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Introduction: Material and Methods.

The Plankton Recorder survey was extended at the beginning of 1938 to cover
the northern as well as the southern North Sea. In addition to those forming
the 1932-37 survey (see Lucas, 1940, ‘ Bulletin 5No. 3) an extra line ran from Hull
towards Oslo, three ran from Leith to Hamburg, Copenhagen and Lerwick, and
two from the Pentland Firth to Hamburg and Norway. That from Hull towards
Oslo was discontinued at the end of 1938 so that the gear could be used in 1939
on an experimental line across the opening to the Faroe-Shetland Channel, described
in a later £Bulletin.” The war suspended all work at sea after August, 1939,
and since it was uncertain when it could be resumed, we have thought it desirable
to publish at once the data for 1938 and the part of 1939. The present paper
deals only with the Diatoms. The account of the Dinoflagellates and Phaeo-
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cystis has been postponed for reasons of economy; all the data has been
prepared for publication, and we hope to present it in the next £Bulletin.’
The relevant zooplankton data should appear in the two subsequent numbers.

Full details concerning the shooting and hauling of the Recorders during the
two years appears in ‘Bulletin > No. 7 (Plates | to V and Record List). As in
the earlier series there are rather more records for the phytoplankton than for the
zooplankton, mainly due to the extended autumn programme in the Southern
Bight. It will be seen that occasionally (e. g. July, 1938) records at the beginning
or end of a month have been allocated to the previous or subsequent month for
convenience, usually to provide the most valuable combination of dates for illus-
trating the changing time picture. On the other hand, although the calendar
month has not been strictly adhered to, it was clearly a convenient unit, and in
no case is the record more than a few days displaced nor has a period of more than
31 days been used. In all some 48,000 miles of record were obtained.

As before, mechanical defects have occurred sometimes, although the new
developments in the machine (Hardy, 1939, ‘ Bulletin 5No. 1) led to an appreciable
decrease after June, 1938. General principles outlined in ‘Bulletins’ Nos. 1, 2
and 7 are followed here, certain defective records being rejected, some discarded in
part, and a few being utilized with the knowledge that a part of the plankton may
have been lost (details of such defective and “ qualitative ” records are also in

Bulletin * No. 7). Unfortunately it has not been possible to obtain adequate
sampling m every month (March, 1938, being a particular example), bat in most
months a set of traverses is available which should indicate the principal features
ol the phytoplankton in the North Sea for that period. Since these are usually
the same for each month they provide standards for comparison and reference in
so far as they are suitably placed. Whilst they are grouped in periods of approxi-
mately one month, we should remember that there may be a considerable time lag
between the first and the last of a set, and give this due regard when necessary
(see Plates 1to V of 1Bulletin " No. 7). Sometimes there is more than one record
on a irne during thevmonth [e.g. the Leith-Lerwick route during the summer and

j femen route in the autumn). In the series of maps these have been
arranged where possible “ in parallels (the earlier record above) and bracketed
When this was not possible, the extra data have been recorded in the margin
(e g. Plate IX) ; the numerals I, Il or Ill for the Bremen route and | or Il for
the Lerwick route give the order in which the records were obtained.

There have been no important changes in the methods of analysis since the
introduction m 1937 of the system for providing estimates of organisms per mile in
blocks of ten miles ( Bulletin * No. 3, Vol. I, p. 75). The lengths of silk equivalent
0 e ten-mile blocks are calculated for each roll and representative portions of
each examined for phytoplankton: the pieces are then cut off and passed to the
zooplankton workers.. Thereafter they are stored for any future use: where
Phaeocystis is present m quantity, one-halfis scraped for an estimate of the volume
before being stored.
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Text-ng. 4, and Plate IX in the present paper. ' ’

numbers per mile found on each block. Rhizosolenia styliformis and Biddulvhia
sinensis are shown on large maps at six to the page (e.g. Plate VIII) ¢ sets of
symbols show the general distribution, whilst the numerical values demote the
varying quantities with more precision. The two methods may be compared bv
reference to Text-fig. 1, m which several records of R. styliformis on the Bremen
Line have been reproduced for the period September-November, 1937, in both
methods. For scales see Text-fig. 4in “ Bulletin * No. 3, and Plate 1X here. (Note
tor convenience the graphs m the former were limited in height.)
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Symbols only have been used for the other diatoms and the different diagrams
consist of the following types :

(1) All the data are shown on monthly maps at twelve to the page, so that
the two years are seen facing one another {e.g. Plates XVI and XVII). For com-
parison between these symbols and those used in £Bulletin * No. 3, see p. 40.

(2) Twelve or six selected months have been taken to illustrate the principal
features of the development (e.g. Plates XXXIV and XXXV). Any essential
remarks about the other data are given in the text, but otherwise they are arranged
as in (1).

(3) Some species which have been scarcer, or which at present seem to have
less significance, have been illustrated in periods usually longer than one month
(e. g. Plate XXXVII). The overall distribution is shown for each of these, together
with the Roman numerals for the months in which the principal patches appeared.
Additional remarks may be in the text.

(4) Only the overall distribution on the normal lines is shown for each year, or
the years combined {e.g. Plate XV). It should be remembered that 1939 was
incompletely sampled, so that for species which are normally abundant in the
autumn it is impossible to show satisfactory comparisons over the two years. (It is
important to emphasize this in relation to the whole survey, since even the omission
of the data from one or two records may seriously affect the resulting picture.)
For the two diatoms Rhizosolenia calcar-avis and Dactyliosoleti, so few traces were
found that they could conveniently be referred to the months.

Clearly, when working on the ten-mile block system, one will meet with
sections at the beginning.or the end of the record which are of less than ten miles.
For the phytoplankton we have normally used such as are over five miles as
representative of that block, and have rejected the others.

Throughout the programme we have attempted to obtain more precise data
than was possible in the earlier work; there remain certain groups for which it has
still been impracticable to find the time required for detailed analysis, and these
will be shown as groups {e. g. the group Hyalochaeta excluding Chaetoceros decipiens
and the “ Naviculoid ” diatoms). There are necessarily a number of features
rendering the approximations involved in this work greater than those normally
made (mainly due to the difficulties of analysis within dense concentrations of
mixed diatoms). On the other hand, the broad scale methods of presentation of the
data and the continuous method of survey reduce the significance of such defi-
ciencies. We are at present concerned more with the large differences which
can be (and are) found within relatively short distances : these greatly exceed
such errors as we have reason to expect exist in the individual data.1 One other

1 It is important to remember that the silk used in this work, 60 meshes to the inch, is much coarser
than that normally used for collecting phytoplankton. Consequently the quantities of many ofthe diatoms
are much smaller than those usually obtained with such nets, although we believe the differences in the
quantities found within this method to be significant ofreal differences in the conditions ofthe sea (cf. discussion
in “Bulletin * No. 3, Vol. I, p. 77).
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point concerns the depth at which the samples were obtained. For many organisms
it is clear that sampling at ten metres may be even less reliable in the deeper
northern waters than in the Southern Bight. Although we have been unable to
investigate this further, we have reason to believe that since the phytoplankton
flourishes only at relatively shallow depths, the differences will be less serious here
(of. Gran 1915 ; Marshall and Orr, 1930). The general problem of relation between
depth and the significance of the sample was discussed in ‘Bulletin * No. 3 and
we consider that many of the conclusions made there will apply also to the deeper
waters of the northern North Sea.

northern material has been analysed by C. E. L., and that for the south
by W.M. Owing to Mr. Macnae’ resignation from the Department to take up
other work, he has been unable to assist in working up the results.

The Distribution of the Diatoms.

As far as possible the maps have been left to speak for themselves, whilst the
usual descriptive section of the text will be limited to a few additional remarks
concerning material which has had to be omitted (see above) and certain points
to which attention should be drawn. In addition to the series of plates reference
should also be made to Text-figs. 2-5, in which the data for most of the diatoms
on the southern lines has been presented in an appropriate form for comparison with

Bulletm No 3. A few results will then be reviewed briefly in the discussion
the end of the paper, when some comparisons will be made between the data
tor the two years, and between these and the earlier years for the southern routes.
We-hope that it will be possible to deal more fully in later Bulletins with some
atters which have had to be omitted here or mentioned only very briefly.

As before, reference has normally been made to Lebour (1930) for identification
and the names used there have been adopted. When in the text reference is made
to traces or “ patches ” the former term indicates those small numbers of anv
diatom which are denoted by the symbol “ + ” on the series of maps ; the term

is used for the larger concentrations denoted bv the various other

patches
symbols on the scales provided. "

Parolia sulcata (Ehr.). (Plate VI shows the main concentrations.)

This is not a truly planktonic diatom, but is liable to be carried into the upper
layers at times of extensive disturbance. Although seldom numerous in comparison
with some other diatoms, its variations should be useful in connection with water
movements. Plate VI shows the marked seasonal variations together with the
great decrease in 1939, particularly in the Southern Bight. We may note its
general scarcity in the north-central North Sea, except in the winter months, this
being in agreement with the findings of Ostenfeld (1913). The various species of
uyrosigma, shown alongside, have often a similar distribution, and were also
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much scarcer in 1939. In these records both were very scarce round the west coast
of Norway.

Coscinodiscus spp. (Plate XXXVIII shows the main features in selected maps.)

It was impracticable to separate the species of this genus, but the large ones
(mainly C. concinnus) have been separated from the smaller ones, which have been
much scarcer on the whole ; the larger ones only are shown in the Plate, whilst in
Text-fig. 4 the whole data has been used for comparison with the 1932-37 results.
In addition to those shown, a few traces were found on the Leith—C€openhagen line
in May, 1939. The diffuse, and more northern, distribution of 1939 should be
noted. The only patches found were in the winter rather than the spring quarter.
It remains possible that some of the diatoms identified here as Thalassiosira
decipiens were in fact small Coscinodiscus, in view of well-known difficulties of
identification.

Thalassiosira spp. (Including Coscinosira spp.) (Plates X X 11 and XXII1.)

When these were dense we did not feel that the time would justify the labour
of separating Coscinosira from the main group (or the different species of Thalassio-
sira). Th. decipiens has been a common form in the earlier stages of the spring
growthland thereafter Th. gravida and Th. Mordenskioldii have been the commonest
species. The arrangement of patches in the north in relation to the possible entry
of external waters should be noted, and also the apparent mixing of such patches in
the spring of 1939. In general the group was more abundant in 1939. The per-
sistence of patches off the north-east coast of Scotland (even up to October in
1938) is of interest in view of Ostenfeld recording (for both Th. gravida and Th.
Nordenskioldii) their large numbers off the coast of Scotland in August when they
were scarce elsewhere.

Lauderia borealis Gran. (Plate XXXVIII shows the main features in selected
maps.)

In addition to those shown, one or two traces appeared in December, 1938,
and January, 1939. Note the much earlier north-western growth of 1939.
The general contrast between the autumn-winter distribution of the southern
North Sea and the spring-summer one in the north agrees well with Ostenfeld’s
findings, although the August-September patches off Heligoland in 1938 are
apparently an exception.

Skeletonema costatum (Greville). (Plate XXXI shows the main features in selected
maps.)

Other traces were found in May, November and December, 1938. It has been

very spasmodic in the records and is clearly more easily lost than most diatoms

1 £fe>however, the note on Coscinodiscus spp. W hilst these appeared to us to be Th. decipiens, it remains
possible that some of the isolated cells were, in fact, small Consinodiscus of the types forming the “ Disco ”
plankton of earlier writers.
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(note the modified scale). Once again autumn patches were scarce ; the recording
of patches near the Skagerrak in October, 1938, is so far the only instance in
these records strictly in accordance with Ostenfeld’s observation of a secondary
maximum.

Stephanopyxis turris (Greville). (Plate XXX shows the overall distribution.)

It was absent from June to August inclusive in 1938, whilst the sole traces in
1939 were in April; thus it was much scarcer in the spring of that year. Its
scarcity in the northern waters is interesting in view of Ostenfeld’s suggestion
that it may enter “ the North Sea via the North of Scotland ” (1913, p. 419).

Dactyliosolen spp. (Plate X1 shows all the records.)

A few cells were first seen on the Bergen line early in October, 1938, followed
a fortnight later by a few more a little to the east. Another trace was also found
off the Skagerrak in November. It is probable that the species was D. mediter-
raneus. Ostenfeld notes (1913, p. 508) that it “ is carried by the current through
the Faroe-Shetland Channel into the North Sea.”

Leptocylindrus danicus Cleve. (Plate XXXVII shows all the records.)

Note its generally more northern distribution in 1939. Like Skeletonema it
has been very patchy in these records, probably owing to its small size.

Guinardia flaccida Castr. (Plate XXIX shows the overall distribution for each

year.)

One small patch occurred near the junction of the Esbjerg and the Leith-
Hamburg lines in July, 1938 ; only traces were found on other occasions. The
north-western traces of 1939 appeared in July and August. We have already
remarked (‘Bulletin ” No. 3) that a tendency to live in deeper waters more than
other forms may account for its unusual scarcity in our records.

Corethron criophilum Castr. (Plate XV shows the overall distribution for each

year.)

The largest numbers were found on the Lerwick line in August, 1939, but it
was not a dense patch. Previously, fair numbers had been found at the eastern
end of the Faeroe line (July, 1939). In view of Ostenfeld’s remarks, the few occur-
rence” off the Skagerrak in 1938 (occurring in October) are interesting. He
says it may undoubtedly be considered an indicator of Atlantic water”
Similarly the few occurrences on the Hull-Bremen and Hull-Rotterdam lines in
1932 and 1933 may prove to be important.
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In addition to those shown a trace appeared near Borkum in June and November,
1938, and a small patch off the Skagerrak in August, 1939.

Rhizosolenia alata Brightw. (Plates XVI and XVII.)
The great difference between the growths of the two years should be noted.
li JIU18 did a si8nificant lowering appear in 1939, and even by August no
cells had been seen south of the latitude of the Forth estuary. Even offthe Skager-
rak and in the north-west the numbers were lower in 1939. The forma gracillima

een undoubtedly the most abundant in these as in earlier records, but the

las
Although the forma indica was seen in 1938, it

ypica orm may also be common.
was not as numerous as in 1937.

Rhzosolenia faerdmse Ostenf. and R. fragillima Bergon. (Plate XXIII shows
the important patches of July and August, 1939.)

A number of traces and one or two small patches were found at other times

(mainly in the south). It seems probable that the southern ones were largely R.

Jragulima, whilst R. faerdense was dominant in the north-west, although identi-

inon°V SWeU k f" 11 to be uncertain- In contrast to the patches shown for
onv one north-western trace was found in 1938 (in June).

Rhizosolenia Stolterjothii H. Perag. (Plate XXXIV shows the main features in

selected maps.)
In addition to those shown a few traces were found in April and May, 1938
and May and August 1939. The limitation of the main patches to the Forth and
e Tay estuaries and the Heligoland and Southern Bights, is a point of interest.

Rhizosolenia Shrubsolei Cleve. (Plates XV III and XIX.)
Although this species was generally scarcer in 1939 than in 1938 (with the
possible exception of May) there were significant resemblances between the two

Trz+h  fi north-western patches in May, the larger ones off the
1orth m July, and the much larger south-eastern ones from May onwards.

Rhizosolenia setigera Brightw.

A few traces mainlgsglong the Hull-Copenhagen line, were recorded in

September and October, 1

Rhizosolenia styliformis Brightw. (Plates VII to XI.)
Undoubtedly this species is given undue prominence in these records as the
result of its greatsize, butitis difficultto avoid the impressionof itsimportance (and
certainly of its significance) m understanding the North Sea cycle. The southern
growths of 1938 are similar on the whole to those outlined in *Bulletin * No. 3
for the years 1935-37, although the quantities are smaller and it was unusually
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scarce in October and the succeeding months. In fact, after January, 1939, no
cells were found south of Lat. 55° N., and very few south of 56° N., until the small
central patch appeared on the Hull-Bremen line in July. On the other hand,
the recent survey gives us information about the life of R. styliformis outside the
old area, and for the first time it is possible to follow its development over the
greater part of the North Sea. What we may term the south-eastern growth in
1938 clearly extended well beyond the southern North Sea proper, but in addition
we find that quite large flowerings may occur also in the waters of the north-west
(particularly in the autumn). Such northern North Sea patches seem to have
received little attention in the past (of. Ostenfeld, 1913), and there is reason to
believe that their investigation may be useful. Examination of the cell sizes
(see p. 43 and Plate VII) suggests that the diatoms of the two regions may be
distinguishable since those of the north-west are generally smaller than the south-
eastern ones. We have further found that when, as in the autumn of 1938, the
distribution of R. styliformis was more or less continuous over the area, it was still
possible to separate the two types by this means and so to obtain some idea of the
degree of mixing of the waters. The absence of the autumn data for 1939 prevents
full comparison with the 1938 results, but we should compare and contrast the
appreciable north-western patch of April and May. We may also note the per-
sistent, though small, patch on the Leith-Copenhagen line which appears to carry
over from the previous winter until May. Such apparently persistent centres
are likely to be important, though in this case we are unable to say whether there
was a similarly persistent one in 1938.

For comparison of the monthly “totals” and the “ maximal” quantities
with the data for 1932-37 graphs may be used which have been prepared for the
three southern lines (Text-figs. 2 and 3). The general decrease in abundance
m 1938 is clearly shown here. We may say that the results as a whole agree very
well with the unpublished data very kindly shown to us in advance by Mr. R. S.

Penny, of the Ministry of Agriculture and Fisheries Laboratory, Lowestoft.

Rhizosolenia calcar-avis Schultze. (Plate X1 shows all the records.)

These traces are the first recordings of this species since the survey began in
1932. Note the apparent translation in position between the findin%f in the two
months.

Rhizosolenia hebetata semispina (Hensen). (Plates XX and XXI.)

A With the exception of July, it was scarcer in the south in 1939 than in 1938.

erwise many of the features are similar. We may note in particular the double
patches on the Bergen line in the spring of both years (cf several other species of
diatoms) and the summer patches off the Scottish coast. The latter patches (in

M0 af ocljtlon WIth R’ Stolterfothii) and the very southerly patches of May
1938, should be considered in conjunction with Ostenfeld’s suggestion that this
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is an oceanic species which “ penetrates into the North Sea by the access north

of Scotland (1913, p. 441).
Only a few cells of R. h. hiemalis Gran have been seen during the two years.

Chaetoceros.

m "~ Cel?35 WP separated the two subgenera Phaeoceros and Hyalochaete.
?e dltiiculties of further subdivision when diatoms are numerous (the occasions

when precise identifications would be most desirable) do not justify the time

required, but we have found it possible to separate CKdeaipims from the Hyalo-

cnaetes, and so will present the data in three sets.

Chaetoceros s.g. Phaeoceros. (Plates XXIV and XXV.)

These have consisted largely of Ch. borealis and its varieties. The numbers in
the two years seem to have been rather similar, 1939 being perhaps a little thinner
in the south In this group may be noted a particular tendency which is shown
more or less by several forms: after a fairly widespread distribution the central
region becomes empty and the patches are mainly coastal. The northern patches
developed later each year than in the south.

Chaetoceros decipiens Cleve. (Plates XXVI1 and XXVII.)
F Here agam the northern patches were about a month later than in the rest
tlie wllole ~ was a little scarcer in the south in 1939 than in 1938

fe nt m nortll- The occurrence is in general agreement
with that found by Ostenfeld. In Text-fig. 4 these are included in the group for
N

comparison with 1932-37.

0 alea-

Chaetoceros s"g. Hyalochaete (excluding Ch. decipiens). (Plates XXVIII and

XX1X)

Agam the southern patches were rather weaker in 1939 and the northern ones
inoTgjr' 1 group we can see that the northern patches may, as in
1939, develop even earlier than the southern ones (note, however, how hetero-
geneous is the group). The persistent patches off the Orkneys and Shetlands
particularly in 1939, should be noted. The group was particularly scarce on the
southern lines in comparison with the dense patches found in the year 1937 (cf.
also Text-fig. 4, in which this group and Ch. decipiens are combined as Total
-tlyalochaetes).

Biddulphia aurita (Lyngb.). (Plate XXXVI.)

In addition to those shown a few traces were also seen in March, 1938, and
January, 1939. The limited coastal distribution is clearly seen (cf. Ostenfeld,
1913). It is unfortunate that the omission or failure of some records in April,
1938, and March, 1939, should have prevented effective comparison with the large
quantities found along the Danish coast in April, 1939,
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Biddulphia mobiliensis (Bail.) Grun. in Van Heurck and B. granuLata Roper.
(I late XV shows the overall distribution for each year.)

Certain doubts regarding identity suggest that it is still advisable to combine

e data for these two species. B. mobiliensis is definitely the more abundant of

e wo. No large patches were found, but in 1938 the most widespread distri-

u ion occurred in February. The few occurrences in the north-west should be

compared with those for B. regia (with which this data is combined in Text-fig. 5
for comparison with 1932-37).

Biddulphia regia M. Schultze. (Plate XV I shows the overall distribution for each
year and the large patches of 1939.)

This has been scarce at most times, and although in 1938 it was most abundant
m the spring, yet only one small patch was found then (near the Maas in February).
The greater numbers were in 1939 (note the occurrences in the north-west then),
t is striking that for at least eight years (according to these records) it has remained
relatively inconspicuous in comparison with B. sinensis, although it used to be
regarded as an important feature of the plankton. In Text-fig. 5 this species has
been combined with B. mobiliensis and B. granulala for comparison with 1932-37.

Biddulphia sinensis Grev. (Plates X1l to XV.)

As with R. styliformis the southern distribution resembles that of the previous
years fairly closely, although the numbers in the autumn of 1938 were lower than
in 1937. We should note also that dense patches were never found so near to the
Outer Dowsing Light as in that year, and that the occurrence on the Hull-Copen-
hagen line was once again limited to the water east of the Dogger Bank. On the
other hand the quantities on the Rotterdam line for a brief period were the greatest
found in these records: note, however, their more central position. These
points are shown clearly in Text-figs. 2 and 3, where the “ total ” and the “ maximal ”
distributions in time and space are given for the three southern lines.1 The extended
survey enables us to see the limited distribution in the autumn of 1938, probably
a typical one (cf. Ostenfeld, 1908 and 1913). In view of this the appearance of
small patches in the north-west in the spring of 1939 may be important; it may be
compared with that for several other diatoms (B. regia, Ditylium and Bacillaria,
etc.). Not since 1930 has the Scottish Fishery Board recorded B. sinensis in
abundance for this region (Rep. Fish. Bd. Scot. for 1930 to 1938).

Biddulphia rhombus (Ehr.) W. Smith. (Plate XV shows the overall distribution
for each year.)

Traces only were found, and their very limited occurrence in this survey amply

confirms the apparent limitation which we found in the earlier work. In 1939 it

seems to have been even more limited than in 1938.

1 Note that the patch on the Copenhagen Line in 1938 was much denser than those in 1937, although
this is not apparent in Text-fig. 3, owing to the abridged scale adopted for convenience (cf. also Text-fig. 2).
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Text-fig. 4.—Diagrammatic tables, for comparison with Text-fige. 8 and 9 of ‘ Bulletin * No. 3
(1932-37), showing the varying densities attained by the more important diatoms other than
Rhizosolenia eiyliformis and BiddvZphia sinensis on the three lines from Hull to Bremen, Rotter-
dam and Copenhagen, month by month from January, 1937, to August, 1939. The months
are indicated by the letters J., F., M., etc. One observation is given for each month in which
a record was taken: Q = none found, ® = presence, Q = medium patch, = # major patch,
and — =no record taken (see p. 40). Reference to the serial maps in Plates VI to XXXVIII
will indicate both the extent of the patches and which lines were sampled in any month.  The

tables are further continued in Text-fig. 5.
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(Plate XI1X shows the patches of

In addition a trace was also found in May, 1938, on the Rotterdam line, and

several in the Southern Bight in November.

end of the survey.

the German coast northwards, to which we shall later refer.

None were seen in 1939 up to the

There was a close association with Bacteriastrum spp. during
these months, and the two sets of data suggest the possibility of a movement from
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Bellarochia malleus (Brightw.) Van Heurck. (Plate XV shows the overall distri-

bution in each year.)

Note the limited distribution. No large patches were found, but in 1938 the
bulk occurred in the autumn as usual. Differences between the two years are not
really significant since we could not obtain samples in the autumn of 1939, but the
more northerly samples found in the earlier months of that year are of interest in
view of possible movements after the autumn of 1938.

Cerataulina Bergonii H. Pérag. (Plate X X1 shows the large patches of May and

June, 1939.)
In addition traces and a few very small patches occurred centrally at other
times in both years. There are no comparable patches for May and June, 1938
(cf. also Rhizosoleniafaerdense).

Ditylium Brightwelli (West). (Plate XXXV shows the main features in selected

maps.)

Other traces were found in the south-east in May, June and September to
November, 1938, and January, February, May and June, 1939, but there were
none in the north-west other than those shown. The general distribution should
be compared with that for Biddulphia sinensis (cf. Ostenfeld, 1913, who compared

it with his group B. mobiliensis sens. lat.).

Eucampia zoodiacus Ehr. (Plate XXXV shows the main features in selected maps.)

There were only scattered traces from June to August, 1938, and October,
1938, to March, 1939, whilst none appeared after May, 1939. Note the decrease
on the southern lines after 1936 and 1937 (cf. Plates XLI-XLIV in ‘Bulletin 5

No. 3).

Naviculoids.” (Plate XXXV shows the main features in selected maps.)

This comprises the same group of chain forms (Navicula, Fragillaria, etc.)
which appeared in 1Bulletin * No. 3. There were only occasional traces at times
other than those shown. They appear to have been more abundant in 1939
as far as the evidence goes.

Asterionella japonica Cleve & Mdller. (Plate XXX shows the main features in

selected maps.)

In addition to those shown there were small patches during the incompletely
recorded March, 1938 and to the south of Aberdeen in June. Other traces and
very small patches were found in August, October and December ; the last, being
off the Outer Dowsing Light, is part of a continuous series from November through
to the extensive growth there in February and March, 1939. Those patches found
m the Southern Bight in the spring and early summer of 1939 may be related to
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the earlier series of records ; a small one was still there in August. Note also the
persistent patches off the Forth-Tay estuaries. The later appearance of the
northern patches is seen in each year. Whilst the general distribution is coastal,
the distribution in April, 1939, is of interest since Ostenfeld found that “ it is only
found in quantities near the land ” (1913, p. 410).

Thalassiothrix longissima Cleve & Grun. (Plate X X X111l shows the main features
in selected maps.)

Note the unusual scale adopted here for convenience. In addition to those
shown, extensive patches were found on the Pentland-Hamburg line in March,
1938. Apparently it was much scarcer in the centre of the area in the spring of
1939, and perhaps more abundant in the north-east. The apparent south-eastern
movement in the autumn of 1938 should be noted.

Thalassiothrix Nitzschioides Grun., Van Heurck. (Plate XXXII shows the main
features in selected maps.)

Itis possible that in the north small quantities of unidentified Thx. Frauenfeldii
have been included in these samples. Very few traces were found after June in
each year. In the north by far the larger quantities appeared in 1939, the wide-
spread patches of March and April being very striking.

Gyrosigma spp. (Plate VI shows all the occurrences along with the data for
Paralia sulcata.)

This includes all the sigmoid diatoms. Their close association at times with
the patches of Paralia may be observed and probably, like Paralia, they are only
carried into the upper layers at times of extensive disturbance. They were very
scarce in the south after September, 1938, and even earlier in 1938 they were much
rarer than in 1937.

Bacillaria varadoxa Gmel., Van Heurck. (Plate XXXV II shows the main features
in selected maps.)

Other small patches appeared in the Southern Bight in February and April,
1938, and off the Friesian Is. in May and July, 1939. The appearance of traces in
the north-west in 1939 may be associated with a similar occurrence of several other
diatoms there in that year. There was a marked decrease in 1938 (and possibly
1939) when compared with 1937 (cf. Plates XLII1-XLIV in fBulletin * No. 3).

Nitzschia closterium (Ehr.). (Plate X X1X shows the overall distribution.)
Again (see ‘Bulletin * No. 3) this was most common in the presence of Phaeo-

cystis, both in the south and the north-west (probably due to the clogging effect
of the flagellate). It is also found at other times, although clearly there is more
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chance that it will not be recorded when Phaeocystis is absent. The overall
distribution is found to be very extensive both in time and space (it was found in
every month except December). It is probable that a proportion of N. delicatis-
sima has been included at times with the slenderer types of this species, but this
should be small.

Aitzschia seriata Cleve. (Plate XXV 11 shows the date and position of all the main
patches, together with all other records.)
Note its rarity in the southern area and the general changes in position between
the first and second parts of 1938.

Other species.

Other species recorded were Streptotheca thamensis Shrubs., Hyalodiscus
steliger Bailey, Melosira Barren Greville, Licmophora spp., Biddulvhia favus (Ehr.)
Actmoptychus undulatus (Bail.), and Grammatophora spp. There have been no
records during 1938-39 of those other speciesin Table I of ‘Bulletin > No. 3, which
are not mentioned above, but which occurred from time to time during 1932-37.

t]Je otilei' Jland we should remember that these were usually only isolated
recording wklst the scale of working has been decreased during the recent years
with the adoption of the ten-mile block system.

Discussion.

Although we hope to deal more fully with the various points reviewed below
™ [ttT iaperi ~ PrefIntomu® stanc«s ™ ke i*desirable to present some tentative
ggestions regarding the more obvious features of the data at this date.

The Data for 1938.
It is evident that we cannot regard the year 1938 as providing a full survey e

"nthTte o7MJchI) n0t/ ° SSiV\é 2°\&r anytHnS tte the whole area * »me
Similarly

flISnd,« information has been missed.

f j thef nod Jul% T Af tO 1939, for example, was fairly well sampled
there are good reasons for believing that it could hardly be representative inS

of various signs that it was a transition period. Yetsince this is the first attempt
“w ™en*Jy.P10tures of # varying diatom flowerings over the greater part

m%WP and ¥or this purpo?g itis béksto t% ;touélfftﬁ)bgnag"fgtiac%%tehSvsi%lréﬁ%ael 98?!?'0[)'
16Ja™ fry and some for February show the phytoplankton

T ° e-alth°Ugh, a few « 8h°w residues of the
" Sine'ms an(i some of the Ceratium spp.). Some however in

™ y
Ihalassiosua spp. (at first mamlyafh. dem%t%ne'ﬂggome Phaeocerids,

to
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Skeletonema and Thx. longissima. Appearing first as scattered patches over the
Dogger Bank and to the north of it, most of them seem to have developed rapidly
in March, giving rise in April to quite extensive patches in the centre of the area.
These are dominated by Thalassiosira spp. (now mainly Th. gravida and Th. Norden-
skidldii along with Coscinosira spp.), chaetocerids of all three groups, Thx. Nitz-
schioides and smaller numbers of Asterionella and Skeletonema. Meanwhile Thx.
longissima decreased whilst Eucampia, R. semispina and R. alata had been
developing in the central region (just as in the Heligoland Bight the earlier patch
of Coscinodiscus spp. had given place to B. aurita, and B. sinensis showed further
growth in the Southern Bight). As far as the incomplete evidence goes there is
reason to believe that a similar process went on in the north about one month
later, to include a significant patch of R. styliformis in May, although apparently
not including Eucampia and B. aurita or Coscinodiscus spp.

To anticipate a later report we should note here that in April the southern
growths of the flagellate Phaeocystis had begun (culminating in May and June),
whilst the Dinoflagellates began to appear in appreciable numbers, attaining a
maximum much later. There were two initial centres for the production of both
groups, as with the diatoms, broadly speaking in the south-east and the north-west.
Once again, it seemed, the northern one was about a month behind the southern.

It is necessary to bear in mind the growths of the flagellates, since they play
their part in the rapid changes occurring after April. In May the diatoms were
generally scarcer in the south (we should note the temporary maximum of B.
sinensis), although it is likely that they attained their northern maximum then.
It is striking that on the whole they were more on the periphery of a central zone
which many of them had been occupying before. Just as May shows the rapid
development of the flagellate (and, indeed, the animal) plankton, so it proved
to be in the nature of a transition month for the diatoms. Few of the earlier ones
were left in June, and these were mainly restricted in extent. We may note
particularly that whilst R. styliformis and R. semispina had been decreasing,
R. alata had become much more prominent, and well-defined patches of R. Shrubsolei
had appeared in the south-east along with R. Stolterfothii. These three last, as
well as local patches of R. semispina, chaetocerids, Thalassiosira and Skeletonema
form a background to the conditions up to September (amongst other details
there were relatively large patches of Leptocylindrus). Whilst R. alata was most
prominent in the northern and central waters, the other two were mainly south-
eastern, and in September we see them giving place to the now familiar patches
of B. sinensis, which have appeared there during each autumn of this survey (in
association with various smaller diatoms). At the same time R. styliformis
appeared over the western patch of the Dogger Bank. In the north-west we find
the smaller Rhizosolenias persisting until October, until styliformis began to
develop there too (though not in association with B. sinensis). Other diatoms of
the southern autumnal flowering were usually in smaller numbers as far as these
records are concerned ; Chaetocerids were prominent, whilst there were smaller
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patches of Thalassiosira, Leptocylindrus and Skeletonema with fair growths of
Coscinodiscus in November. Although in small numbers, it is useful to remember
the patches of B. alternans, R. calcar-avis and Bacteriastrum off the Dutch-German-
Danish coasts at this time, and their apparent movements. We should also note
the apparent movement of diatoms away from the Scottish coast during the last
three months, along with a similar translation shown by the southern patches of
R. styliformis and B. sinensis towards the north-east. By December there was
little but B. sinensis and small numbers of C. concinnus to be found.

The Data for 1939.

In the broadest sense the development in 1939 may be said to have been
similar. In fact, the process outlined above is a familiar one, apart from some
details which are now available from monthly surveys. On the other hand there
are many important differences. Once again the north-western flora tended to
be about a month later, and the more numerous spring records for this year
enable us to be more certain of this. Very few diatoms were- seen in January,
but in February early spring forms again appeared, although with a difference in
distribution (e.g. B. sinensis was restricted to the Borkum region in February
instead of near the Outer Dowsing Light, and it had a more northerly position in
March and April). It isimpossible to compare adequately the conditions in March,
although the data for 1939 tend to confirm our earlier suggestion that there had
been little growth in the north-west then, when elsewhere the diatoms may be
quite abundant. In particular we should note the good growth in the north-east
at this time. In April, on the other hand, they were well advanced in the north-
west and the data for the spring period show many differences from 1938. Whilst
the general background was the same, we may note the general scarcity of, e. g.,
Eucampia, R. alata and R. Shrubsolei in 1939, and the lower numbers of Thx.
longissima, whilst Thx. Nitzschioides, Thalassiosira spp., Bacillaria, “ Naviculoids,”
Ditylium and B. regia are much more abundant. A number of diatoms appear to
be much more northerly this year (or at least scarcer in the south), and amongst
these Thx. longissima is striking. In particular we must note the patches of
B. sinensis (along with B. regia, Lauderia and traces of Ditylium and Coscino-
discus) in the north-west, and the subsequent patches of Cerataulina and R.
faerdense (also the slightly more southerly and later traces of Bacillaria), all of
which were scarcely (or not) apparent in 1938. In general the northern and north-
western complex was much denser, and even in August showed differences from
the previous year’s growth (cf. the patch of Corethron). There were also differences
in the distribution of the Ceratia, which will be referred to in a later paper.

There are other differences in the Southern Bight. Whilst a few of the earlier
forms were quite abundant at first (e. g. Thalassiosira spp.), many were much
scarcer (cf. R. alata, which was both scarcer and later this year), and on the whole
the chief concentrations were more northern (e. g. R. styliformis, R. Shrubsolei,
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R. semispina and the Phaeocerids). Not until August did R. alata attain anything
like the densities of the previous year, and along with this we see the general scarcity
of R. Stolterfothii and Leptocylindrus. Yet a few diatoms, amongst which Asterio-
nella, B. regia, Ditylium and Bacillaria stand out, were particularly abundant or
persistent. The general impression appears that although the “ residual ” crop
south of the Dogger Bank may at first have been of the order of that in 1938, it
became progressively thinner and, indeed, the area affected in this way became
larger. In association we may anticipate the flagellate data to say that whilst
Phaeocystis was perhaps even denser than in 1938, all the species of Ceratium
were fewer in the southern half of the area.

During the year 1938 and the incompletely sampled 1939 it is worthy of note
that, after a period in which the diatoms were fairly widespread over the central
waters of the North Sea, they became progressively scarcer there from May onwards,
the summer patches being on the whole much more coastal and, of course, thinner.
This is more striking in 1938 than 1939, perhaps owing to the smaller numbers in
the south for the latter year, and we see that it was not until October and November
that they became relatively significant in the central waters again.

Comparison with the Datafor 1932-37.

The differences seen here could be understood better in relation to a longer
period. Unfortunately there are no adequate data for the northern area, but the
more southern data may be compared with that in ‘ Bulletin * No. 3. There we
came to the conclusion that over the period 1932 (or 1931) to 1937 there had been
a general increase in the densities of the residual crops of diatoms and Dinoflagel-
lates, culminating variously in 1935, 1936 or 1937, although mainly the last. In
several ways 1934 and 1936 showed deviations from this trend, and in some species
it probably began after 1933, rather than in 1932. By no means all showed the
trend, but most did so, and some which did not show the change in numbers still
showed changes in distribution which might have been related.

In view of this we awaited the data for the later years with great interest in
order to see whether any return to the earlier conditions might be found. Text-fig. 2
shows the total numbers of R. styliformis and B. sinensis for each record in 1938-39,
arranged as in Text-fig. 5 of cBulletin " No. 3 ; for effective comparison the totals
are for the shorter lines of the old period (180 miles of the Hull-Bremen route, from
the Outer Dowsing Light to Borkum, and for 250 miles from the Humber Light on
the Hull-Copenhagen route). R. styliformis was much scarcer on the Bremen
route in 1938 (and also on the Rotterdam, as far as the slight evidence goes),
although it was slightly more abundant on the Copenhagen route for a short period.
B. sinensis decreased even more extensively on the first and, although along the
Copenhagenroute it reached a similar quantity, it persisted for a shortertime than in
1938. In association we must note that it extended far less towards the Outer
Dowsing Light this year than it had done since 1933 ; consequently the mixing
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with R stiilifarmis was slighter. Similarly its extension along the Copenhagen
A wastofed to the waters east of the Dogger Bank in contrast to he — 1
(in these records) extension in 1937. On the other hand the total on the Rotter-
dam line was much higher than before, and both spring totals were rather higher
M o re Thesepits arebroughtoutin Test-fig. 3 which showsthe mammal
guantities found on the different parts of each ~  throughout 1937 and 193,

fhev mav be compared with Text-figs. 6 and 7 of Bulletin No. 3. ine lacx oi
samples in 1939 prevents the useful comparison we should have wished to make
foranother year but we should note the patch of R. styhfonms and the traces of
B sinensis in July and August which may be the precursors of new autumn patches.
As far as the evidence goes, both diatoms appear to have been soarcer in the spring

°f 1990 Srelfsife”~dence ofa decrease in these forms to which we have

comparison between the new and the earher feta. H o~ r tbe ath ~p

comparison with that for 1937, as m Tex S. and/or 1939 than
of the diatoms provided smaller numbers ( ewed thus) m 1938 and or

e 1Qo7 fupwaT in which so many had been apparently at tnerr mgne

~ "K S fg IS . ar f«tk.c -i- E
on the Bremen and Rotterdam lines the 1938 totals were even higher than m 1937

(the highest so far on these lines), there was a big reduction on the Gopenhagen Ime*
Even more striking were the conditions in 1939, when all the species showed marked



COMPARISONS WITH 1932-37 41

reductions for each month in which there were samples. Even on the Rotterdam
line the patch of C. fusus, which had been so abundant in 1937 and 1938, was
insignificant until August, and then was much less than in 1938. The totals for
the two northern lines were more of the order of the low values found in the earlier
part of the survey. On the other hand, we have found that Phaeocystis, which
was abundant in the first years and then scarcer until an increase occurred in
1937, was even more abundant in the last two years.

One more point of comparison is noteworthy. In ‘Bulletin’ No. 3 (p. 132,
and Text-fig. 10) we showed how in the earlier years the diatoms tended to be
towards the edges of the Dogger Bank, whereas later they became relatively
more abundant in the central and western regions of the Copenhagen line.
Similarly on the Bremen and Rotterdam lines they tended to become more
western in distribution. In 1938, however, the patches were on the whole much
scarcer in the western waters (particularly those round the Humber mouth and
on the western half of the Rotterdam line). Once again we see that, although
the 1938-39 diatoms were often more abundant than in the earliest years, yet in
still another feature they resembled these rather more than 1936 and 1937.

In comparison with Ostenfeld’s Plankton Resumé (1931) it is evident that, in
general, both these results and those of the quarterly surveys of the International
Council are in agreement for the southern and the northern North Sea. On the
other hand the monthly data usually available here enables one to denote the
periods of maximum with much greater precision than before. As a point of
disagreement we may note that Rhizosolenia h. semispina is omitted from Osten-
feld’s list of common spring forms in the southern and the northern North Sea ;
it is also surprising that Thalassiosira spp. does not appear there as a spring form
for the southern North Sea and Biddulphia sinensis in the autumn. The last may
well be due to the fact that B. sinensis was only then (1902-08) beginning to develop
in the area, but throughout this work all three have appeared as important diatoms
in the phytoplankton, even after allowing for their various sizes in relation to
those of the other species.

We cannot make similar comparisons for the northern waters, except to
emphasize the changes from 1938 to 1939, the general increase in the last year
providing a complement to the reductions in the south. It seems important to
emphasize also jthe occurrence of a number of forms there in 1939 which we did
not find so abundantly (or at all) in 1938, some being more (or entirely)
restricted to the southern waters in 1938. Although in March and April there is
unfortunately a shortage of records here in 1938, wherever comparison «an be made
the difference is quite sharp (cf. the later differences for May-August, in which
most of the records are available). There seems to have been a distinct addition
to the fiora, since most of those present in 1938 were also there in 1939. We may
note that for one of the diatoms, B. sinensis, the Scottish records suggest that
not since 1930 has it been so abundant there (p. 31). It seems very unfortunate
that owing to the war the records should have ceased ; there is reason to believe
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that data even for one or two more months might have added largely to our
knowledge of the apparent cycle of events in the North Sea during the last few
years—particularly regarding the autumnal flowerings of R. styliformis and B.
sinensis in the Southern Bight.

General Remarks.

Whilst we had to limit our work at first to three divergent lines from Hull,
we had the difficulty of being uncertain how applicable the data might be to the
problems for solution. The Esbjerg line immediately gave some checks on this,
and we could see how on the whole the data from the intersecting lines was confir-
matory. Yet we often had evidence that the absence of an organism from the
Bremen line, for example, could be misleading, since it might be found in fair
numbers on the other (see * Bulletin * No. 3, p. 100). Now that we have had ten
lines, each normally intersecting with another at least once in each month, it is
clear that the individual lines can only be used with qualification. There are still
large gaps in the network in which important processes may go on undetected
(the results from the unusual recording of a Lerwick-Hamburg line in July, 1939,
may be noted here). The whole set of records must be associated and full allowance
made for the gaps in observation, both in time and space, and the varying times
of recording.

In this connection the new work has provided even more evidence of the
importance of patchiness (and more reliable data for its study in some species).
Whilst the more general remarks of the earlier survey will still apply, they require
qualification. When we consider the diatoms as a group, we see at first very marked
patches with sharp boundaries, yet within these general patches are equally sharply
defined sub-patches of the individual species (or even varieties). Data for the
Dinofiagellates present similar features. In general (and this applies by no means
only to the phytoplankton) we see that there are regions which are productive for
one of the main groups, which may yet yield very different analyses within their
boundaries ; the time factor shows this to be a dynamic problem, and one which
concerns the inter-relationships of different organisms, both physical and biological
(see also Lucas, 1938). It seems likely that many of the details, and perhaps
some of the broader features, of annual and even longer cycles will be bound up
with this problem.

The data from this and the earlier survey are already being studied in relation
to the hydrology of the North Sea and water movements ; certain features can
only be understood in this light. Both 1938 and 1939 have shown further evidence
of the type of movement suggested for the south in earlier years, although 1939
shows also some obvious differences. However, the extension which has enabled
us to link the old area to a much wider field is likely, through the information
gained in the north, to produce a better understanding of the southern events.
Examples ,are seen in the apparent translation of many forms (Thx. longissima,
R. styliformis, Dactyliosolen and the Chaetocerids) away from the Scottish coast
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eastwards and southwards in the autumn of 1938 ; with this we may associate
the more familiar movements in the south-east as R. styliformis and B. sinensis
recede towards and along the Dogger Bank (although the latter does not, as in
1937, spread over the western half of the Dogger Bank). Patches of Chaetocerids
and the smaller Rhizosolenia spp. appear to be moving in the same manner,
whilst some zooplankton species show similar changes. On the other hand the
relative stability of some patches in time suggests, not so much a lack of movement,
as the persistence of suitable conditions (perhaps from swirls or upwelling) in that
region. Such are found, for example, near the western and eastern ends of the

Bank, particularly in the autumn, and offthe coast of Scotland on a number
of occasions (in particular the possibly continuous occurrence of a patch of Asterio-
nella in the Southern Bight from November, 1938, to August, 1939, may be the
results of some such swirl (see p. 34). The more or less re”ilar occurrence of such
concentrations of diatoms and their detailed variations in position must be of
great significance in consideration of the bottom communities of these regions
(cf Orton, 1937, on the relations between swirls or eddies and the local ground
fauna).

In addition to such hydrological evidence as is provided by the movements or
persistence of '£bodies ” of diatoms (relatively persistent communities which can
be identified from time to time), we have also been using the method of identification
adopted by Wimpenny (1936)—that of measuring cell sizes. As well as measuring
the sizes of cells of suitable R. styliformis patches in 1932-37, at least some measure-
ments have been made in all the patches of 1938-39. These will provide material
for a paper to follow, but we may anticipate results to say that the data suggest
a ready means of separating the northern and the southern crops during these
years. On the whole the northern cells were much smaller, and the general
difference might seem to imply a mixing of the two crops in the central North
Sea towards the end of 1938. Plate VII provides a summary of the data for 1938
by showing symbolically the sizes of the smallest cells found throughout the whole
year on each pair of blocks (“ double” blocks of twenty miles). In this way
the black symbols (denoting the larger “ smallest ” cells) show clearly a south-
eastern region in which cells similar to the even smaller ones of the north-west
were rarely recorded. Along the northern edge of this area there appears to be a
region in which the two smallest sizes are mixed. The relationships between these
are complex and will be discussed in the later paper. Meanwhile the problem is
also being investigated by Mr. R. S. Wimpenny (of the Ministry of Agriculture
and Fisheries Laboratory at Lowestoft), with whom the writer is in touch ; it is
hoped that through these different approaches a sound solution will be found for
this interesting distribution. It seems likely that such work might profitably
be extended to some other species, and since the Recorder material has certain
advantages for this purpose (as well as some disadvantages), we are continuing
the investigation by means of analyses of the sizes of B. sinensis which are likely
to have a rather different relevance.

8, ii. 4
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A few concluding remarks should be made regarding the incomplete cycle of
events which we have postulated for the period 1932-39. Full consideration must
be deferred until the data for the zooplankton can be reviewed as well as the
associated conditions in the sea, although we may say that some similar trends
have also been found in the zooplankton. However, it is suggested that the

residual stock % of many phytoplankton species appeared to increase for some
years (variously from 1931-33 to 1935-37), and that thereafter they decreased to
various extents. In association one or two species appeared to do the reverse, or
showed more or less cyclic changes in time and space. We referred in “‘Bulletin’
No. 3, p. 164, to other changes which were observed by other writers in the earlier
.period : e.g. the occurrence of Sagitta spp., young fish, phosphates and phyto-
plankton in the English Channel and the varying northern influences on the North
Sea. Very tentatively it was suggested that the increased phytoplankton in the
southern North Sea might be due to increased phosphate supplies arising from the
unusual water movements there (with perhaps some lag period between them, of.
Russell, 1939, p. 184), just as off Plymouth the reverse seems to have occurred.
On such a suggestion the recent decreases might well be due to a decrease in phos-
phate as the “ abnormal ” conditions disappeared, probably with a lag period.

Whilst this possibility will be more fully examined later, it is important to
mention some evidence which offers partial confirmation for the suggestion. Dr.
Carruthers has examined the varying rates of water-flow past the Varne Light-
vessel since 1926, and found fairly strong rates of flow into the North Sea on the
whole up to 1931. Then he found a varying amount of “ hold-up ” or “ reversal ”
(Carruthers5terms) of the flow up to and including 1937 (Carruthers, 1935, and
Min. of Agric. and Fish., Reports on Sea Fisheries for 1935-37). We are greatly
indebted to him for permission to make use of his latest unpublished data. This
shows that after the beginning of 1938 a strong flow to the North Sea again set
in, and persisted with little interruption until the end of these observations in
August, 1939. Such a persistent flow had not been recorded since 1930, and even
before that there had been none of such a steady nature. During these years there
has been, in fact, a cycle (more or less irregular) in the pressure balance between
the North Sea and the English Channel.

The links between these different events are by no means clear as yet, though
the data for the last two years help to carry us a step further. It will be unwise
to look too deeply without the necessary zoological and hydrological evidence, but
it seems fair to point out that if, after a long period when the Channel waters were
deficient in phosphate, they begin to flow again into the Southern North Sea in
(relatively) unusual quantity, then it is not so surprising that the phytoplankton
resulting in that area should be poorer. It will be remembered that whilst some
of the earlier species of 1938 and 1939 were fairly abundant, the greater decreases
were seen in the autumn of 1938 and the later spring and summer of 1939, as if
the available phosphates were being used up, or being swept out of the area. Judging
from the biological evidence it seems possible that the processes in the southern
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North Sea may be returning to conditions not so dissimilar from ones seen in the
earlier years of the survey. Such a return would have important corollaries for
other events in that area, and it is also tempting to wonder if the trends which have
occurred in the English Channel region will soon be directed back towards earlier
conditions. Up to date Russell (1939) has not been able to report any sign of
such a return. On the other hand, the Report of the Scottish Fishery Board for
1938 mentions that “ the sea water conditions . . . would appear to have
become more or less normal after a long period cycle of abnormalities in the
northern North Sea.” The various pointers seem to be directed towards the same
conclusions, and it is greatly to be hoped that the war will not result in the cessation
of all means of recording whereby we might have some knowledge of the contem-
porary changes.

Summary.

1. The present ‘Bulletin’ concerns an extension of the earlier survey of the
southern North Sea with the Continuous Plankton Recorder to include the central
and northern waters. It deals with the changes in composition and distribution
of the diatom plankton month by month from January, 1938, to August, 1939.
Data for the Dinoflagellates and Phaeocystis will appear later.

2. Six extra steamship lines were run monthly : from Hull to Oslo, from Leith
to Hamburg, Copenhagen and Lerwick and from the Pentland Firth to Hamburg
and Bergen. The material and methods are described on pp. 19 to 23.

3. Whilst particular attention is still being paid to the diatoms Rhizosolenia
styliformis and Biddulphia sinensis (pp. 28 and 31), a number of other species have
been examined and illustrated in more detail than before (pp. 23 to 36).

4. Variations occur in time and space which essentially resemble those of the
earlier ‘Bulletin *; they are shown in a series of monthly maps for the different
species (Plates VI-XXXVIII). From them arise further evidence of “ patchi-
ness,” “inter-relationships ” and of water movements.

5. Standing out from these details are certain general tendencies. The
northern diatoms were more abundant in 1939 and the southern ones in 1938. On
the whole the southern crops have decreased since the period 1935-37 (pp. 36 to
42).

6. This apparent decrease in the southern North Sea follows the general
increase suggested to have occurred between 1932-33 and 1935-37. There appears
to have been a cycle of growth in the area, probably in association with certain
hydrological changes to which attention is tentatively drawn (pp. 42 to 45).
Owing to the onset of the war it has been impossible to obtain further records after
August, 1939, and so further stages in this “ cycle ” cannot now be followed out.

References.

Anon. 1939. Ecological Investigations with the Continuous Plankton Recorder : Summary
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EXPLANATION OF PLATES VI to XXXVIII.
PLATE VI

Maps showing the distribution of Paralia sulcata (in line) and Gyrosigma spp. (x) month
y month in 1938 and 1939. The thick line denotes that Paralia was common and the thin one
that it was scarce or absent. The distribution of Paralia and Gyrosigma is referred to on
pp. 23 and 35 respectively.

PLATE VIIL

Showing the sizes (in (j) of the smallest ” cells of Rhizosolenia styliformis recorded for
each block of twenty miles on the normal routes during 1938. Those “ smallest ” cells per
bloc3k which were larger than 40(x are denoted by white figures on black. See discussion on
p. 43.

PLATES VIII-X.

Maps showing the distribution of Rhizosolenia styliformis (p. 28) month by month from
anuary, 1938, to June, 1939. Numerals and symbols are used to denote the varying numbers
per mile in each ten-mile block (for scale see inset on Plate 1X). Where more than one record
has been obtained within any month, they have usually been shown “ in parallel ” (the earlier
one a ove) and bracketed together. Where this has not been possible, one representative
recor has been shown in the usual maimer and the other(s) have been shown in the margin
(as m November, 1938), the symbols | and 111 denoting the first or the third of the series (for
dates see ‘ Bulletin * No. 8).

PLATE XI.

Maps showing the continuation of Rhizosolenia styliformis for July and August, 1939 ;
also the overall distribution of Rhizosolenia calcar-avis (p. 29) and Dactyliosolen spp. (p. 25)
m 1938 ; neither of the latter were recorded in 1939.

PLATES XII-XIV.

Maps showing the distribution of Biddulphia sinensis (p. 31) month by month from
anuary, 1938, to June, 1939, arranged in the same manner as those of R. styliformis (see explana-
tion of Plates VI11-X above).

PLATE XV.

Maps showing the continuation of Biddulphia sinensis for July and August, 1939 ; also
the overall distribution of Biddulphia mobiliensis -f B. granulata (p. 31), Biddulphia rhombus
(p. 31), Bellarochia malleus (p. 34) and Corethron criophilum (p. 25) in 1938 and 1939.
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PLATES XXVI anda XXVII.

Maps showing the distribution of Chaetoceros decipiens (p. 30) month by month from
January, 1938, to August, 1939, arranged in the same manner as those for R. cilata (see explana-
tion to Plates XVI and XV I above).

The inset on Plate XXV Il shows the distribution of Nitzschia seriata (p. 36) during the
periods January to July, 1938, August to December, 1938, and January to August, 1939 (scale,
etc., as above). The Roman numerals denote the months in which the patches occurred.

PLATES XXVIII and XXIX.

Maps showing the distribution of Chaetoceros spp. (s.g. Hyalochaete less Ch. decipiens,
p’30) month by month from January, 1938, to August, 1939, arranged in the same manner
as those for R. alata (see explanation to Plates XVI and XV II above).

The inset on Plate X X 1X shows the overall distribution of Nitzschia closterium (p. 35),
Stephanopyxis turris (p. 25) and Ouinardiafiaccida (p. 25) during 1938 and 1939.

PLATE XXX.

Maps showing the distribution of Asterionellajaponica (p. 34) in 12 selected months during
1938 and 1939, arranged in the same manner as those for R. alata (see explanation to Plates
XVI1 and XVII above).

PLATE XXXI.

Maps showing the distribution of SJceletonema costatum (p. 24) in 12 selected months during
1938 and 1939, arranged in the same manner as those for R. alata except that the scale is slightly
modified as shown (see explanation for Plates XVT and XV I above.)

PLATE XXXII.

Maps showing the distribution of Thalassiothrix Nitzschioides (p. 35) in 12 selected months
during 1938 and 1939, arranged in the same manner as those for R. alata (see explanation for
Plates XVI and XVII above).

PLATE XXXIII.

Maps showing the distribution of Thalassiothrix longissima (p. 35) in 12 selected months
during 1938 and 1939, arranged in the same manner as those for R. alata except that the scale
is modified as shown (see explanation for Plates XVI and XV I ab,ove).

PLATE XXXIV.

Maps showing the distribution of Rhizosolenia Stolterfothii (p. 28) in 12 selected months
during 1938 and 1939, arranged in the same manner as those for R. alata (see explanation
for Plates XVI1 and XV 1l above).



PLATE XXXV.

Maps showing the distribution of Ditylium Brightwelli (p. 34) and Eucampia zoodiacus
(p. 34) in selected months during 1938 and 939,

arranged in the same manner as those
for R. alata (see explanation for Plates XV I and XV II above).

PLATE XXXVI.

Maps showing the distribution of Biddulphia aurita (p. 30) and the “ Naviculoid ” diatoms

(p. 34) in 6 selected months during 1938 and 1939, arranged in the same manner ast hose
for R. alata (see explanation for Plates XV1 and XVl above).

PLATE XXXVII.

Maps showing the distribution of Bwillaria paradoxa (p. 35) and Leptocylindrus danicus
(p. 25) during 6 selected periods in 1938 and 1939 (scale, etc., as in Plate XXXVT). The
Roman numerals denote the months in which the patches occurred.

PLATE XXXVIII.

Maps showing the distribution of Lauderia borealis (p. 24) and the larger Coscinodiscus
spp. (p. 24) during 6 selected periods in 1938 and 1939 (scale, etc., as in Plate XXXVI). The
Roman numerals denote the months in which the patches occurred.

Corrigendum.

As the result of an oversight the data for the Pentland-Bergen record of October 22, 1938,
has been slightly mis-plotted on each occasion on which it has been used.

Instead of being in
the direct line, as in the previous record, the direction was changed during the voyage, the true
route being as in Plate Il of ‘Bulletin *No. 7. For most purposes the error may be re%arded
as a slight one.
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