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PREFACE

At the sittings of the Plankton Section during
the meeting of the International Council in April
1912, the question of future plankton work was
thoroughly discussed, and ile plankton specialists
-present agreed upon' the importance of the quanti-
tative ‘study of -the micro- and nannoplankton ac-
cording to'a method recently proposed by Professor
H. 'H. Gran (Public. de Circonstance No. 62). The

discussion resulted in the following comsiderations -

(Rapp. et Proc. Verb. XIV, p. 94):

“It is urgently desired that guantitative determinalions -

of the Microplankton and Nannoplankton should be car-
ried out on all opportunities when trustworthy results of
general importance can be expected. It is recommended
that the centrifugal method should be applied to samples
taken at different depths.with the waterbottle, As Prof.
Gray has shown in Publication de Circonstance No. 62,
such water samples can be preserved with Flemming's so-
lution for future examination of many of the most impor-
tant species.

It is particularly desirable that the opportumtv should
be taken of the cruises in May 1912 to make the most com-
plete collection possible of material by this method at all
stations and at depths of 0, 5, 10, 20, 30, 40. 50, 60, 80 and
100 meters and greater depths. Prof. Gray has expressed
his willingness, for this occasion, to work out any portion
of the material which cannot be examined by other in-
vestigators”.

According to these considerations thé Couneil
passed the following resolution (ibid. X1V, p. 32):
Resolution 15.

That it is extremely desirable, that quantitative in-
- vestigation should be made of the \Ixcropl.mkton on
the miethod proposed by Prof. Grax ((f Publie. de cir-
eonst. 2).

VORWORT

Wihrend der Zusammerkunft des internationalen
Zentralausschusses im April 1912 wurde in den Sitz-

ungen der Planktonabteilung die Frage der zukinf-

tigen Planktonarbeiten griindlich erdrtert, und die

anwesenden Planktonspezialisten einigten sich .fiber

die Wichtigkeit " qantitativer Untersuchungen des
Micro- und Nanuoplanktons nach der kiirzlich von
Prof. H. H. Grax (Public. de Circonstance No. 62)
vorgeschlagenen Methode. Die Discussion zeitigte die
folgenden Schliisse (Rapp. et Proc. Verb. X1V, p. 95):

»Es ist dringend erwiinscht. quantitative Bestimmungen
iber das Mikroplankton und Nannoplankton bei solchen
Gelegenheiten auszufiihren, wo zuv erlissige Resultate von
allgemeiner Bedeutung zu erwarten sind. Es wird emp-
fohlen die Centrifugenmethode auf Proben, die mit Was.
serschopfer aus verschiedenen Tiefen gewonnen sind, an-
zuwenden. Wie Prof. Grax in Publ de Circonst. No. 62 ge-
zeigt hat, kénnen solche Wasserprohen fir die Untersuch-
ung vieler der wichtigsten Arten mit Flemmings Flissig-
keit fur spitere Bearbeitung konserviert werden.

Es wire besonders zu wiinschen, dass die Gelegenheit
henutzt werde, im Mai 1912 ein moglichst vollstindiges
Material wihrend der Terminfahrten nach dieser Methode
von allen Stationen aus den Tiefen 0, 5, 10, 20, 30, 40, 30,
60, 80 und 100 m bezw. aus grosseren Ticfen zu sammeln.
Prof. Grax erklart sich bereit, bei dieser he]cgenhext die-
jenigen Teile des Materials zu bearbeiten, die nicht von
anderen Forschern untersucht werden konnens.

Auf Grund dieser Schliisse nahm der Lenhalaus-
schuss folgende Resolution an (ibid. XIV, p- 33):

Reseolution 15.

Es ist dringend erwinscht, quantitative Bestim-
mungen {ber das Mikroplankton auszufihren unter
Anwendung des von Prof. Grax benutzten Verfahrens
(cf. Public. de circonst. 62).

—

—
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The investigations alluded to in the abo?e con-
siderations and resolution were carried out in I\1Iay
and June 1912 by Denmark, England, Holland, Nor-
way, Scotland and Sweden, and the material collec-
ted was sent to Prof. Grax {the Scottish material
excepled) for examination. He has now, assisted by
Miss OGILVIE as regards the Scottish material, com-
pleted his task, and the important memoir published
in the following pages i$§ the result of this arduous
work for the accomplishment of which the Inter-
national co-operation of the study of the sea is greatly

indebted to him.

T e R IR L R

Die in obigen Schlissen und Resolutionen angej
fithrten Untersuchungen wurden im Mai und Juni
1912 von dénischer, englischer, hollﬁndische.r, nor-
wegischer, schiottischer und schwedisch.er Sefte aus
ausgefiihrt, und das gesammelte Material mit Aus-

nahme des schotiischen wurde Herrn Prof. GrRaN zur
Untersuchung eingesandt. Dieser unierstiitzt durch
Miss OcILVIE soweit es das schottische Material bfa-
triflt, hat sich jetzt seiner Aufgabe erledigt, u.nd die
in den folgenden Seiten verdffentlichte wichhg.,te A_b-
handlung ist das Resultat seiner grossen Arbeit, far
deren Vollending die internationale Meeresforschung

ihm zu grossem Dank verpflichtet ist.
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THE PLANKTON PRODUCTION
OF THE NORTH EUROPEAN WATERS IN THE SPRING OF 1912

BY

45 O6ILUWE a~d  H H GRaN

T s AL o,

INTRODUCTION

ue International Investigation of the Sea has, from the commencement of the work in 1900—0ft,
included in its programme an examination of the production of the sea by quantitative determinations -

of the plankton at different places and at different seasons.

A method for this examination had already been worked out several years before by HENSEN (1887),

who was also the first to bring forward the question of the production of the sea for syvstematic scientific
investigation. A water column of a certain length and - base is-filtered, a net of fine miller’s gauze with
a certain accurately determined diameler being drawn vertically a certain distance through the water.
The quantity of water actually filtered is equal to the product of the distance and the diameter of opening
plane of the net multiplied by a filtration-coefficient . previously determined by experiment for the net-
model employed.

The samples collected are examined quantitatively, partly by volume- or weight-determinations of
the total amount of plankton obtained, partly by counting the individuals of the different species in
accurately measured parts of the sample. ;

The more important sources of el'ror; of which HeExseN himself was aware from the.beginning,
are 1), the escape of a number of organisms-through the mesh of the net, some species being probably
not caught at all and others not in proportion to the number present, and 2), the inconstancy of the
filtration-coefficient, which is very considerably diminished when the plankton contains an abundance of
slimy algee such as Phaeocystis and certain diatoms, a variation which cannot be accurately determined.

The existence of the first of these sources of error especially has been proved by actual experiment
by Lonwyany (1801, 1902, 1903), who found it considerahly greater than had hitherto been expected. On
the one hand, it was found that a whole series of economically more or less important small forms
(Nanno-plankton) were not caught at all, while, on the other -band, the proportlon even of such large
organisms as Ceratium furca and fusus which passed through the meshes was surprisingly great.

Another objection raised against HExsex's method, in particular by Hagcker (1890), was that the
small samples, taken thus locally with a net, could not be representative of any great part of the sea,
owing to the fact that the character of the plankton may differ from place to place at short intervals.
This objection has, however, been found to be of no practical importance. All later investigations have
proved, that the plankion under equal conditions of life is evenly distributed cver great areas, so that
even quile small samples are sulficieni to give a picture of its character, both as regards quality and
quantity. This particularly applies to the smaller forms, with which it is reasonable to begin the exami-
nalion (cfr. Loryany 1908).

Investigations on the plankton of the sea, according to Hensen’s method, ‘have been carried out

by a series of workers, and have given great and important results. In the course of HENSEN's great
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Atlantic expedition in 1889, it was recorded, lhat the total quantily of plankton in the open sea in thev
; smaller than in temperate waters, such as the North European coastal water. By
in the Mediterranean near Naples
proved,

tropics is considerably . such
investigations- carried on throughout the year in the Baltic (BRA_NDT): i O l
92), in the Karajakfiord in the north-west of Greenland (VANHOFFEN 1897) it hfls reen :
e in the course of the year. The maximum does not

en in the autumn and the spring. The

(ScuiTT 18 non
that the quantity of plankion changes periodically

‘ s but on the contrary, oft
always appear al the warmest season, 3 :
in"cs.tigatli)gns bv KRAEMER on the remarkably poor plankton round the coral reefs must also be mentioned.

. ; - § DTS W inow sories respecting
There was already sufficient material to form a basis for Braxpr’s well known theories p 3

the decided importance of dissolved nulritive substance and especially of the nitroge?-con\.polund: f(::
the production of plankton’ and for furiher investigations as .lo the -occurrence and plly.s%oluglca ac 1;1‘;
of the denitrifying bacteria® and the presence of the soluble mt'rogc.n—, pl.losphorus and snAllca-compoun sl;
These important results were already attained by determinalions, in themselves mo‘re o.r lessnmlfg
nd inaccurate, of the volume of the total quantily of plankto'n. "I-‘he only method of .e.\:ammahon al owmi
of really quantitative analysis of the plankton, viz. determination by actual counting of the'z occurr.ertlcd
; as, on the other hand, of smaller importance, as long as the material consiste
hod. There exists, it is irue, a number ovf obser-
1911); but the results are disproportio-
Moreover, the

of the separate species, W ,
of the sampies caught by net according to Hensen's met
vations, especially from the “National” expedition in 1889 (HEN.SEN . k
nate to the enormous amount of work involved, which occupied a ?ong period of.yeals.. FEOM®
value of the results is lessened by the uncertainty in the determination. of the species, .wlnch 1.1' is impos-
sible to avoid, when, owing to  the extent of the work, it is necessary 1o employ 14mt_ramed as?ls;ants.
The quantitative method of counting as applied to net samples 1.1a5, however, not prevall('z tq any
extent outside the Kiel school. During the International Investigations it hus been employ?d .b) I;P;TEliNv
(1905) for .the material from the German quarterly cruises in the North Sea and th'e I'Saltvlc t}n 1.(') B m)e
Driver (1907) for similar material from the Baltic in 1905, by MER.KLE .(1910) for 1n\eshga’1<?nlsg(:g ¢
Baltic in July—August 1907, by MiELCK (1911) for the North' Sea cruises in Feb.rual:y an(% M..;_\ ey ?:
by ‘Locke (1912) for investigations throughout the year 1910 from the B?l‘k}]m Rifl hghlsl.up in 1eq faﬁ 1;.
In the other countries, apart from the countings of the Copepoda recognizable when slighlly magnified,

een restricted to the roughly estimated occurrence of the different species, accor-

5 B T . b
the determinations have e

dine to CLEvE's method. A large and valuable amouni of material relating to the biology
S O

species has been collected, and dealt with .by a series of authors specially qualified to deal with the

separate groups*.
velopment o :
rcseérchT}\):asdilot, So clearly stated as to warrant the expectation of results prf)portxonate to th o
ork involved by the counting. HENSEN's main object was to examine the whole of .t 1.e
column collectively from the surface to the hottom, or to a depth lnlmt
point of the investigation is to determine the laws governing the pro}ductl'on
development and the whole biology of the most productive
A vertical water column can -never

£ khe investigations along these lines is due to the fact that the object of the
e great

amount of w
plant-producing water
of 200 m. Since, however, the
of plankton by studying the conditions of i L
species, it becomes necessary io carry the analysis a step iuriher. an
Zl;;::c:; :he organisms quite };qual conditions of life, even if water layers do not, as al ’m3§t lpcl:(n:: “\l:dtel;\e
Baltie, the Katlegat, the Skager Rak and the North Sea, apPear'm.]e above ihe other,’an pm‘:h iy m_e
different hydrographical characters. The intensity of the light will at any rale vary so muc

! BranDpT 1899, 1902,
2 Bavr 1901, Grax 1902 a, FErTer 1903.
s RapEN 1904, 1905, 1910 o
. + Resumé des observations sur le p!
hague 191013,

lankion des mers explorés par le copseil pendant les années 1902— 1908 [—1.  Copen-

L 19127 "

depth as to render it absolutely necessary to determine the character of the i)]ank-ton,vquulitatively and
qunhtitatively, at stated depths, where all the conditions of life can be precisely de?ér'nli'ned. :

It was thus already a considerable advance, when PETTERSSON commenced to fix plankton bags
at different depths on rheometer-apparatus, and to compute, from' the velocily of the current, the approxi-
mate quantity of the water mass filtered through each net. Samples thus taken, quantitatively determined
by BrocH, have already given valuable results. Still more important was LoHMANN’s demonstration of the
fact that small water samples taken in water bottles, furnished when centrifugalised, a sufficiently exact
determination of the quantity of plankton for a whole series of species. In his important work on the
yearly periodicity of the plankton at Laboe, niear Kiel (1908), Loumann has carefully worked out this method
and used it for a series of exceedingly. valuable determinations on the fluctuations of the separate species
and the éggregate amount of plankton. taken in the course of a year. He also furnishes, on the basis of
some accurale observations at certain depths, calculation of the mean values for the whole of the water
column from the surface to the bottom. The value of these calculations rests chiefly on the fact, that the
results can be compared with the results of the investigations by means of vertical hauls. For our pur-
pose, however, i. e.. analysis of the occurrence and conditions of life of the most important species, such
calculations and comparison are of no great value, and Loumann himself has also in his later works

come to the conclusion, that ,Wollen wir hier eine exakte Analyse der Plankiontieren und ihrer Existenz- =

bedingungen haben, so miissen wir also unbedingt auf die Abfischung vertikaler Wassersiulen von solcher
Lange, dass verschiedene hydrographische Zonen durchschnitten werden, verzichten, und werden nur dann
sicher gehen konnen, wenn wir jeden Fang einer ganz bestimmten Wasserschicht entnehmen, ¢die zugleich
hydrographisch untersucht wird“ ™.

HenseEN (1912) and BranpT, however, insist that the whole of the water column should be exa-

- mined, and recommend for this purpose the employment of a rubber tube, immersed in a vertical posi-

tion at a certain depth and thereafter emptied into a reservoir on deck, so that one can get an evenly
mixed sample of water from all depths between the surface and the lower end of the tube. This would,
in my opinion, only retard the progress of the investigations, the average of the total amount of orga-
nisms in the water column bcing far less valuable than precise information in a single instance as to the
conditions at a certain depth. On the other hand, given a series of observations from different depths, it
is possible from these to form an opinion as to the extent to which averages for the occurrence within
a cerfain water layer can be profitably calculated. The investigations described in the following pages
furnish illustrations both of great vertical variations in the character of the plankton even at very short
distances, and of cases where it is so equally distributed throughout the whole the water mass, that a
calculation of average values may be perfectly justifiable. )

Lonmaxy’s cenlrifugal investigations near Laboe were based exclusively on li{'ing material in fresh
samples. The same applies to my own investigations on the Atlantic expedition with the *“‘Michael Sars”,
where the plankton was often so poor, that water samples of 300 cc were necessary in order ‘o obtain
values representative of the guantity of the plankton (Murray and Hiomr, 1912, p. 362). The same method
was also employed by Lonmany in his important and valuable investigations in the Atlantic on board the
“Deutschland” in 1911 (Louvany 1912 a, b). We had here the advantage of being able to determine a
series of species, which it is difficult to preserve in a recognizable state, and out in the open sea these
forms play a particularly prominent part in the plankton. The method, however, had this serious disad-
vantage, that it was only possible to examine a relatively small number of samples from each station.
A more perfect method would be to get a closer series of observations frgm the surface downwards, from
which curves might be drawn showing the vertical occurrence of the separate species, enabling us pos-

! LouMaNy 1912 b, p. 192,

M A s
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H AR gradu.a]]y to acquire data for the study of their dependence on various conditions sucl Ii
temperature, salinity and the occurence of nulritive matter. such as light,

This could r S V
. tot be done unless som nieans wer found t p he waler samples for later '
d e € 0 reserve the &

examination. Such a means, thorougly satisfactory for many forms, I have found in FLEMMING i
stronger so\lution), added to the waler samples immediately after ﬂ.xey are taken, in the EJML\?'S ﬂ‘“f‘ -
{Gran 1912). An experiment with water samples collected according to this metl’md i tl;r()l‘)\")l t.w“ (')t ' :‘20
during May 1911 (“Michael Sars”) and in the Skager Rak in May 1911 and Februarrv1 1‘::2A ‘]’”"Eg"m "
tesy oﬁ. Professor O. PETTERSSON), was successful: At the meeiir;g.of the Internalioniil C ("y ‘me el
hagen it was thereafter decided, that in May—June 1912 samples- should be collected O““C"l' iy COPC’."
method throughout the whole of the International area, and a sum for assistance in d _accofd”’g . u'“s
malerial was placed at my disposal. T
. The collection was salisfactorily carried out, save for the fact that observations fr the G
are.a in the south-eastern corner-of the North Sea are unfortunalely lacking. The a'l)sencleomf ”“:) i
vatlon.s (%an .only partly be made up for by using for colel)ari50;1 APSTEIN’s (1903) and ‘\(; ]*LS’c‘ Ul:ser.
quantitative investigations from this area in May. 1903 and 1906. ‘ i aha
D.uring these in\'gstigations I have been "assisted by Miss CAROLINE LEEGAARD, who 1oget} i
Ime edx;l:?methhe I_]I)anish. Swedish, English, Dutch and Norwegian material, and a por’tion of ?;Lel ::)t\l‘x:;fl
n addition, Miss HELEN S. QciLvig, of Dundee, has i /  WOF. o
Scottish material, dealt with by h'er, in a specia’l cllzlp‘ll:afe\l\):?hdE:]cﬁ(izm?)::)l::g(:Z;)lgsle iy

In the ¢ ¢ investigati v i i
o 1}1:0:::;3},:;th]etsjslﬁz)es(:;gi;l:tns we obtaf.ned our first jmpressions of the advantages and re-
" il g - p the following account will demonstrate how the method may
e of ser'\lce in throwing light upon various conditions not previously open to a scientific examinati 4
or of which but vague conceptions could be formed. In such cases as at the Danish slalion D‘;m;;il'()m'n,
t,hf- Katteg'at, the hyflrogmphical conditions varying greatly with the depily, and the h)l'd‘rogrnphic.al o;)solrx-]
;;':):zn:eri;elingdexcepllonafly comple.te, .t}'le quantitative determination of the plankton in the wafer samples
: ain ‘e;?ths may, for convincing clearness, almost be compared to a biological titration. In other
La'ses the conditions are less evident, but even where . no decisive coﬁclusions can he formed l; esults
still furnish suggestions for further investigations. = i
S b'gi;emze:t:[itil‘(')eiza:f tl::] ;ne:xlod’ are also distinctly evident. It is not, and cannol more than any
o i S ime 0..l 1 ]arg"er anq all ‘rarer ff)rms_are 'excluded from examination, particu-.
e cover_,,]as'ss _soorlc:l, that it becomes nnpos&b]e to collect the contents of the largger water
s e netb S‘m.’ : n the f)t}:]er hand, we find, in a .Wf}“ preserved slate, a serics of smaller
S ciliatefmfﬁ:s .areMext ef‘ .not caught or uo.t .snhsiactorily preserved, such as the Labora-
Dinephgstnspocies - The melhOdor‘la, N eﬁ)djmum, the Gymnodinium-species, Prorocentrum and the smallest
o A g 1s, however, less fit for the trpe Nanno-plankton; even ‘the Exuaviaella-
R Y clude observation and the small Flagellata are, no doubt, generally passed over in the ex-
P |heu:,l:1r;f0::e ;::;I:::’ unl;zlssfvtfry high magnifving po\\'.ers are used. These arc, however, less suitable
. ks p(;“‘t ;n i w“sma mms‘hke. the aha\'e-fneutlon'cd do not, at least as u rule, play such an
- c*aminaﬁon iy the;;)rﬁ ‘as t'o make it worth while to spend four times the amount of time over
y restrict the scope of the whole work'. For the present, at any rale, our aim
! The counting .is generally carried out with Zl':xss’svachromatic lens C., giving a field of view of somewhat more than

0.8 mm. The tectoslide A
Yic lens . 1 ’12):;;1 :llll:ud‘)lsed as a count‘lng_l)]ate., hias diagonal lines at intervals of 0.4 mm. In more difficult cases the acltvoma-
» iameter of the field of view being then rather more than the distance between two lines (0.4 mmj),
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is to get a general view. And, with this object now before us, the important point is not first of all to
Jearn the total sum of -all the organisms -in our water samples, but to follow from sample to sample the
quantitative variations of a series of accurately determined species, which ill11$trate the laws for the pro-
duction and destruction of organic substance in the ocean. We therefore choose as many as'possible of
such spécies which are found; be it in few or many of the samples, in sufficient numbers to furnish
adequate material for a relinble determination. Those species, on the other hand, which always occur
sparsely, are of less importance to us. It is in the determination of the common species that the value
of the investigations rests. This docs not, however, prevent our reporting everything observed, even such
forms as we are for the present unabie to determine. We have found it right to do so, since we ma_;,'
safely conclude that observations now ‘considered unimportant may turn out to be of more value later on.

In the tables containing the resuits of our observations, all records are given in numbers of indi-
viduals (cells) pr. litre.. Below the hydrographical data in each column is given -the guantity of each
water sample examined, thus enabling the reader to judge to what extent the figures can be considered
reliable. Where two values are given, as for instance 30 (10), this indicates that a few species which occur
very abundantly have been enumerated in a sample of 10 ce, while all the others have been enumerated
in a Sample of 50 cc. Generally samples of 50 cc, but sometimes of 100 cc, are used, an’extra determina-
tion of 50 cc being usually made in the case of the Ceralium-species, and added to the ﬁ'rst, so that the
water sample in question may be stated as 100 cc. !

According to Hensen, the investigation ought at any rate to be so far exact as to render the number

observed at least the square root of the number reported in the table.

For 100 cc examined, with a multiplication factor of 10, the corresponding minimum value will thus be 100
- 50 - - == — 20 = — = 400
- 10 - - = — — 100 — - — 16000

Many of the figures in the tables do not fulfil these conditions. They give, however, at any rate,
some information, and can somelimes also be used for calculating mean values which are serviceable,
even if the separate figures arve not. They can especially serve as a basis on which to calculate the average
occurrence in regard to depth of relatively rare species, as has frequently been attempted in the following
pages. Where the hydrographical conditions are more or less conslant, such a calculation may be of some
value, at any rate as a preliminary.

-The following description has bheen arranged thus:

I. Special part.
1. ‘The Danish, Swedish, Dutch, English and Norwegian Investigations. By H. H. Gran.
2. The Scoltish Investigations. By HELEN S. OGILVIE. -

II. General part. By H. H. Gran. i .
] 1. Remarks on the separate species.
2. On the general conditions of life of the plankton production.
A. The varialion of the quantity of plankton according to the depth.
B. Horizontal quantitative variations in the plankton.
C. Seasonal variation in the quantity of plankton.
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limit is not situated at a

o el o 1912 — S

obvious result in the vertical distrihfﬁ%on, we almost invariably find an abrupt transition at certain depths
between the rich plankton of the surfake layers and the lower water masses with poorer vegetation. This
uniform depth ‘(hroughout. At the stalions N5, 6,78, 11, 12, 13, 14, 15 and 17 it

lies between 30 and 50 m, at N4 and N 16\ between 50 and 75m, at N,ffﬁ between 75 and 100m, and at

N7 between 150 and 200 m. \

This limit corresponds in all cases to
a degree in temperature, while the water layer above is relatively homogencous, apart from the fact that

. T . e Z Fast . :

several stations exhibit varying conditions at the aefual sutface. The algee-bearing waler layer above these

o n Q 9 g g % & , e . B

limits is also in biological respects remarkably homdgeneous. The variations in the quantity of plankton
- q 9 q . A

are at any rate far from being so regular as to suggesty that they are determined by the decrease in in-

\‘:i\,,hydrographical liniit, indicated by a fall of at least half

tensity of the light occasioned by the increasin/g/deplh. ‘Fhe maximum lies, however, almost everywhere
‘below 1he surface. We are thus forced to corclude that a considerable vertical mixture has taken place,

either of the whole water layer or at an\;/f/ate of the diator\ﬁs\?\ by vertical movements within the water

.,{{Vore particularly in the‘chapter on vertical distribution.

layer. These questions will be treated,
F A 8.0 ] q
The great variations in the jfosition of the depth limit, ory, in other words, in the volume of the

alge-bearing surface layver, may perhaps be most correctly explain\egi as due fo the fact that this layer,

normally appearing to be a Ijh’ie more than 30 m deep, may sometithes extend to greater depths, owing

to hydrographicat condili(yﬁ:: A point which immediately suggesis itsélf in this connection is the occur-
rence of the submarine Aeaves first observed by HeiLaxp-Hansen! in this very water, and also found by
LEA on the same voyige during which the plankton samples here dealt with were collected.

i

2. THE SCOTTISH INVESTIGATIONS

BY

HELEN S. OGILVIE, m. 4, B. sc.
S—

During May and the early part of June 1912, an extensive collection of plankton samples was
made by the Scottish “Goldseeker” off the east and north coasts of Scotland and in the Faeroe-Shetland
Channel. The material thus obtained may convenienily be dealt-with in four sections according to the
Jocality in which it was collected: '

1 Faeroe-Shetland Channel, Southern Section.

11 — — , Northern - —
III North Seca, Northern Section. Q
v == , Southern  —

extend from the south-west of the Shetland Islands to the south-east
of the Shetlands to the east of the Faeroes respectively. The third
in Lat. 611/s° N, between Long. 2° W. and 4° E. reaching very nearly

The first and second sections
of the Faerces and from the north
section comprises a line of stations

1 Heptano-Haxsex and Nansen 1909, p. 87.
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to the I.\Jorw.egmn coast. "The fourth heading comprises three”sections, one between the Moray Firth and
the. Utsire Ll.ghl on the coast of Norway, another between that point-and the east of the Shétland Islands
while the third extends from there southwards to meet the first opposile Kinnaird Head ’

' . Faeroe-Shetland Charninel — Southern Section.
. - Table VIIIL.
e ’.I‘he' plankton of ‘this section, and of the Northern section as well, exhibits great irregularity'in
its distribution, both véi:{l\f:al]y and horizontally. The most abundant plankton is fouhd at station Sc. 17
that nearest the I*aerogs ahd at station Sc.19a the next but one to it, but at neithér of these stations are’

N
Faeroe-Shetland Channel — Southern Sectién.
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These observations agree in the main with the results of previous investigations. According to the
lables given for May and June in the “Bulletins” Chactoceras debile occurs frequently at all stations in the
Channel excepl Sc..19b, Sc. 19a and Sc. 15b, and is usually given as “cc”. In 1912 it presented a similar
occurrence. The records for the three other species of Chactoceras which occurred plentifully in 1912 are
somewhatl incomplete. Chaetoceras compressum, which in 1912 was abundant at the Faeroe side and was
also present in considerable numbers at the Shetlands, -does not seem to be so regular a constituent of
the plankion of this region as Ch. debile, as, betwéen 1908 and 1910, only two records ¢’y are given,
which occurred in 1904 at stalions Sc. 16 and Sc.17 near the Faeroes. In May 1910 Ch. laciniosum was
present (“ce”) at stations Sc. 13a and Sc. 14a, and was also. found (“c”) at Sc.20a in 1908, but for further
‘records of ils occurrence we have to go back to 1903 when it was agéin found abundantly at the same
slations and also at Sc. 19h. At the same time there are no records of this species from the more westerly
stations and this agrees with the results of 1912,

The i)revious records of Ch. consiriclum which occurs
with fair regularity from 1903 to 1908 are, with

| .the exception of one record (“c”) al Sc. 19a,. confined o
stalions Sc. 12, Sc. 13a, Sc. 14, Sc. 21 and Sec. 20a, all on ihe Shetland side. In May 1912 on the contrary

it was only present at slations Sec. 16 and Sc. 17, close o the Faeroes. A more complete series of obser-
vations would throw further light on these points.

_lIl. North Sea — Northern Section.

Table X1,

This section lies approximalely across the entrance from the North Sea to lhe Norwegian Sea, and
comprises eight stations, the two most westerly of which lie directly 1o the north of the eastern end of
the Northern-Section of the Faeroc-Shetland Channel. The four easlern siations are situated within short
distances of one another, the most westerly of ithe group lying about 120 miles from the Norwegian coast.

In hydrographicai respects the conditions at the four westerly stations are very similar to those
found in the Faeroe-Shetland Chaunnel. From the records of salinily and temperature, it is evident that
the Atlantic streanmi in its northward course, after leaving the Channel, crosses that part of the section in
which stations Sc. 11 and Sc. 10 are situated, and. the waler at station Sc.1la and at station Sc.9, the sta-
tions on either side of those, is still so saline that it must have originated in large measure in the Al-
lantic stream also. The influence of the less saline water from the Norwegian coast is lirst.seen al station
Sc.9 and there only at the actual surface. To the east of this, however, an abrupt decrease in the salinity
of the surface layers takes place, the surface reading at station Sc.9 being 35.07 %/o0 while that at Sc.8 is
only 33.10 %e: The lowest surface record of salinity, viz. 32.79 %w occurs at Sc.8b, the record at Sc. 8c,
which is situated nearer the coast, being 33.04 %0. That this fresher water only floods the surface while
the salt Atlantic water persists below it and extends to the botlom is shown by the fact that at all these
stations the éali_nity increases with great regularity to an average record of 35.08 %w at the bottom, the
greatesi increase laking place in all cases between 20 m. and 50 m. At station Sc.1la, the most westerly
of the section, and the only station at which sufficient depth is attained, the deeper regions are filled, as
in the Channel, with Norwegian-Sea boltom water, the surface limit of which is reached at 300 m.

Returning to the westerly group ol stations we find at Sc.1la a dialom-flora -which, except for
the large quantities of Nitzschia delicalissima present to a depth of 30 m., is remarkably poor. Of other
species Chaetoceras laciniosum and Ch. conforfum may be mentioned though occurring in small numbers,
as these are among the species found plentifully in the neighbourhood of the Shetlands. Peridiniales are

! By HELEN S. OGILVIE.
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themselves as they were borne onwards by the stream. Moreover, the salinity at this station is still so
high as to indicate that the Atlantic water has only been slightly influenced by the fresher water from
the eastward.

The four stations (viz. Sc. 8, Sc. 8a,” Sc.8b and Sec. 8¢) which form the next group are so similar
that thev may be treated together. The salinity is in all eases low (cf. p. 44), but increases towards the
bottom, and the temperature also is considerably lower than at the preceding stations, ihe average record

at the surface for the four stations being 7°.5 compared with 8°.9 for the western group. The most striking
fealure of the plankton is the almost complete absence of diatoms. Only a few scattered individuals are
found and at two of the stations the total number of diatom-cells collected from all depths only amounts
to- 160 per 1. The Peridiniales on the contrary are strongly developed, - particularly the Ceratia, but are
found almost exclusively at and above 30 m. Within these limils their distribution is regular- at least to
a depth of 20m. They are most plentiful at stations Sc.8 and Sc.8a, the most westerly of the stations
and Ceratium longipes is in all cases the most abundant species. Prolozoa are on the wh‘ole scarce at theS(,e
stations with the exception of Sc. 8¢, the station nearest the coast, and this fact may be correlated with
the comparatively low temperatures obtaining. The predominance of Peridiniales is Vcharacteristic of the
Norwegian coastal water and will be referred to again when the Norwegian stations to.the north of this
section are dealt with. e e

It is thus evident that the stations of this section fall nalurally into two groups, a western group
comprising stations Sc.11a—9, in the plankton of which diatoms play the most important part and the
stations of which resemble in biological respects those of the Faeroe-Shetland Channel, and an eastern
group comprising stations S¢.8—8c, in the plankton of which Peridiniales and pariicularly the Ceratium
spp. are predominant, and which lie within the range of the Norwegian coastal water. In this particular
section, the transition from the predominantly Atlantic water of the western part, 1o the shore water of

“low salinity with which the eastern part of the section is flooded, is exceedingly well marked, the boun-

dary line between the two walers, each with its characteristic plankton being found between stations Sc. 9
and Sc. 8, that is considerably to the east of the centre of the section.

IV. North Sea — Southern Section.
’ " Tabte XI.

~ Three sections are included in this division, the first reaching from the Moray Firth to Ulsire on
the coast of Norway. Along this line, during the course of the cruise carried out in i\lav 1912, collections
were made at ten stations situated at fairly regular intervals. The second section e.\:teud; from Utsire 'in a
north-westerly direction to the Shetland Islands, and the third from there southwards to a point somewhat
to the south of the line of the first, which it cuts in the neighbourhood of station Sc.32. This section
comprises six stations, while the second, excluding the two_terminal stations which may be taken as be-
longing to the first and third sections, comprises five. ‘

The hydrographical conditions may be briefly summarised as follows. Within ihe Moray Firth
the waler is, as might be expecled, comparatively fresh. At stalion Sc.28, the station nearest the shore
the salinity recorded at the surface is 34.38 vjoo, A gradual but regular increase is observed to the ea‘stj
ward until statien Sc.36 is reached, where the surface record is 35.17 ¢jno. The high salinity of the central
region of the section at ihis season is due to the presence of Atlantic water derived from the off-shoots
of the Atlantic stream in its passage through the Faeroe-Shetland Channel which flows into the North Sea

T Station Sc. 28, 84, 38,‘38 b, 38¢c, 38e, 38 g and 381 by Caroline Leegaard, the rest by Helen S. Ogilvie.
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round the north and south-of the Shetland Islands. These off-shoots usually unite before reaching the line
of the section, their greatest influence being observed in the neighbourhood of station Sc. 36. At this time,
however (May 1912), the salinity is found to be equally high, indeed slightly higher, at station” Sc. 38b,
while at the two interjacent stations Se.38 and Sc. 38a it is comparatively low. This would appear.to in-
dicate that the northern branch has assumed a-more easterly direction than usual and that its influence
is still apparent in the section as far to the east as. Sc. 38b. .

At the two remaining stations of the section the conditions are aitogether different. There, as was
found to be the case with the most easterly stations of the Northern Section, the surface layers consist of
water of low salinity originating from the Norwegian coast. The salinity increases downwards, however,
the water of the deeper layers being similar to that found at all depths at the more westerly stations.
Following the line of the second section from this point westwards, we find that the coastal water is again
str.ongly in evidence at station Sc.38e, but considerably less so at the two next stations Se. 38f and Sc. 38g.
In this section, then, the.transition from the coastal water of the eastern part to the Atlantic water of the
western is much more gradual than in the first. The next station, Sc. 38h, however, exhibits strong At-
jantic influence, the surface record being 35.08 %o, while at Sec. 88i the salinity is the highest recorded at
any point in the three sections, and is due.to the influence of the more_' northerly branch of the Atlantic
stream already referred to, which probably also accounts for the records at station Sc. 5a, the first station

of the third section, which are equally high except from the surface to 20m. -

At the two following stations the salinity falls somewhat, bul is again found to.be high at station -

Sec. 3, which is evidently sitnated within -the range of the pranch which flows round the south of the
Shetlands. Still further south, at stations Sc.2 and Sc.26, the influence of ‘the Scottish coastal water again
makes " itself felt, and the salinity is consequently on the decrease. It may be noted, however, that the
records from this region are by no means s0 low as those from the vicinity of the Norwegian coast, there
being a difference of 1.3 vjoo between the lowest readings in the two -cases.

The range- of temperature recorded is on the whole slight. At the stations of the first section,
from Sc.28 to Sc.38b, as well as at Se.38i and all the stations of the third section; the temperature is
highest at the surface and with few exceptions falls gradually and more or less regularly to the bottom.

* At the remaining stations, which are influenced by the Norwegian coastal water, the surface temperatures

are much lower than at the other stations. A decrease usually takes place from the surface to a depth
of about.50 m., when the temperature again rises rather quickly, the surface limit of the underlying At-
jantic water being reached at ahout this depth.

With regard to the biological features of the sections, station Sc. 28, the most westerly of the sta-
tions, is sitnated within the Moray Firth not far from the shore. The depth recorded is-only 20 m. The
diatom-plankton is poor, Thalassiosira gravida being the only abundant species. There is, however, rather
a strong development' of such small Peridiniales as Exuviaella baltica, Gymnodinium Lohmanni, G: si). and
Dinophysis acuminata. Among the Protozoa, t0o, the small species of Laboea, Mesodinium and Tinlinnopsis
beroidea are fairly abundant.

The next two stations present an increasingly plentiful diatom-tlora, which at station Sc.32, the
more easterly of the two, may be described as very abundant. The outstanding feature is the predomin-
ance of Thalassiosira gravida, which occurs here in very large numbers, accompanied at station Sc. 32 by
almost equal numbers of Th. Nordenskisldii’. Some species of Chaetoceras are also plentiful, especially
Ch, debile and Ch. decipiens, and at station Sc. 30 Ch. compressum. Other species, all fairly abundant, are
Leptocylindrus danicus, Sceletonema costatum.’ Nitzschia delicatissima, Rhizosolenia fragilissima and Rh. semis-

1 ] am not quite certain as to the relative numbers of Th. gravida and’ Th. Nordenskioldii at this stati().u. There is, how-

ever, no doubt that the diatoms enumerated belong to one or other of these species,
6*
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pina and Thalassiothrixz nitzschioides. Paralia sulcata is rather plentiful to the surface al both stations.
Peridiniales on the other hand are on ihe decrease compared witlr station Sc.28, but Gymnodiniun Loh-
manni, and G. sp. are still abundant, while Profozoa are scarce with the exception of the small species

of Laboea.

At the next slation, Sc. 34, the plankion is much poorer in quaniity. Thalassiosira gravida is pre-
sent, but no longer in great numbers. Of Peridiniales, Exnviaella balfica is abundant, but all others are
scarce, and the records of Protozoa are very scanty.

Station Sc. 36 is one of those at which, according to the salinity records, the influence of the At-
lantic water is strongly marked. The plankton also differs somewhat in character from that of the pre-
ceding stations and is mueh more plentiful than at station Sc.34. The dowminant diatom-species is here
Nitzschia delicatissima along with which there are found relatively large numbers of N. Closierium. Rhizo-
solenia semispina is also abundant and Rh. fragilissima and Rh. faerocensis are present in considerable num-
bers. Other species occurring rather abundantly are Lauderia borealis, Thalassiosira gravida, but in much
smaller numbers than at slations Se.30 and Sc. 82, Chaetoceras debile and Ch. decipiens. Among the Peri-
diniales, Gymnodinium Lohinanni is the most plenliful, but various species of Ceralimmm and Peridinium
are present though not in‘large numbers. In the surface collections the species of Luboea are very abun-
dant, otherwise Protozoa are scarce.

At 1he next two stations, which are very similar in hydrographical respeets, the salinity again
shows a considerable decrease. The diatom-plankton of the one, however, differs distinctly from that of
the other. At station Se.30a, where ihe species present are few, these are mostly rich in individuals, while
at Sc.38a the number of species recorded is much greater, but the total number of cells present is con-
siderably less. The plankton of station Sc. 38 is dominated by Chaeloceras debile, which occurs in large
numbers to a depth of 30 m. Nitzschia seriata is also abundant and to a less degree Rhizosolenia semispina
and Leptocylindrus danicus.. Al station Sc.38a, on the other hand, Chaeloceras debile, though still abundant,
is exceeded in amount by Nifzschia delicatissima, along with which considerable numbers of both N. seriala
and N. Closterium are found. Rhizosolenia semispina is again rather plentiful, as is also Thalassiosira gra-
vida which is quite absent at station Sc.38. At both stations Peridiniales and Protozoa are scarce, except
for a slight development of the species of Laboea at station Sc. 38.

Al station Sc.38b the high. salinity again indicates strong Aflantic influence. The plankton is here
very abundant. Diatoms are plentiful, both as regards species and individuals, Thalassiosira gravida being
once more the dominant species, while Chaetoceras debile also occurs in great numbers. Other abundant
species are Leptocylindrus danicus, Rhizosolenia semispina and Nitzschia seriala, which is here more plentiful
than N. delicatissima. Peridiniales are:remarkable for the large number of speciesnpresenl, the most abun-
dant being the small forms such as Gymnodinium Lohmanni, G. sp., Ezuviaella sp. and Glenodinium sp.,
though Ceratia and Peridinia are also represented. . Among Prolozoa the small species of Laboea and Me-
sodinium are very abundant. '

The plankton of the two following stations is altogether different in character, a fact doubtless
correlated with the presence of Norwegian coastal water in the upper lavers. This water, the influence of
which is very marked to a depth of 30 m., is remarkably poor in diatoms, only two specics, l,epic;cylindrus
danicus and Rhizosolenia faeroeensis being recorded {rom i, the former occurring, however, very abundantly.
Below this depth the salinity gradually increases to the bottom, where ke record is aboul the average for
the preceding stations. In this water other species of diatoms occur, bul all in quile small numbers. At
station Sc. 38d the conditions are very similar, Leptocylindrus danicas being again very abundant to 30 m.
and other -s_p.e.cies'bei‘ng very scarce. Among the Peridiniales, the Ceralia, as is characieristic of this water,
are well developed, the most abundant species being C. longipes, as are also I)inophys;s acuminata and D.

e O PN

411912 2
;o © . ’

norvegica, and at station Sc. 38d Diplopsalis lenticula. These organisms occur for the mos! part only in the
surface water to a depth of 20 m., while the small forms such as Gymnodiniuni IJOIunbnﬁi, Ei‘uuiuel!a‘ sp.,
etc., found at the preceding stations, are here confined mostly to the deeper layers, further evidence_thaf
it is the same water as was found at the stations further west which persists here under the fresher sur-
face layers. . Prolozoa are mot very abundant, but are rather more so at station Sc. 38d than at Sc. 386,
Laboea conica, L. sp. and Mesodinium being the most plentiful.- :

Station Sc. 38e, situated to the north-west of the last, may be considered as the first station of the
second section, the stations of which will be dealt wilh in order from east to ‘west. The. hydrographical
conditions are similar to those at station Se. 38c and Sc. 38d and the transition from the fresher coastal
water to the more saline lower layers is here particularly well marked, there being a ditference of 1.53 %00
between the salinity records at 30 m. and at 50 m. Diatoms, including Leptocylindrus danicus, are ‘parti-
cularly scarce, but even from the small records at our disposal, it is evident that two distinct floras are
present, which occur above and below 50 m. réspectively. The Ceratia are aguin well represented, but are
confined to the surface .waters, and other Peridiniales are only present in small numbers.. Protozon, too,

are not abundant.
The two following stations exhibit no remarkable features. The salinity gradually rises as we pass
westwards, Diatoms.are very scarce, in fact nearly absent at station Sc.38g the more westerly of the two.

‘Ceratia are still fairly numerous, especiaily at the second of -the stationis, but the records obtaired of

other Peridiniales and of Prolozoa are scanty.

-At station Sc.38h the influence of the continental coastal water has aimost disappeared, the sur-
face record for salinity being 35.08%w. The character of the plankton has again undergone a change.
Here we have a fairly abundant diatom-flora, rather rich in species, but somewhat poor in individuals.
Thalassiosira gravida, Nitzschia delicatissima, Chaetoceras densum and Ch. debile are the most abundant
species. Leplocylindrus danicus, Rhizosoleniu semispina, and Rh. fragilissima are present but not plentiful.
Peridiniales are [airly numerous, still chiefly represented by Ceratia, though these are not so abundant as
at some of the stations previously dealt with. Profozoa are rather plentiful, consisting for the most part
of Laboea conica and Mesodinium.

At the next station, Sc.38i, where the maximum salinity for the section is recorded, diatoms are
rather abundant, but by no meuns so numerous as they were found to be at the stations where the highest
salinities are recorded in the more southerly section. Rhizosolenia faeroeensis is the most abundant species,
and along with it are found Rh. fragilissima and Rh. semispina. In addition Chaelocergs densum, Ch. debile
and Thalassiosira bioculata are rather bientiful. The species of Peridiniales which occur are many but the
individuals are few. Ceratia are still present, but now only in small numbers.. Profozoa are on the whole
scarce, Mesodinium being the only species at all abundant. R

Station Sc.5a is the turning poinl from which-the third section extends southwards. The salinity
is high, but less so near the surface and the planklon of all kinds is conspicuously poor. Diatoms are
wmost abundant al the boltom, and there a conmsiderable proportion of the whole number consists of
Paralia sulcata. Both Peridiniales and Profozou are very scarce, more so indeed than at any other point
in the three sections.

The didtom-floras found at the three following stations are remarkably similar. Practica]l_\" the
same species are present in each and the numerical variations from station to station are slight. The
only species which occars at all abundantly is Rhizosolenia faeroeensis, and it is most numerous at station
Sc.5. A cousiderable development of Peridiniales and parlicularly of Ceratia occurs al station Sc.4 and

Sc. 3, the two following siations, bul at station Sc. 5 these organisms are almost entirvely. absent. The
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Diagram showing the distribution of the most abundant plankton-species at cerfain stations in the
northern part of the North Sea in May and June 1912 )
Diatoms are mentioned when an average of over 2000 per litre occurs at depths of from 0 m. to 50 m.

Peridiniales and Protozoa are mentioned when an average of over 200 per litre occurs at de!)ths of from 0 m. to 30 m.

The organisms are noted in each case in order of frequency of occurrence.

List of Abbreviations.

D. -= Distunis. : "Fhal. Nord. == Thalassiosira Nordenskisldii. Gym. Loh = Gymnodinium l]?ehxl\;.smnl
b, — 1 v
}’z = lpi(r)(‘%;ry;ﬂes. Cer. (C) lnng = Ceratium Jongipes, I’er Cer = Pemhnlum Cerasus.
T ) = tripos.
Gl huo!:tcms compxessum in. ac !nn))]l\hl\ acusinata. Gyt d(-nl == Cyttarocylis denh:l:]cum
debile. norvegica. = norvegica
sm]opendr: lis ienticulg. Lab. con Laboea N:n;:‘-ws
1 oplur\lmdrus danicus, 1clla haltien, - ospp- d uhSJInL1
e entiestma. Gl flcno(hnlum \pti‘k\-a }’1‘1\\3:}"]))0; }(:nllmnopsn Leroidea.
= ser. - (.Jellc ssima. (:n(;:l sg;n = Gonyaulax spiniferza. Inf. indel. — Infusoria indelerminata,
Thal. grav, = Thalasstosira gravida.
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sameé applies to the species of Laboea and lo Mesodinium, which are found at statwn Sc 4.and Sec. 3 in
great numbers. 5 .

At the two remaining stations, where the salinity has fallen somewhat owing to the mﬂuence of
the fresher water from the Moray Firth, diatoms are very poorly represented; at station Se. 26 indeed
they are entircly absent above 50 m. and the highest records arc those of Paralia sulcata. Peridiniales are
very scarce at’ both stations. At station Sc.2 Profozoa, chiefly the small Laboea-spp., are remarkably
abundant, but at station Sc.26 tliey are present only in small numbers.

Considered generally, the plankton of this group of stations consists of two kinds, one in which
diatoms pledommate and in which numbers of small.forms of Peridiniales are also to be found, and an-
other characterised by the pressence of the larger Peridiniales, chiefly the Ceratia. The first is exemplified
with a few exceptions by the staiions of the first section from the Moray Firth to station Sc.38b, and it
is at certain of these stations that the plankton is found to be most richly developed. The second is met
with typically at the two most easterly stations of the same section and along the line of the second

. section from station .Sc. 38¢ to Sc. 38h. Beyond this a further change occurs and the plankton at station

Sc. 38i again resembles that of the western stations of the first section. The plankton of the third section
is throughout so poor that it is difficult to characterise it. Diatoms are at all stations very scarce, but in
the central part of the section, the Ceratia are again fairly numerous and the more southerly stations
show a rich development of the small species of Laboea. :

Some curious points with regard to the distribution of certain species of diatoms, especially along
the line of the first section, may also be noted. Thalassiosira gravida is, as has been observed on previous
occasions, very plentiful in the vicinity of the Moray Firth. At this particular season it is found in in-
creasing numbers at stations Sc.28, Sc.30 and Sc. 32, with a distinct maximum at the last mentioned
station. Thereafter a sudden falling-off takes place until at station Sc.38 it is not recorded at all. It
reappears at the next station and at the next, Sc.38b, it occurs again. in large numbers, but throughout
the remainder of the sections the records of this species are quite inconsiderable.. The occurrence in large
numbers of Leptocylindrus danicus (with a maximum of 407,800 cells per 1) at stations Sc. 38 cand Sc. 38d may
also be mentioned. At these stations the diatom-flora is otherwise particularly scanty. This diatom is present
at several stations to the west of Sc.38¢, but is not specially abundant there, and is very scarce at Sc. 38e,
the station immediately to the west of Sc. 38d, where the hydrographical conditions are almost exactly
similar. Further west in the second section is disappears enlirely from the flora.

Another remarkable feature is the occurrence at stations Sc. 2 and Sc.26 of a plankton unusuwally
poor in all respects save for the large numbers of the small species of Laboea found at station Se. 2.
Station Sc. 32, on the other hand. which lies almost midway between them, presents an abundant diatom-
plankton and is also the station at which Thalassiosira gravida has ils maximuom. This species is prac-
tically absent at the two other stations. In addition it may be noted that at station Sc. 32 the species ‘of
Laboea are by no means plentiful.
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Table V. South-western part of the North Sea (Dutch Investigalions) (continued). ) Table V. South-western part of the North Sea (conttuued).
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