is a point in favour 
of those agents as important instruments of res arch in con_nect- 
:ion with surface current systems. 

Anther striking feature of these analytical resul . s is con - 
!tained in the strong suggestion that, in certain regions at 
least of the eorthern Iorth Sea area, the surface drift 

aLDoarently coincides with, and is indisti:eguìshable from stream - 
currents in the surface of the sea. The idea that there are 

streams in the sea, or in the ocean, is not new, having been 

introduced,/ 

*Numbers in brackets refer to the Lit of Publications in 
Part I, page 30. 
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introduced, so far e the writer is aware, by 'Maury* towards the 
middle of last century in his Chapter upon the Gulf Stream, 
As a concept of wiuer applicability the idea has since been more 
or less discredited by oceanographer* generally, The results 
of the present investi -ations, however, would appear to revive 
the concept in relation to the surface water movements of the 
Faroe Shetland Channel and the 'North Sea. 

As its title implies the chief concern, from a geographical 
point of view, of the present thesis is the Northern and Middle 
area of the North :yea considered as a whole, The thesis, however, 
deals also with the southern reaches of the Norwegian Sea, 

between the parallels of 61° and 62°N, latitude and with the 
region to the west of the Orkney and Shetland Islands which is 
generally refereed to as the Faroe -Shetland Channel area, It 

was anticipated from the beginning, by reason of the then 
existing knowledge of the physical characteristics of the sea 
waters to be found within this extenied area that a prover under - 
:stanuing of the surface hydrodynamics of the northern parts of the 

North Sea could only be achieved by investigating also the 
relationships which were obviously suggested to obtain between 
one region and another. It is in this light that the results 

of the drift - bottle experiments begun to the north and west of 

Northern North Sea proper are to be regarded, although some 
significant results in respect of those external regions them- 
selves are forthcoming from these same experiments. ''hese 

results are considered before passing to the main question of 
their connection, or connections, with the North Sea surface 
water circulation. 

Although, over the whole extent of the Faroe- Shetland 
Channel, the surface urift has a marked easterly component, which 
is most pronounced in mid- Channel, certain evidence goes to 
saw that the entire area may be looked upon as comprising a 
northern and a southern region, On the eastern side of the area 
the line of division between the two regions lies approximately 
along the latitude of 59 °45'ií. 'Vtestward of about longitude 40117, 

the uivision -line probably becomes less distinct anu curves 
slowly to the northward, 

This demarcation of the ar a into northern and southern 
regions annears to be effected by a stream- current which flows 
eastward along the above parallel, at least for some distance, 

The stream- current itself may arise solely as a stream- current 
emanating from the north -eastern part of the Atlantic Ocean, 

or as the result of two distinct currents converging upon each 
other,/ 

* I4aury, M,1j0 "The Physical 'Jeography of the Sea," 
New York, 1855. 
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other, as sag;ested by the stream-lines on Figure 16, for 
instance, At any rate, the impulse deriver; from. the area 
to the inrneuiate west of the Outer Hebrides apparently did not, 
either in 1910 or in 1911, carry drifters from that region 

farther no th than the above latitude and, likewise, no ä .rift T 
set afloat in the neighbourhood of the Faroe Islands seems to have 
crossed this latituue on the west side at all events of the 
erkney- Shetland group, 

in the northern region of the Channel two eddy systems may 
be found to function. The first, an anticyclonic circulation, 
encloses the group of the Faroe Islands and has not hitherto 

been cited. Its existence, however, can readily be accounted 
for by a consideration of the surface currents prevailing over 
the ueep -sea regions surrounding the submarine plateau which 
supports these is1..nds. To the west, the Atlantic influence 
pushes northward and on the north a branch of the East Icelandic 
Polar Current passes south-eastward on the borders, and forming 
part of, the genera cyclonic circulation of the Norwegian Sea. 
The effect of the rotation of the Earth - sometimes referred to 

as the Coriolian force - upon both of these currents, is to 

inuuce deflection towarus the right. The Faroe Islands them- 
selves and doubtless the plateau uron which they rest, counteract 

this tendency on the part of the Atlantic current, although, 
before it reaches the Faroe group, there is evidence to show 
that part of it does, in fact, ueviate eastwards between the 
Faroe Sank and the earoe Islands, This is indicated on Figures 
15 and 16, 

on the other hand, the easterly- flowin ; current to the north 
of t'aroe experiences no such obstacle to its deflection south- 
:wards on the east side of the islands. Hence, all that requires 
to be postulated to complete the circuit of these islands is a 
connection between the northerly directed current on the west 
side and the southerly drift on the east, That a connection 
does exist, upon occasions at least, is clearly shown by certain 

unique results Of the drift -bottle experiments launched in the 
eastern and southern vicinity of Faroe in the month of :,way 1910. 

The second eddy operativo in the northern region of the 
Channel is a cyclonic system lying midway, practically, between 

Shetland and Faroe. Its existence has previously be noticed 
by other investigators and it is engendered no doubt by the 

above -mentioned southerly-flowing current on the east side of 
Faroe in conjunction with the principal Faroe-Shetland Channel 
current, which in this region flows in a north to north 
easterly direction along and off the western shores of Shetland. 

No more precise information concerning the above circulations 
can be obtained from the data so far examined, first of all on 
account/ 
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account of their insufficiency and secondly, because of the 
uncertainty as to whether the relevant records may, or may 
nut embrace other complications of a similar kinu. The first 
circumstance, in fact, applies to the material for the whole 

of the Faroe-Shetland Channel area, the above remarks referring 
mainly, although ,probably not exclusively, to summer .months, 

In the opposite corner of the area to that occucied by 
the garoe Islands, namely, abut the Orkney group, yet another 
eddy gyration is revealed on more than one occasion by the p_res; 

:ent material. .'iris system, like the Faroe complex, encloses 
the Orkney Islands within an anticyclonic current, the genesis 
of which is a branch from the afore -mentioned stream which heads 
eastward along the latitude of 59°45'N, The branch flows 
south-eastward between Fair Isle and Orkney and finally southward 
along the eastern shores of the latter islands, showing a ten - 
:dency, howeve , to push westwards through the various passages 
between the islands. This westward tendency anpears to be most 
effective through the Pentland Firth, thus completing the 
circulation round the group of islands, for the drift on the 

west side of Orkney is northerly in the main. The evidence for 
this gyration shows it to be operative in summer and autumn 
months i8 conditions permit. An influence from the east and 
south, however, which will be mentioned later, may break the 
circulation of waters around Orkney, 

:Iention is made above of 'the principal Faroe- Shetland 
Channel current,' For the purposesof this thesis, this 
current may be consiuered as originating in the north -eastern 
Atlantic Ocean. It is to be regarded essentially as a stream - 

current composed of warm, highly saline water, Probably at 
some uistance before it reaches the \yviïle_Thomson submarine 
ridge the current divines, part flowing over the ridge into 
the Faroe- Shetland Channel and part continuing on a more northerly 
route, to bass on the west side of Faroe. As already mentioned, 
the latter, or again only part of it, deviates eastward between 
Faroe Bank and Faroe itself and so into tho Faroe.- Shetland 
Caannel in a south -easterly direction, This direction is main - 
:ta.ined for some distance, being aided in this respect by the 
influence which proceeds from a southerly-flowing current along 
the east siue of Faroe, which current gradually deflects eastward, 

About mid- Channel and approximately on latitude 59-45'N the main 
Atlantic current crossing the lyville- Thomson Ridge converges 
ith the stream from the Faroe to Faroe Bank region and holes 
the course of the whole cor some distance almost due east. 

Shorty, however, this main stream begins to turn north -eastwards 
a win to floor on the west side of Shetland, but leaving a branch 

still heading eastward, This branch again divides into two 
streams, one of which gives rise to the Orkney circuit already 

mentioned. _'he complementary branch, as it yore, makes for 

the opening between Shetland and air Isle, through which it may 
pass/ 
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pass into the north-western area of the North Sea. Surface 
drift -bottle results, however, do not make this point vory 
clear. l.hat is clear is that the said stream, on the surface 
at all events, sometimes finds its progress into the i;orth Sea 
barred by a current flowing practically normal to its ona 
direction, 'Ahis :natter, which is of great importance, not 
only from a fisheries point of view, but in any question con- - 
:cerning the water economy of the North :Bea as a whole, will be 

uealt ::ith again later. in relation to the current system of 
the Faroe -Shetland Channel, however, the consequence of this 
closure of the North Sea to the influence which emanates from 
the west is that the stream in question turns sharply to the 
left anu flows northward along the west coasts of Shetland. 

Associateu with the foregoing circumstance, is the almost 

indisputable fact that, in greeter or less degree according 
to the time of year, the surface water circulation of the North- 
ern and tlidule Forth Sea area receives its eroateetçimpulse main` 

from the north through; the wider onenine, between qhetlalgd end 
Norway, that is, more or less immediately from the southern 
reaches of the Lorwegian Sea, the conventional northerly limit 
of the North : ea being taken as defined by the 61st parallel, 

The Atlantic current, as it streams through the Faroe - 
Shetland Channel off the western shores of Shetland, goes to meet 
the somewhat opposing influence of the Norwegian Sea .cyclonic 

circulation, to the north of the Shetland Islands. .Ioreover, 

being a deep current, it is influenced also by the contour of the 

Continental Shelf as defined by the 100- fathom bathymetric contour, 
Both influences, north of Shetland, have the same tend ncy ana, 
in addition, the rotation of the earth promotes the eefleetion 
of the current towarus the east, Thereafter conditions are 
similar to those obtaining in mid-Faroe-Shetland Channel, The 

easterly trend prevails for some 60 to 80 miles, but gives way, 
once again, to a north -easterly course directed towards, and 
ultimately parallel to, the Norwegian coast, Again, however, as 

this change takes place, an offshoot from the easterly stream 
continues the course approximately along the latitude of 620N. 
and as far at least as longitude 2°E, About this meridian, which 
marks the locus of a sudden change in the contour of the Contin- 

:ontal Shelf, the Atlantic offshoot also changes uirection rather 
sharply, almost in fact to a right-about. From east it turns 

south -east, south ana, as it crosses latitude 610N., south -Nest, 

Gradually, however, it swings back again as it advances into the 
Northern North ;ea until it flows practically due south along 
the prime meridian between latitudes 59° and 60°N. This, 

according to the surface drift- bottle res.?lts which form the 
subject of the thesis, is the movement from which the major 
circulation/ 



circulation of the surface eaters in the areas concerned, may be 
said to commence and again, .: ccoruing tc th- cartographical 
internretatien of these same results, it is in the nature of a 
stream movement, to be ,in with, at all events. 

The view expressed in the preceuing paragraph as to the 

imp :ediate source of the main impulse behind the surface water 
movements of the rsorthern Borth Sea area, although it has 
previously been cited by at least one authority, is not that 
which has generally been hela in recent years by those who are 
perhaps most interested from a scientific standeoint, 

In the chart published by ru ton(3b) in 1897 as a result 
of his urift exeeriments of that oeriva, the imeetus of the 
general cyclonic system which is the basis of surface water 
movements over almost the entire area of the north eea north 
of latitude 54oe, is uefinitely repres nted as being derived 
inr euiately from the Faroe.- Shetland Channel area through the 
openings between Shetland and the mainland of Scotland and, 
except for the remarks of one authority in relation to 
particular year, the samo idea has rep :.ttedly been conveyed 
by interpretations of observatinnal data of the temperature and 
sa,i.inity of the see, waters in and between the two regions, until, 
even so late as 1922, Böh.necke, in his several surface- current 
charts, depicts a like state of affairs in the mein. In the 

same year, however, the British lumiraity published a chart 
(No, 327) of the "General drift of the Gurface \:_:ter in the 

neighbourhood of the ! >ritish islands and in the North Sea," 
on which it is inuicated that some influence to the latter aro :.;. 
proceeds from the Faroe- Shetland Channel by ay of the north of 

the Shetlanu Islands, but the impression given is distinctly that 
of a minor influence by this route as opposeu to what appears 

to be the more uirect connection through the passages between 
Scotland and 'Shetland, 

,;ith reference, however, to the year 1902, which witnesses 
the beginning of co- operative effort in the study of marine pro- 
blems by the countries boreering ueon the North Sea mainly, 

lella,nd".Hansen (10), from his examination of temperature and 
salinity data pertaining to this year, deduced that the principal 
current- connection between the r'aroe- Shetland Channel and the 

eorthern North Sea lay through the southern reaches of the 

orwegian Sea, that is, by way cf the north of ehetland. At the 

same time he sounded a warning, to the effect that the argument 
of currents from temperatures and eelinitie s is a process req_air- 

sing extrorr caution, In both respects the present analysis 
of drift- bottle uata yields strong support to Holland- Hansen's 
remarks, first as regards the r,.ute by which the l'aroe- Shetland. 
Channel influence reaches the earth Sea ane second, as to the 

ranger of ovor..emnhasising the indications as to currents afforded 
by temperature and salinity measurements, Almost of necessity, 
the 



the stations at which physical observations are taken on a 
cruise are, most times, no less than twenty to thirty miles 

apart and, provided the writer's sug.estions regarding stream. 
currents are substantially true, there is no doubt that iuch 

widely set observation- stations will often miss the significance 
of, say, two similar sets of surface observations which may lie 
one on either side of .a stream -current comprising water of higher, 
or lower, physical characteristics. The writer has recently 

ha, the opportunity of conducting a short series of these: 

physical observations on a more intensive scale in the north- 
western area of the North Sea, taken,,; stations et intervals of 
only ten miles along a line of about eighty miles. The results 
of this cruise have not yet been studieu in detail, bat their 

first indications are uefinitely in .pup port of the above arguments 
with reference to stream -currents and the significance of sm L l 
bat essential uiffer ;aces in the physical properties of sea 

water at near neighbouring stations 'within a given area. 
Seeking for the probable cause, or causes, of such a pro.. 

:nounced uoflection of the stream -current which penetrates the 

ì orth Sea from the Norwegian Sea, we are reminueu, first, of the 

effect which may be produced by the rotation of the Earth and 
secondly, of the influence due to the contour of the sea bottom 
in this region. Hkman *, whe has studied this problem of move - 
: rents in the sea from a mathematical standpoint, has propounded 
a theorem which states thet a current flowing from a deeper to 
shallower region will, in the eorthern Hemisphere, tenu to 

swerve to the right and, conversely, a current from a shaliower 
to a deeper region will have a left -hand teneency in the Northern 
Hemisphere, Clearly, the circumstances of the former statement 
may be taken as a further contributory cause of the phenomenon 
under uiscussion, The analysis of the drift bottle records 
themselves, however, bring to light a thiru and by no means the 
least inuucement towards the above deflection. 

The cartographical intereret ation of the experimental records 

for 1910 and 1911 places beyond a uoubt a matter, which, although, 
long suspected and, in fact, diagrammatically represented on one 
or two current charts since the end of last century, is for the 

first time dealt with in more or less precise fashion in these 
pages. This concerns the surface hydrouynamics of the northern 
part of the No_th Sea which, apparently, is dominated largely 

by a huge cyclonic system functioning in the form of a closed eddy 

and occupying almost the entire deep -sea area between Scotland 
and Norway north of about latitude 57 °30'N. The Great Northern 
_;erth Sea Euuy is the name which is proposed for this gyration, 
shortened, / 

* See footnote, Part II, Section 1, page 36. 
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shortened, when repeated eoference is necessary, to the Groat 
Judy, its maximum limits as a closed system would a,p-aeatr to be 
defined, approximately, by latitude! 61 °15'N. and 57 °30'N. on 
north and south and by longitudes 0 and 4° E. on west and east 
respectively. That is to say, it is practically elliptical 

in plan, the major axis of the ellipse sometimes coinciding 
with the meridian of 2 °E, and sometimes, as in 1911 when the 
system appears also to have been of smaller s,.zperficial dimen- 
: sions than in 1910, inclined at an angle of about 30° to this 
meridian, so as to lie almost in the ling of the compass 
directions, Ni - SSE. 

it is not surprising that the existence of such a system as 
this in the area cited has previously been suggested, somewhat 
tentatively perhaps. Its counterpart, as it were, in the 
bottom water layers of the area was demonstrated by Brown (6) 

from his work upon bottom drift- bottle experiments in the years 
1906, 1907, 1910 and 1911. But, quite apart from drift- bottle 
investigations, the Great eddy is a simple ueduction from the 
long existing knowledge of a southerly- flowing current on the 

west sine of the area concerned and a northerly current along 
the Norwegian side, constituting, as it were, a hydro -couple, 
the arm of welch lies approximately along the latitude of 
59 °20'N, 

Further evidence from drift-bottle work towards the estab- 
:lishment of the Groat ùuy is contained in the results of a 
few experiments launched by Felton in the year 1933. This 
evidence, although not conclusive in itself, augments that 
obtained from the 1910 and 1911 material where the latter 
happens to be weakest, although it is by no means :weak when all 
relevant circumstances of the data are taken into account. In 

the autumn of 1903, however, Fulton liberated batches of drift - 
bottles at points 115, 130, 164, 185 and 190 miles distant 
from Aberdeen along a line running in tho direction of E. by N. 
from th t port, that is, in an area and at a season of the year 

which were not too well served by thi. 1910 and 1911 experiments, 
';o quote Fulton's own words on the results of these 1903 liber- 
ations, "The earliest (bottles) to be returned were those of 

the third anu fifth lots and they came, unexpectedly, from the 
Shetland Islands," Taken in conjunction with the numerous 
like record: which accrued from the liberations of ,.;ay and 
September, 1910 and Aay 1911, in the regions immediately to 
the north -east, north, north-west, west and south -west of the 
area estimated to be covered as a rule by the Great Eddy, these 

records furnish almost irrefragable evidence from which to 
conclude, as a0ormal feature of the Northern North Se... surface 

water circulation, just this huge gyratory movement. The 

following more recent record, which also, as it ;,ere, fills in 
a blank in the 1910 -1911 data, is striicin'ly in accord, not 
merely/ 
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merely Goth the conception of the Great :Buy as a cinssd 
entity, but with the manner in which, as will be explained 
later, this nd other like systems exert and appear to min.- 
:tain their influence for definite periods upon floating 
bodies. nn 1st .?ugust 1931 a drift-bottle Yras picked u-r, from 

raq trio sur ? of the s at the position : - latitude 60`18'1?., 
longituu 3 °15'ïá., Wnich point is only some five or six miles 
southward of the spot at ,thi ̂ h, along with nine others, the 
bottle '.vas sot adrift 's..nnty- ':^pine days beft.:rehand. 

The northerly limit of t e Great & uy, thon, is general. y 
on, or a few miles beyonu the 61st parallel and practically 
on longituue 2 °á, and the system is cyyclonic in character, 
It is, the,- oforo, not difnicult to imagine what -.rill be t e 
effect of the gyration upon the drift -stream, seeming entry 
into the north Sea about this region. The results presently 
unner revio. show that the Great Edgy pl is a large part in 
the deflection of the stream from a uue southe6iy course to 

south-westerly ono as it crosses latitude 61 .s. The 310 
influence, acting in op_ïosition to the strong easterly drift 
towards the ' region in question from the area north, aru of 

Shetiund, rostricts the stream within narrow limits as it is 
about to enter the northern North Sea 

Before passing from tile consideration of the Great Eddy 
it is convenient to notice, at this stage, certain uifferences 
which are apparent between its characteristics in 191,tt and 
those of the fol ov ing year, Of coarse, it is to be ..remembered 
that the narlitre .naiysis seas pnrformeú some-ahat less rigidly 
than the other, especially with regard to velocities, but it is 

practically certain that , i circumstance does not entirely 
account for the differences in question. In the first pi..ce 
the 1911 complex, while still elliptical in plan, appears to 

have been much smaller, superficially, than it was in the previous 
year and, secondly, the 1910 examination giv,n no indication of 
the seasonal translation of the entity which is revealed by 
the 1911 analysis. .:'his translation ma,y have an important 

significance which will be touched upon later.. A third uifÿ er- 
:ence has aire.aùy boon mentioned, namely, the inclination of the 

major axis of the ellipse defining the boundary of the re =any in 
1911 to the meridian of 2 °E., with which the like ctim n:_ion of 

the 1910 complex apparently roinciued. 
ins already pointed out, the Atlantic offshoot which enters 

the northern iorth Sea across the 61st parallel of latitude and 
a little to the west of longitude 2 °1., does so anoroximatoly 

in a south-westerly uirection, but gradually deviates southward 
again as it advances farther into the area. At the same time 

them- is evidence of a gradual tonuency towards a westward lateral 
expansion on the surface of the stream at all events, its 

eastern margin continuing to form thn western bo nw ry of the 
Great¡ 
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Great Eduy fo a considerable ui stance. Under these circum- 
:stances the characteristics of the movement as a stream - 
current become somewhat modified. For the purees :s, however, 
of a clearer interpretation of results and not entirely 

without the sup ,ort of certain sug ;estions borne by the carte - 
:graphical analyses themselves, the idea of the surface drift 
being largely comprised of stream movements along fairly 
definite tracks may still be utiliseu as a means towards t -ti s 

end, 

About the latitude of 58 °3e'N or perhaps a little before 
this, the main southerly-flowine stream can be looked upon as 
splitting up into a number of streams which, sooner or later, 
become almost independent of one another. Between a pair of 
streams the direction of the surface drift is intermeui..te 

betwe In the directions of the streams themselves, 
The eastrst stream, then, continues to define the con - 

:tuur of the Great Euuy south -eastward and, more or less 
rapidly, through eastward on or about lati tuue 57 °30'iá, to 
north -east and, later, north. Next to this there are inuic- 
:ations of a stream which, although still influenced to some 
extent by the Great Euuy, gradually sheers off from this 

system and makes, first of all, in the L irection of the 

entrance to the Skagerak across the area between latitudes 560 

30'`rí, and 57 °30N. Towarus the eastern sine of this area, 
however, the underlying cyclonic character of the entire 
iworthern and Middle north .$ea drift introduces a northerly 
component into the direction of this stream which may deflect 
northwards alcng the Norwegian coast before it enters properly 

into the Skagerak, or it may flow into the periphery of a 
small eddy situated south-west of Lindesnaes - Böhnecke's 
inuesnaesr.ddy, from which the efflux is northward along the 

iiorwegian coast in the current emanating from the Baltic area 

and h.gging the Norwegi:n shores of the Skagerak as it emerges 
into the North uca, 

A third sub -division, as it were, of the main southerly 
stream on the western side of the l.orthern North Sea also 
ueviates eastward across the Lliaule North Sea area, but less 
rapiuly than the previous stream. The individuality of this 
third stream is pertly lost in the north -East .jogger Bank 

Swirl, situated as a ule and as its name applies, on the 

north -east end of the .jogger j3ank, or somewhere, between this 
region and the Little Asher Dank on latitude 57 °N. The normal 

efflux from this eduy would appear to take place about its 
southern limit and carry north- eastwarus towards Hanstholm on 

the north-west cornee of Jutland, thence into the Skagerak 

along its southern shore, 
ìiero ,/ 
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Hero, in parenthesis, it may be mentionee that, upon. 
occasions, conditions may be such as to cause the Sinuesnaes 
a1ù eorth..East nogger Eddies to approach eeah ether and 
finally to coelesce, forming a single .resultant system inter - 
:meuiato in character between those of its components. A 

remarkable feature of the 1911 analysis is the cartographical 
estimation of almost 1h9 precise dato upon which this cosies- 
:cones took place in the sum :':er of that year. in 1910 a 
similar event is not ro 4stered, but between spring and autumn 
months there is evidence to show that the i orth -East jogger Hank 

. dey was translated from a position over the Little Fisher 
bank to a more southerly or south- wosterly region, nearer to 

the Tail 'ene of the ,Jogger sans. 
Mill farther to the west of the last- .mentioneu branch.. 

stream which apparently feeds the í orth..East _ :ogger Bank Eddy, 
the drift hotus still longer in a southerly direction before 
tenui. g eastwards, until, before the easterly tom lonent has had 
time to become really effective, another eddy complication 
intervenes. This is the ; outh -\lest eogeer Bank Ltidy whose 
southerly limit would arreoar to lie over the Outer, or Great 
Silver Pit, on latitude 51°N. Floating ob, ects which escape 
from this complex may either be c rriee north- eastwards towards 
and into the i;orth -east .log, er ewirl, or more definitely east - 
:ward towards the coast of Gchloswig- Holstein, which again, 
under circumstances which seen to be ci soly associated with 
meteorological phenomena, is in a sense 'protected' by a closed 
cyclonic circulation of surface waters. 

'robably by reason of the irregular contour of the oast 
coast of ileotlannd and the north -eastern l;nglish counties, from 

about Flamborough Head to the northmost point of ehotland, as 

well us the nature: of the bottom within thirty to forty miles 
of the land, surface drift conditions on the wo tern margins 

of the areas under consiueration are more complicated than 

those obtaining in more open -sea regions. in this western 
margin the distinction between the iorthern and Middle Areas 
of the 1;orth ilea may et times be quite marked, 

As it pushes southward along the on me merieian, the main- 
stream on its western fringe shows a tendency to make for the 
:.foray i?irth. The tendency may develop so far, and then, to 

the north -east of Kinnaird Head, recover again, this stream 

passing southward into the Middle Area and, on its vstern 
fringe, into the periphery of an eduy which usually functions 
off the Scottish coast between the latitudes of :Fife Moss and 

Aberdeen. The "trial -east Scottish Coast Eddy ", as it is celled 

in the present thesis, is usually elliptical in plan, but 

circumstances may arise, as in certain months of 1911, which 
cause the swirl to assume a shape more nearly circular than 

elliptical./ 
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elliptical, It generally operates in the area westward of 
longitude 1°, but here again, conditions to the northward of 

latitude 57 °30'N, are often the predisposing cause of an 
expansion of the system seawards, i.eteorological conditions 
too, particularly strong or persistent south -easterly winds, 
may break the systematic circulation of surface waters in this 
area, Escape from the complex takes place, as a rule, along 
its eastern boundary and the main tendency is for drifters so 

expelled to make more or less gradually, according to circurn- 
:stances, for same point on the neighbouring coast -line, This 
point may be anywhere between Fife Bess and about Whitby on the 
Yorkshire coast, There is evidence, however, of a tenaeney 
for objects to be cast ashore on definite short stretches of 
the coast between these places, Concentrations of drift - 
bottlo strandings often occur between .unbar and St, Abbs Head, 
in the vicinity of Holy Island and along the Yorkshire coast 
for about fifteen miles eastward of the mouth of the ?fiver Tees, 
The manner of approach towards these stranding- places generally 
gives clear indication of a narrow current proceeding northwards 
along the above mentioned coastline and it sometimes appears 
as if this current were but a part of a large anticyclonic circul- 
:ation of which the Mid East Scottish Coast Eddy may be regarded 
as the nucleus, 

On the other hand, the above - mentioned tendency of the 
western border of the main Northern North Sea drift -stream to 
enter the Moray Firth may become an accomplished fact, as in 

the early summer of 1910, This completed deviation towards the 
west appears to take place on or about latitude 58°N, and 
between longitudes 1° and 2 °W, and it may last for a c onsiuerabie 
period, to be reckoned in weeks, The branch -stream which so 

deviates into the inner :;bray Fitth flows into the periphery 
of the small eddy suggested by Fulton to function in these waters 
and abundantly proved by the present analyses. The continuance 
of the westward movement is the cause suggested by the writer 
for the inauguration of a narrow current northwards from the 
area of the Moray Firth Eddy and passing along and off the 
eastern shores of Orkney, past Fair Isle and on to Shetland, 

It is more than probable that this current passes up the eastern 
side of Shetland, although, on approaching the southern extrem- 
:ity of the Shetland peninsula, a lesser part of it may flow 
along the western shores of these islands, 

The results of these conditions in the north.awestern area oí* 

the North Sea, when they occur, are uoubtless of far -reaching 
importance, for the time being at least, Considered as a whole 
the effect is to render the area in question almost self.- contained, 
being enclosed, practically, in an anticyclonic system of surface 

drift, The current forming the western boundary of the system 
shuts off at least the superficial connection between the Faroe - 

Shetland Channel region and the North Sea by way of the passages 
southward of Shetland to the mainland of Scotland anti, as 

demonstrated/ 
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demonstrated by the 1910 analysis, this 'closure;' m:y continue 
for an interval of more than six weeks in miu -summee. It will 
be the purpose of further investigation to ascertain whether 
this effect is me ely on the surface, to a uepth of only six 
or eight inches (the length of a drift- bottle) or extenus apprec- 
: iably below what my be regarded as essentially the surface 
film of water. The knowledge is obviously a sine cua non in 
the consiueration of an import_.nt aspect of the hedrography of 
the Aorth Jea as a whole, namely, that of the water economy 
of the entire area. 

The above circumstances relative to the establishment, 
tem;orary at all events, of a self -contained region embracing 
the whole of the north - western area of the North Sea, probably 
do not arise all at once. There are indications, for instance, 
that the stream- current issuing from the north- :rest corner 

of the :,foray Firth may not, at first., reach ;hetland before 
turning eastward and then southward in the opposite arm of the 
final composite system. This appears to occur in the eastern 
vicinity of Fair Isle, that is, about latitude 59030'N. Again, 
the southerly flowing, Bain current from Norwegian Sea latitudes 

may throw off a branch westwards about latitude 59 °N. and this 
branch soon turns northward to proceed towards Shetland. In the 
area between latitudes 59° and 59 °30'1 a se dl eddy may ensue 
from a combination of these circumstances. 

When the system above- described is in operation over the 
north-western area of the North Sea the momentum of the drift 
passing southward into the region off the mid -east Scottish coast 
is probably less than at other times. As a result, the Mid - 

Last Scottish Coast Eddy may expand considerably towards the 
east, as already mentionee and as demonstrated by the analysis 
of recorus belonging to the experiments of the month of June 
1910. 

These, then, are the main features of the surface drift in 
the Northern and fiddle North sea areas particularly, as ascer- 
:taineu from the cartographical analysis of the drift -bottle 
records for 1910 and 1911. Most of these features, it may be 
allowed to state, are obviously corroborated, in greater or 

less eegree, by more recent experimental results, which, however, 
remain to be subjected to a more critical analysis. All of them 
are more or 3e ss subject to variation in any one year and from 
one year to another and those facts render their representation 

on a single chart almost impracticable from the standpoints 
(i) of the synchronisation of events over such an extensive area 
and (ii) of the acceptance of sich a representation as in the 
nature of a general case. Indeeu, with reference to the latter 
condition, not only do certain of Fulton's drift- bottle results 
pertaining to the years 1895 -1897, precluue the affirmation of 
a universally gene .al case meantime, but the statistical analysis 
which forms the first part of the Present thesis gives strong 
indication/ 
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indication that surface drift conditions in the year 1913 

wore so different from those obtaining in the three years 
immediately preceding as Perhaps to constitute a radically 
different current system in respect of that year. Never.. 

: these ss, as previously remarked, having been demonstrated 
for each of two successive years, it is only to be expected 
that, in the nature of things and in the main, the surface 
drift conditions of 1910 and 1911 will be registered again 
in other years, Its this belief and with no pretensions 

towards either ,he synchronism of events between one region 

and another, or to the universal application a such a 
current picture irrespective of season or even year, the out - 
:stanuing issues of the foregoing analyses are depieted on 
the. chart at the end of this chapter.* The arrows on the 
chart have no relation to the velocity of the drift, being 
concerned with direction only. The heavier arrows are designed 
to represent the essential stream -line movements of t drift, 
the lesser arrows merely filling in the blank spaces between 
these lines, with due heed, of course, to the inuicatìons 

of the various Parts of the caj tographical analysis. 
Taking the 1910 and 1911 results as a whole there is one 

observation which should be made in regard to their relation- 
:ship to those of former investigations in the same areas 
approximately, On Fulton's well -known drift -chart, published 
along with his paper of 1897, the southerly limit of the 
cyclonic system of surface drift characteristics, of the major 
part of the North Sea is given as the chain of islands off the 
coast of Holland. The present analysis places this limit no 
farther south than about latitude 54°N., below which relatively 
few bottles from the 1910 -1914 experiments stranded, in contra - 
:distinction, to some extent, to Fulton's results which include 
an appreciably greater proportion of these returns. 

Before disposing thus of the matter of the direction, or 
directions, of the surface drift in the Northern and Middle 
North Sea areas, further brief consideration may be given to 

the eduy systems which form such a significant part of these 
non- tidal surface movements. 

In respect of four of the half-dozen or so of these eddy 
systems which, either permanently, or from time to time, char- 
acterise the surface water circulation of the above areas, 

in open -sea as well as in landward and coastal regions, it has 
been possible from the drift- bottle data referring to the years 
1910 and 1911 to derive quantities which it is proposed meantime 
to cell Periods of Circuit and which represent, first of all, 
the times required by drifters to make single complete circuits 

of the eddies concerned. For instance, for the North -East a)ogger 

Sank Eddy the Period of Circuit appears generally to be about 
20 days, for the Lindesnaes Eddy, approximately 16 days, and 
when/ 

* In pocket of cover. 



when those two systems join forces, as it were, by coal.es.4 
:cone°, as above explained, the Period of Circuit of the 

resultant system, in 1911 at least, was ire the neighbourhood 
Of 27 days, The aid-East Ccottish Coast eddy may be 
characterised by Periods cf Circuit of 7, 10 or more days 
;according to circumstances, while the Moray Firth Eddy, appar- 
:ently, is more constant in its operation with a eriod of 

Circuit of about 7 days. These circuits, several of which 
may be registered in succession by a single crift-- bottle 
within a given system, appeart to be accomplished by the drifters 
cruising round, but i mouiately within, the peri "series of the 
eddies, whether those be in the form of circles or ellipses, 
To begin with it is not to be sungested that these eddies, 
where they occur, or ap year to occur, in the same or near 
neighbouring areas, bear any close relationship to the arß_phi- 

dromic points of the forth :sea tidal system, for, in the first 

place, eddies have been shown to exist where no such points 
are known to occur and secondly, whatever movements may take 
place around amphidranic tidal Points will caoubtless be character - 
zised by periooicitie s, the amplitude, or amplitudes of which are, 
primarily, of a different oruer to the quantities denoting the 

Periods of Circuit of the oodles concerned. itor is it the 
present eurpose to uiscuss the theoretical significance of 

Periods of Circuit t themselves. But the fact, hitherto unreoog- 
:nisoti, that such uuantities can be estimated from ariftbottle 
data, when these are subjected to precise carton; °aphical 
analysis, raises questions as to the physical r'ionner in .,hieh: 

eddies react upon floating bodies, for they would seem to be 
mere or less commensurable physi. entities and not just 
totally irregular movements in the nature of clashes, as it 
were, between opposing forces, or currents., it has already been 
suggested that those superficial eddies may form the upper ones 

of vortices which involve at least a part of the column of water 
below the surface, but this aspect of the problem noes not really 
concern the present thesis which ueais only with surface move- 
ments. 

First of all it is to be noted that drifters which are 
libe 'ateu within the co ivass of a closed eddy movement gcadua ly 

work their way outwards from the c ntre towards the periphery 
of the system, which seems to argue in respect of these surface 

comelications a characteristic centrifugal. force, At the same 
time we have drifters entering eddies from tip outsiue, as it 

were, either on account of the propulsive force exerted by the 
drift in their neighbourhood, or by attraction from the peri- 
:pheries of the eddies themselves. In view of the above - 
mentioned centrifugal effect these drifters from outside must, 
so long as they continue to be nominated exclusively by eddy 
movements, tenu to revolve in close proximity to their ,e rimeters. 
Furthermore, the fact that drifters may rep in for considerable 
periods/ 
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periods unuor the dominance of an eddy, argues, first, that 

the centrifugal force of the system is probably weak and 
second, that it just balances, arounf.t the periphery, whatever 
force is Instrumental in bringing floating bodies within the 
eddy's region of influence. 

Escape from the dominance of an eddy may then be ondit- 
:ione , by a temporary adjustment, ae re-adjustment, of this 
balance. It does not necessarily follow from certain of the 
cartographical analyses niven in those pages that this aujust- 
:rnont of the balance between internal and external forces about 
an ed y system should occur periodically in the neighbourhood 
of a fixoa point on its periphery, although this may be what 
is implied by the assumption which is sometimes introduced in 
order to facilitate the analysis, nealy, that, for this 
purpose, a.l eoints of entry into and emergence from an eduy 
may be considered as having been coincident. On the other 

hand it is not altogether out of the question that this assume- 
: %ion, where it is introduced, may represent, fairly nearly, 
the :actual state of affairs anu in this connection the concept 
of stream- currents in relation to the surface drift of the 
,;orth Sea receives a measure of sue-port. The .north -. ast 
Jogger Bank Eduy may be taken as an example. 

y reason of the circumstance that, on escaein g from this 
cyclonic system, drifters which are estimate, to have been 
involveu in it for a time seiuern appear to be directed at once 
in any but an easterly to a north.- easterly course, it is 
legitimate to argue that, as a general rule, escape from the 
eorsinating influence of the system is effecteu in the vicinity 
of the southmost point of its boundary. There is also some 

indication from the cartographical anal :sis of the appropriate 
material that uefinite entry into the system takes place about 
the sane region. It would seem, therefore, as if the above - 
mentioneú balance of external an internaal forces were relatively 
unstable along a sn 1 l arc of the southern periphery of the 
swirl cwnd this instability may reasonably be consiuered as 

arising fran the action and reaction of a stream-current flexing 
more or less tangentially to the e,dy boundary at its southern 
limit. In the case under discussion part of this stream_ 

current can be looked upon as feeeing the euuy 'complication and 
part, probably the greater part, as n: ssin; on with some slight 
alteration in its direction uue to the temporary influence of 
the eddy at the point or arc of contact. 

Among the analytical results contained in the memoirs of the 
present thesis there is sufficient evidence to justify the 
extension of the above ideas to other eddies, including those 
which function within an elliptical boundary. Of the latter 
the .ie-East Scottish Coast Eddy is a case in point. Feu, as 
it were, by a erift- strewn from the north on its north-eastern 
periphery it is from this sa_mo section of the eddy boundary 

that the majority of drifters e=ffected by the gyration seem 
finally to emerge fr. ern it to proceed southwards, at least for some 
distance,/ 
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uistance, in the main bogy of the feeuer- stream which continues 
on its course with only a temporary deviation in uirection, 
to be attributed to eddy influence. Similarly, entry into and 
emergence from the Great northern north :yea, Euey seems ec.st 

often to be effeetea around its north - western boundary along 
which passes the Atlantic ;Stream as it oenetr tes the i orthern 
forth Sea area 

V l oc ity of the Lrift. 
;'he second of the two chief characteristics of the surface 

drift in the i,orthern and i.iiddle North Sea, upon which the 
drift -bottle experiments of 1910 and 1911 were desigmu to 

yiel,..A information of value to marine biological research is 
that of the velocity of the movement, bat, before entering upon 
a discussion, from the point of view of velocities, of the 
results achieve:t by the present investigation, brief allusion 
to the position prior to the publication of the foregoing reports 
il form a fitting introduction to these results. 

-_,izlton, in 1897, as a result of his drift -bottle experitments 
in many of the regions with which we are ate in concerned, found 
that, on the average, the rate of the surface drift could be put 
down at from two to three miles per :lay. Greater velocities 
wore registered in a few instances, but were considered to be 
duo to the more or less temporary effects of strong or persistent 
wines from particular mean directions and, therefore, to be 
of the nature of anomalies from the sta: Upoint of the general 
applicability of the results. Vectors of very mach_ the same 
order were the major outcome of Carruther's examination of 
drift.- bottle material in respect of the years 1920 and 19 :1, 
bearing upon surface drift conditions in the Southern ;terth 
Sea, that is, princleally below latitude 54 ;. This authority 
also makes fqention of a number of instances of apparently greater 
velocity, but in neither case were these records made the subject 
of particular investigation, being incorpor_-teu with extreme 

records of the opposite nature and with intermediate results in 
order to estimate what may be called, in one sense or another, 
'mean' or 'average' conditions. 

..raving mage a study of the relevant publications dealing v. ith 

the subject and the areas presently under discussion, the writer, 
for reasons which aro stated in the introduction to the first 

paper of the thesis, came to the conclusion that the initial step 
towards the establishment of an almost universally applicable 

surface carrent picture .. provided that were found to be possible 
in the end .. should be the extraction in detail of all available 
information in respect of each of a number of years. This of 
course applies equally to the eirection of the drift as to its 

velocity, for the apparent variations in both characteristics 
during any one year and /or from one year to another, seemeu, at 
times, to be so great that the practicability of uevising a 

genoral or 'mean' cese of sufficient accuracy to subserve marine 

biological research in connection with fisheries (which, of course, 
was/ 
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was originally the man aim of those drift - bottle experiments) 
was seriously in euestion. 3öhnecke's several surface current 
charts may de cited in ill ustration o:' what is meant. 

To return, however, to the matte: of velocities, brief 
mention may be mane of curtain procision-apearatus, known as 

current meters, by mans of which directions as well as the 
velocities of horizontal sea movements have been estimated in 
the North 3oe anu neighbouring areas. There are several types 
of these instruments, but all the better known ones are more 
or less alike in principle. Each houses a compass and for this 
reason it is not possible to use the apparatus for accurate 
sarfece drift measurements except ur uer conditions which, in the 
open -sea at any rate, are rarely met with nowauays. Nevertheless, 
their results in relation to depths of about ten metres might be 

compareu with surface measurements from other sources were it net 
that, in regard to velocities in particular, these results are so 

extremely variable among themselves as to afford little or no 
ground for effective comparison except in isolated instances. 
The methou, in fact, wouîc aneear to be at once too fine and not 
fine enough; too fine in that these instruments register, or 

aneear to register, overmuch detail at a given spot and not fine 
enough, since, to effect numerous more or less simultaneous 
observations over a wide area, in order as far as possible 

comply with the conditions of synchronism, is well nigh ir.pract- 
: icable. 

Another source from which velocities have been uerive:d, although 
not in relation to the earth Sea, but in resnoct of the raroe,- 

Shetland Channel area, is by means of hydrodynamical computation 
from the observational data of temperatures and salinities,- 
according to a formula worked out by V. Bjerknes and his collabor- 
:ators. ` Vectors ranging from about six to eight miles her day 
in autudn or winter to a maximum of from twelve to sixteen mil Ds 
per day in s )ring or early smnor have thus been calculated with 
reference to the surface of the Faroe -Shetland Channel current 
flowing practically north- eastwards to the west of . hetland a a 
from which, as already indicated, the main . orth Sea cyclonic 
system may be regardeu as ueriving its initial imeulso. For this 
.reason, the discrepancy between these magnitudes and the °average° 
vectors estimated from drift -- bottle records in respect d.' the North 
Sea surface drift would seem to uemand further investigation. 
This, in fact, was a subsidiary aim of the cartographical an_'.lysos 

of the 1910 -1911 material and was partly responsible for the 
fuller exploitation of the short -period return with its implication 
of relatively rapid motion on the part of the drifter and hence 
of the surface current or currents in the areas traversed. 

That a closer connection can established between the 
velocities registered by urift- bottles in the Northern and Middle 
North eea and those which have repeatedly boon calculated in 
respect/ 

* V. Bjerknes: ",)ynamic Meteorology and Hydrography." 
Carnegie Institute of Washington, 
1910 and 1911. 
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respect of what may be termed the 'parent' area of the Faroe - 
Shetland Channel, is amply demonstrated by the veioeity.- curves 
of Figures 19 and 32 in the pr :sent thesis. The velocities 
there represented range from five to nearly thirteen miles psi- 
day, Moreover, the variation in velocity is shown to correspond 
very closely with the seasons. This circumstance denotes not 
only an advance in our icno':IIesge Of surface drift phenomena in 
the areas investigated, but, in relation to velocities at any 
rate, effectively disposes of the 'average' idea by placing 

our understanuing of these m.gnituses, particularly of their 
variations, upon a more or less precise foundation, 

There is still a sense, however, in which even the above - 
msntiones velocity -curves represent only mean conditions, 
Referring again to Us) matter of stream- currents acs if this 

conception has any fc:undation in fact, it is more than likely 
that, in the contr;1 line of sach a stream the velocity will 

be slightly greater than to right <.nu left, enhancing thus any 
tent ency which may arise frc m this or other causes towards the 
deviation from the rain stream of its outer margins. The 

following quotation from Fulton gives point to this ar;ument. 
"It also appears that the speed is, as a rule, greatest 

at some distance from the co;:.st of Scotland and the north of 
England; that it diminishes quite near the coast and likewise 
at a consiuerable uista.nce, say 50 or 60 miles, from it," 

It is still more probable, if not, indeed, almost certain, 
that, contemporaneously, the velocity of the srifi will vary 
somewhat from one region to another within the wiser areas 
dealt with, i,either of these variations, however, if they 
actually exist, appear to be so significant as to affect, 
materially, the cartographical analysis of urifta bottle records 
on the lines laid con in this thesis, as evidenced by the fact 
that a smooth curve results from the assumption that the 

vector deuuced in respect of a small but essential part of the 

entire area may be taken as representative of conditions in any 
other part, or indeed, in the whole area, 

The most cons.icuous feature of the velocity -curves for 
1910 and 1911 obviously lies in their marked similarity of form. 
Both show a maximum of approximately the same magnitude and, 

although the 1911 curve stops short of a minimum, there is 

evidence pointing to the circumstance that, had the data been 

sufficient to cover the period involved, practically the same 

minimum of about five miles por day would have been recorder 
towarus the enu of that year as in the corresponaing period of 
1910, This broad similarity between the two velocity..carves 

still further bespeaks the wider applicability of these 1910. - 

1911 surface drift results and the fact that the two curves 
are, primarily, of the same shape or form, showing maxima and 
minima at or near the same seasons of the year, strongly suggests 
that the events or conditions which give rise to their eon- 
: strut tiof are more or less periouic in character, This ooint 
will/ 
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will be further discusses, in the sequel. 
As indicated above it is estimated that the respective 

minima on the two velocity..curves in question occurred about 
the same time of the year, The same is not true of the m.;xilta. 

in 1911 this condition was reached practically tao months in 
advance of the time of the corresponding phase of the 1910 
surface drift velocity. There is no doubt that this difference 
has a wider significance which also will be crmmenteu upon below. 

In both years the approaches towards maximum velocities 
appear to have been very similar, for although, in this respect, 
it is the 1910 curve which literally falls short, as it were, 
there is sufficient indication from that part of the curve which 
is shown that the rise towards the maximum in that year was 

almost, if not quite, as steep as it was nearly a year later.. 
In other ,:o.rds, the circumstance represented by this portion 
of each curvo is that, in the early part of the year, the 

velocity of the surface drift in the iorthern and ;.piddle io th 
Sea is rapidly accelerated. :i xi am velocity, when once it is 

attained and as is naturally to be expected perhaps, may continue 
to hold for an interval of two or three reels. Thereafter, 
more or less gradual retardation of velocity towards a minimum 
takes place., Ap-)arently, this retardation was more gradual 
in 1911 than in 1910, for a month or two at least, being, in 
fact almost imperceptible throughout the month of :eptember. 
Once again, in conjunction with other important findings from 
the 1911 cartographical analysis, this may have an important 
bearing upon related hyarogranhic and pernans mete: rological 
phenomen, the fuller uiscussion of which will . form a fitting 
conclusion to this chapter. 

gd'7:i"ß`r;li nL3í71ii i1i7ii1Cpdí. 

The funuamental significance of hydrography, from tie 
biological standpoint, rests in the importance of environmental 
factors in the stud;: of marine life. Primarily, this calls for 
a knowledge of the chemical composition of sea-water and of the 
physical conditions and processes to be met with in the seq.; 

in other words, a knowledge of the physico- chemical nature of the 

medium in which marine plants and animals live. It was soon 
perceived, however, that the results of investigations directed 

towards this end could be rendered of more far- reaching service 
to/ 
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to fisheries research úy, at least, conjoint p_'octicr;.l inquiry 
into the question of i t .r movements or currents in the sea, 
On logical grounds e case might oven be argued for the precu+- 
sory acquisition of information on the latter subject, for, in 

tho words of a modern authority, it would seem that "the 
foundation of a true knowledge of the seas is ,.a Knowlecgo of the 
(its) movements." 

Of the movements whist/ take place in the medium of the sea, 
embr_king prob-bly all combinations cana moúifieations of movements 
;hich are either purely horizontal or purely vertical in character, 
those approximating more or less nearly to the former category 
are, without uúubt, the major movements and, consequently, are 
those of must immediate practical importance. ,tn:.in, in relation 
to horizontal movements, the surface currents in the sea are 

obviously the first which should be consiueroe, if for no other 
reason than that they aro most accessible to some practical forni 
of measurement. 

The primary significance of surface currents, from our point 
of view, lies in thei_' transporting power, not necessarily of 
masses of sea-wator of uefinite p ysica?, characteristics, although 
this also enters largely into the problemtbr solution and is the 

next question to be attacker, but, first of all, in relation to 
objects shish are suspended and immersed in the surface waters 
of the sea. The most obvious and most úirect methou of 

approach towarus this panic alar problem would therefore seem to be 
by means of such specially -prepareu agents as urift- bottles, upon 
which, as a practicT 4 pro losition, the nearest approach to direct 
and continuous oùservation o sr somewhat lengthy intervals of tine, 
can be made, The knowleuge to be ueriveu from drift-bottle 

experiments, subject to certain conuitions as to their prosecution 
over wide areas, may therefore be regardeu as fundamental to the 

science of hydrography itself, 

in tho bony of the thesis an attempt is made, by the critical 
analysis of drift- bottle records, to answer the questions of what 
girt the movements which take place in the surf ce waters of the 
i;orthern and Midule i;orth Jea orinci dully and of their resultant 
effects, in a horizontal direction, union inanim -'.to objects and 
so, presumably, upon living organisms, with no motive power of 
their own, which may be suspended in these waters, and, although 
the results obtained are to be regarded meantime as referring only 
to the surface layer of the sea reas concerned, to a uepth of 

six o:c eight inches, their significance in other directions 

involving somewhat greater depths, may be considered, in particular 
their sisnificance in relation to the translation of masses of 

sea water possessing definite physico. char _.cteristics, 
The iiurth Jea as a whole receives its supply of water free? 

two main sources, first, from the north- eastern Atlantic Ocean by 
way/ 
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way of the north of Seot1and anu., to a much lessor extent, 
through. the Straits of .over and second, from the Baltic 
area, with which any be included, as of similar significonce, 
the rivers flowing into the North Sea, The characteristics 

of tho waters so tier. ivou are the high salt- content and, 
usually, the relitively high temperature of the Atlantic water 
mu the almost extreme freshness anu, to begin with, low 
temperature, of the na.ltic and river outlets, Water of 

intormeuiate physical properties fills a large part of the 
north :tea and is known as North ¿ea water, 

The most important contribution, from a fisheries point 
of view, to th water economy of the northern North Sea is 

the rtluntic influx from the north, This invasion has been 
the subject of much study, uespito which a certain amount of 

confusion still holds in regard to the various aspects of the 
problem, 

Atlantic water is contiguously Dashing its way southward 
into the Northern north Sea; always by way of the Shetland - 
i:orway opening, but probably not without intermission, at least, 
through the Shetland -Scotland ,assuages, as aitherto believed, 
This, of course, is a deduction from the present work, 

The Volune of Atlantis water to be found in the Northern 
North Sea at a given time varies throughout the year and from 
one year to another, [Within the periou of a calendar year 
this volume appears generally to be greatest in autumn, or 
towaras the ens: of the year and least, some six months corres-a 
:pondingiy earlier, although the degree of variation in this 
respect may, in a particular year, be very great, 

Again, what has been called the late sit of the Atlantic 
inflow also varies throughout a yearly period am, to c, loss 
extent doubtless, from one your to another, It is in the 
confusion of the two icte as of 'volume' and 'intensity' that mueh 
of the difficulty arises in the endeavour to understand the 
sequence of hyuro;raphio events in the areas concerned, for 
the intensity of the Atlantic 'inv ..sion' would appear generally 
to be greatest when the volume occupied by the rater itself 

in the northern North S.a is least and vice versa, or anoroxi*n- 

:ately so, 

it wuulu be better perhaps to substitute the composite name 
of off) t for that of intensity, for then, in considering the 
'intensity' of flow, there are two factors, mass and velocity, 
which mast, simultaneously, be taken into account anti, on this 

basis, the present drift -bottle results, in conjunction with the 
above finuings from the study of physical observations, wouïa 
seem to offer an explanation of the apparent anomaly between the 
corresoonding phases of the momentum anu the capacity or cubic 
content of the Atlantic incursion into the Northern North Sea, 
of/ 



Of course, for lack of precise measurements the following 
explanation can only be regardes meantime as a working hypo- 
:thesis. As sash, however, it places the próblem upon a 
Bore or less definite footing, to bo investigated further 
on the lines suggested by existing information regarding the 
physical and dynamical characters of the waters to be fount 
in the North Sea and contiguous regions. 

It has been demonstrated that the velocity of the surface 
drift, which also hes been considered to comprise a number af 

stream-currents, reaches a maximum in spring or early su mer 
and a minimum in :Tinter. If we take this to apply to the 
Atlantic stream-cureeat which flows for a shert distance east- 
ward, Lo the north and east of Shetland, and from which is 
derived the branch-stream turning more or less abruptly south- 
:ward into the Northern North Sea, it seems that,by reason of 
this abrupt deviation, the mass (or volume) of the water 
composing the branch -stream will tend to be least wher the 
velocity of the main- stream is gre -test and vice versa. Hence 
the conditions outlined above in respect of the Atlantic 
influence in and upon the Northern North Sea area would probably 
follow as a natural consequence f am these circumstances, the 

greater volume of niter in the area being duo to the 'overweight', 

as it were, of the mass factor in the momentum, while greater 
intotlsity* of flow signifies greater velocity in reïatien to a 
small mass. It may be the business of future research to push 
this idea still further back,, as it were, and seek to establish 

at least a qualitative relationship between current events in 
the north-eastern Atlantic eeean and - through the Faroe- 

Shetland Channel -contemporieous, or perhaps somewhat later 
hydrodynamical conditions in the ä ;orth Sea. 

In connection with the above aspect of the hydrography of 
the areas with which= are immediately concerned and upon which 
the present drift- bottle results appear to have a most signi*ic- 
:ant bearing, it may be mentioned that, in the separate study 
of the relevant physical data, to which allusion is ,nai_ie in the 
Foreword to this thesis, a prominent feature cf these invostig- 
:ations with reference to the southern reaches of the Nor wogia 
Sea between latitudes 61° and 62°N. and from about longitude 2 
to 4 E., is the crowding together on the surface of this region, 
of both isotherms ana isohalines. Moreover, the Úirection of 

these curves is aperoximately - S, which would hardly be the 
caso if the currents within the a :a were essentially eastward 

in direction as propounded on several occasions by fobertson(11 
in his interpretations of tomne_fature and salinity ma asurements. 
Similar correspondence in respect of other regions are to be 
traced between surface drift phenomena, .s revealed by the charts 
in the foregoing papers, and stellar eartogra hicaJ. representations 
of the surface eistribution of isothermal, isohaiino and iso- 

:pycnic conditions. Prom this circumstance, referring only to 
direction,/ 
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direction, it may be reasonable to anticipate a yet fuller 
knowledge, not only of the surf ace current systems in the areas 
investigated, but of the horizontal motions which take place 

below the surface at intermediate depths to the bottom and 
concerning which little of a precise nature is now known, mainly 
on ac ̂ount of the pract5 al difficulties to be overcome. 

Another important aspect o£ the present drift- bottle results, 
in association with the information to be derived from the obsery 
:ational data of temperatures and salinities, extenus this 
anticipations to include also the velocities of sub- surface currents. 
As explained earlier in this chapter, sun`s one drift velor ities have 
been calculated in respect of the l''aroe.- Shetland nhannel current 

by hydrodynamical computation and, with these results, the 
comoa ̂able vectors obtained from drift - bottle analyses have been 
sho;m to agree very closely. This f:xt is of prime importance, 

for the hydrodynamical method does not of itself yield absolute 
values of velocity. Only v.ere the velocity at a given depth 
may be taken as zero, or where the velocity at any depth is 

otherwise known, can the relative values given by calculation 
according to the circulation theory and formtila of Bjerknes, be 
ronvertea into absolute values. A 'zero' layer, such as must 
exist in the Faroe -Shetland Channel where the upper water layers 
move n . _rthcwards and the bottom waters towards the south, is net 
known on the siorth 3ea plateau, nor, by any other sufficiently 
reliable means, has there been obtained so far an absolute vector 
in relation to a specific depth, so that, meantime, only relative 
values of velocity can be derived from Bjerknes' theory in rela.t- 
: ion to the North Sea. But the important _;oint is this. If, 

in respect of renions where they can be compared, the drift- 
bottle vectors are found to agree with those derived by the above 
means, that is, from quite another source, it is only another step 
to convert the relative hydrodynamical values into absolute quan- 
:titioa and so apply the theory to an investigation of horizontal 
water movements in the intermediate area bottom layers of the North 
Sea. 

In dealing with the incursion of atlantic 
liorthern North Sea it is mentioned that, while 
greatest momentum in spring or early sumr.eer as 
gradually falling off towards minimum momentum 
more or less substantial variations from these 

water into the 
this occurs with 
a rule, thereafter 
in autumn or winter, 
so- called normal 

conditions are liable to take place i.n a particular year. For 
instance, in the year 1905 it is estimated that, in audition 
to the usual spring 'advances' of Atlantic water into the area, 
a secondary strong pulsation from the same source occurred in 

the month of October, nome inoication of very similar circam- 
: stances is given by the drift -bottle analyses of 1911, on the 

assumption, for which there seems to be adequate justification, 
that the velocity -curve, in gensral., may be taken also as a 
.register of events in rcl_ati n to this Atlantic influence. Notice 

ha s/ 
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has already been taken of the diffe rent positions oecupiod 
by the Great Eddy throughnut the year 1911; first, at the 
end of lebruary, it operated in a southerly position, then, 
three months later,, it was found more to the northward and 
three months after that again, that is, at the end of August 
approximately, the system had apparently reverted to its posa 
:ition of February, It is suggested that these circumstnncesg 
also have a direct cannection with the nuisation of Atlantic 
water from the north into the North Sea. On th: basis of the 
foregoing assumption, the veïocity.»curve for 1911 shows that 
from the beginning of the year until the middle of March the 

mo: entum of the Atlantic inflow increased rapidly, which may 
be taken c.s the cause of the Great Eddy being in a southerly 
position about that perion. Likewise, its migration northward 
between the months of March and May inclusive was probably 
conditioned by the fact of diminishing; resistance from the 
north, in the form of a gradual diminution in the momentum of 
the ntlax? tic impulse. By the same sort of argament its rever- 

:sion to a southerly position towards the end of August can be 
read as implying increased momentum on the part of the Atlantic 
stream issuing immediately from the southern iatitn es of the 

or egian Sea. On the lines of the above assumption it does 
nut ap?ear from the vnloeity -nurve that this increase of momentum 
w :.s, in the main, due to an increase in velocity, but trip 'flat - 
:nose of the curve representing the months of August ara Sentern -. 
:ber, practically, may indeed signify the attainment of a 

minimum and a snail secondary maxim= in the interval, the 

nm )litude of this deviation from the «onaitions represented by 
the curve as given being of toc small moment to be measurable 
by the drift -bottle analysis. 

Probably connected with the above translations of the Great 
Eddy of 1911 are the corresponuing changes which apparently 
affected North-East Jogger Bank and _,indesnaes Swirls in the 
summer of that year. From a southerly position we fink the 
original i;orth -bast jogger complex moving slowly northwards 
prior to the beginning of August 1911, at which period its 
proximity to the Lindesnaes Edny resulted in the coalesce nee 
of these two systems. Irrcneuiately thereafter the resultant 

eudy ccertenced a southerly migration which seems to have ceased. 
about the end of august, 

Again regarding the velocity -curve as an index of events 
connected with. the Atlantic influence upor, the .<urthern ;north Sea 

area the apnreeitabbly different times of occurrence of maximum 
velocity in the surface drift of 1910 and 1911 _ria be takes to 

represent an equal difference in the times of occurrence of 

maximum momentum in th? Atlantic inflow as betwen the two years 
in question. This and kindred matters doubtless have an under - 
:lying significance in relation to questions concernes with the 

i o.rthnrn North Sea fisheries, the vagaries of which from yet ' 
to year present many formidable problems for solution, 

In,/ 
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In conclusion, brief refero ire may be n ìe to the still 
wirier significance which these &:rift- bottle experiments may 
possess in assoni Lion with the other asneets of the hydro - 
:graphy of the areas involved. This concerns their probable 
repercussions upon that branch of metoorole:gical science which 
is devoted to the forecasting of weather. From the point of 

view of the hydrographer, the eonneetion between the two 
sciences of meteorology and hydrogrphy by this avenue is u.is- 
:eussed broadly in the second appendix to the present thesis, 
'ihe following observations are in the nature of an illustration 
of the ideas contained in this appendix, 

In the first quarter of the year 1911, besides a concen- 
tration of drift- bottle strandings on kagerak shores, which is 
not an extraordinary feature of Seotti sh drift- bottle results, 
there was registered a similar concentration of recoveries on 
the west coast of Schleswig -Holstein, between the mouth of the 
'3iver Eibe, Germany, and 13laavandshuk, eenmark, Among the 
records extending over a long period of years, it is observed 
that balk strandings on this southerly stretch of the eastern 
earth Sea seaboard is a somewhat unusual oeeurrenee. Moreover, 
these 1911 recoveries were at bottles which had been adrift 

for lengthy periods, wherefore their chances of earlier strand- 
ing, here or elsewhere, must be considered as having been 
relatively great, 

In the same interval (the first darter of 1911), according 
to the velocity -curve the aereleration of velocity was extremely 
rapid and we have already associated this phenomenon with the 
incursion of warm, salt Atlantic water into the Northern North 
Sea with its resultant effect, from the point of view of its 
momentum, upon the Northern and Middle North Sea surface water 
circulation, For the present it is the temperature of this 
water which concerns us, as an index of the amount of heat whir 
is transported into the area. The ratio of the heat eavacities 
of sea water and of air is en eh that the liberations of a small 
amount of heat into the atmosphere from the sea doubtless has a 
very marked effect upon the temperature of the atmosphere and 
so upon weather conditions over at least near neighbouring 
lands. It may be that this meteorological effect is not regis- 
: tered until after a lapse of some weeks from the entry of the 
warm sea water into the area. At any rate, in relation to the 

above facts concerning the drift- bottle records of that year 
and the hydrographie conditions with which they are probably 

associated, it is significant that the °summer ° of 1911, in north- 
west era Europe, was a remarkably fine one, Again, although the 
last quarter of the ye:.r was notable for storms and heavy mina, 
the latter, however, o'curring mostly in the night..time, the 

season/ 
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season was marked by unusual warmth for the time of year, 
This rney have been more or less the direct outcome of the` 
above -suggested secondary pulsation of Atlantic water which 
appears to have taken place about the month of August 1911, 
There aro thus good grounds for an opinion that, through the 
science of hydrography, by the intensive investigation of 

currents in alp their aspects, tray come the long -desired per 
of being able to anticipate the duration and intensity of the 
seasons and, with this power, the benefits which would thereby 
ac ̂ rue to mankind, in agri "ulture to begin with probably, and 
also in trade and industry, need only to be menti nod to be :pprec- 
: iatee, 

A final word as to the future conduct of surface drift - bottle 
experiments. It is mentioned in the introduction to Part I 

of this thesis and also in Appendix I that the desiderata for 
the most satisfactory outcane of the drift- bottle metho:A of 
investigation must be, regularity and continuity of liberation- 
operations, rather over a wide field than from one or two selected 
points, While these conditions have, since 1920, been observed 
to some extent and, moreover, should continue yet to be ob sèrved 
for some time to come, there aro more or less definite indic- 
ations from the results set forth in those papers that some 
relaxation of the above conditions All doubtless be permissible 
when much of the information already to hand is more firmly 
established, `.'his means that the continuance, for a period of 

years, of intensive and widespread liberations will almost cer- 
:tainly lead to the revelation of 'key' regions, within which 
surface drift nonditions at a given time will have important 

later conseeuences in another, or other, regions, Thus, from a 
knowledge of events in one of these sa- called key areas, events 
further afield may bo more or less <:nticipated, At present it 
may be laid down that a good working programme of liberations 
extending over a year in the areas c: neerned in tbs present 
i nvestigation would be to commence operations early in the year 
cn`a line between the Butt of Lewis and Faroe Bank, thereafter 
proceeding north- eastwards on lines transverse to the direction 
of the Faroe- Shetland lhannel, until a line from the northmost 
point of Shetland to the northern part of Faroe is accompl i shed, 
Thence, from th, area north of Scotland, lines of stations dhould 
be thrown out north -eastward from these islands, working round to 

eastward and so, as the seasons advance, down into the North Sea 
on lines approximately paral of to the latitudes and extending, 
as far as possible, the whole width of the area. 
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THE DRIFT-BOTTLE METHOD 

AS A MEANS OF DETERMINING SURFACE CURRENT SYSTEMS. 

Despite the fact that ,here is more than one 
method by which currents in the sea may be invest- 
igated, existing knowledge of the general water 
movements within the Northern North Sea, which has 
more or less open communication with oceanic waters, 
is remarkably indefinite and uncertain. To some 
extent, this is due to shortcomings in the methods 
themselves, most of which are either lacking in 
some important particular or demand adherence to 
such rigid rules and conditions as seriously to 
hamper practical operations. Weather, of course, 
governs in greater or less degree, -Lhe application, 
of all methods depending upon means of observation. 

There is, however, one method, so far most 
successfully applied to the problem of surface curr- 
ents, which is not so restricted in many ways as 
those involving precision apparatus of various kinds. 
I refer to the drift- bottle method which has been 
employed by Scotland for many years and which has 
already yielded satisfactory results with distinct 
promise of better. 

As to cost, this method compares most favour- 
ably with any other so far employed. Weather condit- 
ions obviously impede its initial prosecution less 
than is the case with any operations necessitating 
the laying -to of the ship, and there is the addition- 
al advantage that drift -bottles will ride through 
rough weather and perhaps tell us something of its 
effects upon the sea. The method is not an absolute 
one such as that of current -meter observations pur- 
ports to be. Nevertheless, in comparison with this 
method, there are one or two points on which advant- 
age can be claimed. 

An important desideratum is the synchronisation 
of observations over an extensive area. The achieve- 
ment of this objective by current -meters is exceed- 
ingly remote. On the other hand it can definitely be 
claimed that, with fairly intensive and continuous 
liberation of drift -bottles over widespread areas, 
the approach towards synchronism will be surprisingly 
near. 

In a given time obviously more`ground'can be 
covered in the launching of the drift- bottle method 
than is possible even in the collection of temperature 
and salinity data, which also, by hydrodynamical 
computation, furnish a means of determining currents, 
not only on the surface, but at intermediate depths 
and along the bottom. The values so obtained, however, 
are only/ 
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are only relative. Nevertheless, if in respect of 
surface currents alone, these two methods be worked 
together and one is found to corroborate the other, 
it must be conceded that a step forward will have 
been taken. Corroboration has indeed been obtained 
in connection with Scottish experiments in the Faroe - 
Shetland Channel. A means of determining, not only 
surface currents, but those beneath, may thus be in 
sight. 

An apparent disadvantage of the drift- bottle 
method, compared with certain others, is the period 
which must elapse between the execution of the initial 
work and the attainment of a current-picture. The 
results which have accrued from such experiments carr- 
ied out by Scotland in pre -War years strongly indicate 
that this drawback will become gradually less as the 
experiments are continued, for the establishment,by 
this means,of prevailing current systemsover a wide 
area seems likely to lead to the revelation of port- 
ions of this area within which alterations in the 
direction and strength of a current will have wider 
significance. It should be sufficient, therefore, 
when this is possible, to 'tap' those 'key' areas. 
In this way too the objective of synchronism may be 
still more nearly approached. 

In effect, a powerful objection to the drift - 
bottle method has been the belief that the only 
reliable information to be gained from these exper- 
iments is a knowledge of the positions of liberation 
and recovery of drifters. The implication is that the 
times which elapse between the dates of these events 
is of relatively little value, the magnitudes of 
these periods, in a large number of cases, pointing, 
it is thought, to the fact of the drifters having 
stranded considerably before actual discovery was 
made. On the contrary, the Scottish experiments show 
that the'drift- periods' of returned bottles, collect- 
ively in the first_instance and then individually, 
are the important factors in an analysis of the data. 
Furthermore, the problematical times spent upon 
beaches are, in the majority of cases, negligible 
in comparison with the entire drift -periods, the in- 
comparably greater magnitudes of these quantities 
being due to certain unique phenomena of surface water 
movement, notably swirls or eddies. By a judicious 
plan of liberation these complications in the surface 
current system may be'placed' with a fair degree of 
precision. 

These are the main points in a case for the 
adoption of this simple and by no means costly method 
of attacking/ 



of attacking the complex problems of ocean currents. 
The conditions for the rriost satisfactory outcome 
of the method are, regularity and continuity of 
operations from numerous widely -scattered points 
rather than from only a few selected stations. 
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The Liaison between the sciences 
of oceanography and meteorology 

by John B. TAIT. B. Sc. 

In the words of Beaugé (1). cc C'est un truisme que de 
poser en principe les reactions réciproques de l'air et des océans. » 

The highly commendable work of Maury (2) in the middle of last 
century was founded upon this belief. In addition to reciprocal 
reactions it is only to be expected, on account of the fluidity of the 
two media, that there should exist a parallelism between the phy- 
sical phenomena, both static and kinetic, occurring within the 
atmosphere and the 'hydrosphere. The following discussion is 
mainly concerned with relationships of the former category, 
namely, such as establish a connection between the sciences of ocea- 
nography and meteorology in their practical aspects. 

Hitherto, that branch of oceanography embracing the study cf 
the physical characteristics and processes pertaining to the sea, 
namely, the science of hydrography, or as some prefer to call it, 

(1) Commandant BEAUG . - « Contribution á l'étude des relations de la 
Météorologie et de l'Océanographie a. Bulletin de la Société d'Océanographie 
de France, lle année, nos 58 et 59, 1931. 

(2) M. E. MAUEY. - « The Physical Geography of the Sea a, 1855. 
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hydrology, lias had in greatest measure for its immediate object 
the elucidation of cognate biological problems of the hydrosphere. 
From a humanistic point of view these investigations have been 
intimately associated with questions of signal importance to the 
fishing industry. There are,- however, other directions in which 
hydrology will almost certainly develop and these, while they have 
not been entirely overlooked, have not so far received the attention 
they merit, largely on account of the obstacles to be overcome. 

On the land, the analogue of the fisherman is the farmer, one 
of whose chief, one might almost say, vital concerns is the weather, 
especially the anticipation of weather. !.t its present stage of deve- 
lopment the range of fairly accurate weather-forecasting, generally 
from one to three days, is only of iinhited value to the agricultu= 
ralist, viewing his occupation as an ai uual cycle of events. In some 
respects these short -period forecasts, demanding from the 
landworker an additional knowledge of local idiosyncrasies of 

weather, are, by comparison, of greater import to the fisherman 
on account of his mobility. 

At the other extreme' in this branch of meteorological science are 
the investigations, based on the period law, relative to climatolo- 
gical cycles of numbers of years. For instance the annual incidence 
of rainfall at various places on the earth's surface and observed 
over a long period of years suggests a periodical recurrence of 
similar conditions, once in eleven years as regards India and once 
in nineteen years in Australia and South Africa. Furthermore, the 
recognised periodicity of eleven years in the frequency of sunspots 
has formed the basis of numerous researches aiming at the corre- 
lation of the more outstanding features of weather with this solar 
phenomenon. These results, however, even were they more defini- 
tely conclusive, would still be of uncertain aid in the' essentially 
practical matters of land -productivity, at the root of which is ever 
the 'question of a good or a bad season forthcoming. 

The mere mention of the possibility of a seasonal forecast of 
weather conditions is sufficient to convey an idea of the inestimable 
benefits which would thereby accrue to agriculture and other 
pursuits which are dependent upon factors of climatic variation, 
not only as between one season and another, but relative to the 
incidence and duration of a particular season. While it is not the 
purpose of the present paper to claim that this 'end can be at once 
achieved from a study of hydrology, 'there can be no question that 
a more intimate knowledge than at present prevails concerning the 
seas and their ways is essential to a fuller understanding of 
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atmospheric phenomena and will furnish a step towards that much - 
desired end, the anticipation of the seasons. 

The problem is highly complicated, no doubt, and is beset with 
practical difficulties attendant upon the long and arduous labour 
of collecting the requisite data, arduous because of its routine and, 
at the same time, meticulous character. In addition, of course, 
work to be performed at sea is contingent upon weather conditions 
to a much greater extent than similar work on land. 

Nevertheless it is well to note, as having a significant bearing 
upon this mutter of long -period weather -forecasting, that some 
pioneering work of a promising nature has already been accom- 
plished, pointing the way to further researches. Scandinavian and 
German scientists (1, 2 and 3) have demonstrated the existence 
of broad correlations between the temperature of the sea during a 
particular epoch and subsequent agricultural events in the coun- 
tries of northern Europe. That these relationships have been esta- 
blished through th,e connection which evidently exists betwen the 
temperature of the sea on the one hand and the temperature 
of the air on the other, is not altogether surprising, for, from a 
consideration of the physical properties of the two media, it is clear 
that the sea must exercise an enormous influence upon atmospheric 
temperature, in illustration of which may be cited the following. 

The ratio of the heat capacities of sea and air is such that if the 
temperature of a cubic metre of sea -water containing 35 parts by 
weight of salt is lowered 1 °C. by loss of heat to the superincumbent 
atmosphere, the loss to the sea is sufficient to raise by 1 °C. the 
temperature of 3000 cubic metres of air. 

In this matter of sea- temperatures, then, there doubtless lies the 
crux of many meteorological phenomena contributing towards the 
incidence and what might be called the « intensity » of the seasons. 
Stated simply, the problem consists in the measurement of the heat 
exchange between the hydrosphere and the atmosphere. To compli- 
cate matters there enter firstly the questions of evaporation and 

(1) B. HELLAND -HANSEN and F. NANSEN. - « Die jährlichen Schwankungen 
der Wassermassen im norwegischen Nordmeer in ihrer Beziehung zu den 
Schwankungen der meteorologischen Verhaitnisse der Ernteerträge und der 
Fischereiergebnisse in Norwegen n. International Revue der gesamten Hydro- 
biologie und Hydrographi. Band II. Leipzig, 1909. 

(2) W. MEINHARDUS. -« Ueber einige meteorologische Beziehungen zwischen 
dem Nordatlantischen Ozean und Europa im Winterhalbjahr a. Meteorolo- 
gische Zeitschrift, March 1898. 

(3) O. PETTERSSON. - « Ueber die Beziehungen zwischen hydrographischen 
und meteorologischen Phänomenen s. Meteorologische Zeitschrift. August 1896, 
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condensation, the effects of which might. readily be submitted to 
measurement were the media static, but the movements which are 
constantly taking place in sea and air introduce further complexi- 
ties of no mean order. 

From the hydrological standpoint an attack upon the present pro- 
blem might well commence from this angle of water movements 
which are now known only on very broad and general lines and 
mostly appertaining to horizontal motions. Although perhaps of 
smaller magnitudes on the whole than the vast oceanic translatory 
movements, vertical currents in the sea, particularly in the neigh- 
bourhood of continents, call for serious consideration in the matter 
under discussion at the moment. The prime significance of horizon- 
tal movements in relation most of all to temperate regions lies in the 
circumstance that the heat conveyed there by oceanic currents is 
derived essentially from the absorption of solar radiation in tro- 
pical latitudes. The contingency of vertical movements also comes 
into play where the warm uppermost cm reni, by reason of its salt 
content, is denser than the sea water through which and over 
which it passes. To give further point to the argument we shall 
consider the water of the North Sea which, in virtue of its more or 
less open communication with oceanic regions, constitutes a very 
favourable area for the development of hydrological theory in 
association with meteorology. 

Since the year 1902, when fishery investigations were put upon 
an international footing,. much work has been done on the subject 
of the physical properties of the waters comprising the North Sea 
and adjacent areas, particularly as regards the relationships 
between those areas and the North Atlantic Ocean. It is now known 
that water of oceanic origin, recognised by its high salinity and 
high temperature, penetrates the North Sea from the south through 
the Straits of Dover and from the north between Scotland and 
Norway. The latter inflow is of the greater strength and volume 
and appears to be continuous throughout the year, except under 
very abnormal circumstances. But the momentum of the current 
carrying this warm and salt water into the area is subject to more 
or less seasonal fluctuation, the strongest flow taking place as a 
rule between the months of March and May and the weakest impulse 
occurring towards the end of the year. In one or two years, however, 
marked departures from the general or cc average » rule have 
been experienced. The incursion of what is known as Atlantic water 
may be extraordinarily 'weak or extraordinarily strong in any one 
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year. At other times, within the space of three consecutive seasons, 
two distinct propulsions may be recorded. 

These hydrological events, besides having their effects upon the 
fauna of the North Sea, undoubtedly influence in marked degree 
the climate of northern Europe, as instanced in fact by the work 
of the afore -mentioned authorities. Meinardus, for example, for- 
mulated two groups of conditions which are invariably associated. 
A weak Atlantic circulation between the months of August and 
February corresponds with a low air temperature over middle 
Europe from February to April and bad wheat and rye 
crops in west Europe and north Germany. Conditions the 
reverse of these also appear to hold good. That is to say, good 
cereal crops follow from a high air temperature over middle 
Europe between the months of February and April and this in 
turn is evidently connected with a strong pulsation of water from 
the Atlantic in the previous six months. It seems pertinent there- 
fore to investigate further these interesting associations with a 
view to their formulation on a quantitative basis. 

The first point at issue is the water economy of the region in 
question namely, the North Sea and its contiguous areas. In the. 
south, that is between England and France, experiments 
to this end are being carried out at the instigation of Carru- 
thers who has already published some results of his investiga- 
tions (1). The northern entrances to the North Sea present a more 
difficult problem. Knudsen (2) and Gehrke (3) have made observa- 
tions and calculations upon the amount and characteristics of the 
water entering the North Sea between Scotland and Norway in 
the course of a year. Apparently the annual increment of waters 
to the North Sea by way of the north and south channels respecti- 
vely is in the ratio of ten to one. In view, however, of certain 
results which have been obtained by the present writer (4) in 
regard to the surface currents functioning in the northern pas- 

(1) J. N. CARRUTHERS. - « The Flow of Water through the Straits of Dover 
as gauged by continuous current -meter observations at the Varne Lightvessel 
(50 °56'N. 1 °17'E.) ». Part I. Ministry of Agriculture and Fisheries. Fishery 
Investigations. Series II, Vol. IK, No 1. 

(2) M. KNUDSEN. - « Some Remarks about the Currents in the North Sea 
and Adjacent Waters ». Conseil International pour l'Exploration de la Mer. 
Publications de circonstance, No 39, 1907. 

(3) J. GEHRKE. - « Mean Velocity of the Atlantic Currents running north 
of Scotland and through the English Channel ». Ibid., No 40, 1907. 

(4) J. B. TAIT. - « The Surface Water Drift in the Northern and Middle 
Areas of the North Sea and in the Faroe -Shetland Channel ». Fishery Board 
for Scotland. Fish. Sci. Invest. 1930, nO' II and IV. 
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sages giving access to the North Sea (from the Faroe- Shetland 
Channel on the north -v est and from the southern reaches of the 
Norwegian Sea on the extreme north) the results obtained ley 

Knudsen and by Gehrke may require to be modified in some 
respects. 

Another significant source of recruitment to the waters of the 
North Sea, especially to the topmost layers, is the Baltic area, from 
which, again more or less at periodic intervals and by way of the 
Skagerak, a strong current of relatively fresh water emerges, to 
spread sometimes far westwards on the surface of the sea. By 
reason of its freshness this water absorbs and again loses heat 
much more rapidly than is the case with the salter water of 
Atlantic origin. Of smaller magnitude, but similar in effect to the 
Baltic outflow, is the output of river water to the sea, giving rise 
at least to a coastal zone where temperatures fluctuate more 
markedly than in open sea areas. 

The question of the escape of wat /ers from the area under silrvey 
does not appear to have received the same attention, yet the matter 
is naturally of some importance to the point at issue, namely the 
water economy of the North Sea. It is known that in a narrow belt 
adjacent to the Norwegian coast large volumes of water are 
constantly leaving the at ea, but so far as the writer is aware the 
ratio of this efflux to the total annual increment has not been cal- 
culated. 

To the ultimate purpose of the establishment of a connection 
between the amount of heat in the sea and the amount present at 
some later time in the atmosphere it is most desirable that the 
above facts should be known in greater detail than merely as 
average yearly values. By a combination of the methods employed 
by the above investigators,. that is, by means of current meter 
observations, temperature and salinity data, from which densities 
and thence under certain conditions currents may be calculated, 
and finally by the agency of drift -bottles, it should be possible to 
assess at these gateways to the North Sea the quantities and the 
physical characteristics of the water entering and leaving the area 
from time to time. Similar material, principally temperature and 
salinity data, collected at fairly regular intervals from numerous 
stations widespread over the area, will afford information relative 
to the rate of dissipation of the store of heat carried into the region 
by way of the channels above- mentioned. In conjunction with 
meteorological observations of air temperature, pressure, wind 
and humidity the directions in which this dissipation takes place 
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may be investigated. Systematic research on these lines ought Io' 
reveal certain « key » factors from which subsequent effects, hydro- 
logical and meteorological, may be computed. 

To sum up these arguments in a brief sentence one might venture 
the opinion that continued progress in the study of hydrology, 
while furthering the interests of the fishing industry, will at the 
same time have its repercussions on other human occupations 
through the medium of long -range weather- forecasting. As already 
remarked much has been done in the way of the acquisition of 
data. A great deal more however remains to be accomplished in 
this direction and on an organised principle. The magnitude, of 

the task is such as calls for international co- operation. At the 
same time the benefits which are visualised from a successful 
outcome of the work are unquestionably international in cha- 
racter. 

RESUME 

L'auteur montre combien une connaissance approfondie des 
conditions physiques des mers serait utile pour la prévision des 
caractéristiques des saisons ; problème des plus compliqués, mais en 
faveur duquel les données acquises dès maintenant sont très encou- 
rageantes. 

La température de la mer à une époque particulière montre une 
relation certaine avec les événements agriculturaux de divers pays 
du Nord de l'Europe, la connexion entre la température de la mer 
et celle de l'air étant évidente ; car si la température d'un mètre 
cube d'eau de mer, de 35 pour mille de salinité, est abaissée de 1° 

par déperdition de chaleur dans l'atmosphère au- dessus, cette perte 
est suffisante pour élever de 1° la température de 3.000 mètres cubes 
d'air. 

Depuis 1902, date à laquelle les investigations concernant les 
pêches ont été entreprises de façon internationale, des travaux 
importants ont été faits sur les propriétés' physiques des eaux de 
la mer du. Nord en rapport avec celles de l'Atlantique Nord. Les 
variations dans l'apport des eaux atlantiques ont non seulement une 
influence marquée sur la faune de la mer du Nord, mais aussi sur 
les conditions climatiques de l'Europe septentrionale. Par exemple, 
une faible circulation atlantique entre les mois d'Août et de Février 
correspond avec une basse température au- dessus de l'Europe cem- 

traie entre Février et Avril et de mauvaises récoltes de blé et de 
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seigle dans l'Europe occidentale et en Allemagne du Nord. Les 
conditions contraires se trouvent aussi valables : les bonnes récoltes 
de céréales, conséquences d'une température élevée en Europe cen- 
trale de Février à Avril, suivent à leur tour un afflux important 
d'eaux atlantiques dans les six mois précédents. On voit combien il 
serait intéressant de poursuivre de telles recherches en vue d'éta- 
blir des bases, en quelque sorte quantitatives. 

L'importance de ces travaux montre la nécessité d'une coopéra- 
tion internationale, car les avantages qui en résulteront seront 
aussi de caractère international. 
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