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Sii~ce Brrrt?df publishecl lais Cirst woi-k (1899) conceiiiiiig the ineta- 
bolisin of the sea, the theory h a s  beeii inore aiicl more acceptecl that the 
limiting factor for the productioil of plaiikton a t  the surface of the sen 
in most cases must be the quantities present of clissolved nutritive 
substances, primarily compouiids of nitrogei1 a n d  phosphorus. 

Natliansohrz (1906) showecl that these riutritive sttbstailces, when 
absorbecl by the phyto-plankton i11 the upper layers, slilk down into the 
depths a s  dead or living cells or a s  escremeslts and by degrees accii- 
rnulate in tl-ie deeper layers of the sea. It Iias been proved directly by 
the latest investigations of Atkrns (1923) concernrng the occurreiice of 
l~hosphortis coinpouticls iii the sea that these compouiids disappear from 
the sttrface layers during the course of the summer and accumulate i11 

the deeper layers in quaritities wllich steaclily increase towards the deptlis. 
The loss, whicli the siirface layers are  in this way coilstaiitly euposecl 

to, can be compeiisated for, partly by vertical circtilatiori and vertical 
iilovements of large masses of water (Nathnnsohtz 1906) arid partly 

by supplies from land (Nnthatzsohrz 1910, Brrg~the Ruut1 1926). 
When there is a questioil of determiniiig quai~titatively the produc- 

tivity of various parts of the sea a t  different times of the year, it is 
riecessary ro carry out quantitative investigations of the variations in the 
::mount of planktoll ila connection with investigatioiis of a s  many a s  
l~ossible of Ihe esternal factors which may conceivably influerice the 
production of plankton. 

A quailtitative investigation ot the occtirreslce of plankto11 cati witli 
rnodern methods (Lohmantz 1908, 1920, Gratt 1912, 1915) be carriecl 
out with stlfficient accuracy, even ihottgh the work demands much time, 
so that ~t is necessary to work in accordance with a wellformed plan, i11 

order to achieve resttlts correspo~iding to the work employecl. But we CIO 
not obtain a general view of the real dimensions oi the production until 
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Fig. 1 .  M'S Jokar1 Hjort iii ille Iiatboiir by IZaartveit. 

we a re  able sim~iltaneously to investigate liow tlie plaiiktoii A l g ~  iiiflu- 
ence the chemical cornposition of sea water, i11 the first iiistance tlie 
occurrence of ouygeti (Gaarrler 191 5) and the alkalti~rt\~,  (Gaarrler 101 7 ) .  

Bot11 ihese factors will vary, not only with the pliotosj~nthesis of 
the a lgz ,  but also with tlie respriatioii of tile a igz ,  bacteria and ailimals 
besicles with t l ~ e  atrnoslilieiic g a s  e\change; iievertlieless tliey give a t  
present, the best means of obtatiiing a rninimu~n gatige of Ihe produc- 
tivity of any given area  o5 tlie sea. 

\Ve have a coinparatively favourable point of nttack for sucii ai1 
iilvestigatioii i11 the enormous prol~agation of cliatoins which takes place 
in the cotirse of qtiite a short pcriocl along the coasta of North l u r o p e  
in February-April, after tlle season of relative rest wliich usually lire- 
vails it1 December- Jai~uarjr .  I t is ai1 aclvatltage to the investigatioil 
that the lilarikton a t  that periocl of the year is almost hoinogeneous; 
iiooplankton is  still scarce in tlie sttrface l a~ le r s  aricl the nannoplankton 
forms, wliich cai~not  be investigated e\cept by sc  great magnificatioii 
that investigations a r e  rendered diffictilt, play a t  that ttme of the year 
a quite suborclinate par t  in coti~parisor-i witl-i diatoms which can be 
cletermined qtiantifatively with cotnparative ease ancl certairity by the 
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Fig. 2. The small rilotor-boat betweetl tile islatids by Kaartveit. 

centrifilgal method, and which, according to all eiperiences, appear to 
be extremely evenly distributed over large areas  so long a s  the cor~clitions 
of life a re  homogeneous. 

Ai1 investigation a t  this perioct of the year had also the special advan- 
tage that the spring procfuction must form flle basis of the iiourisl-iinent 
of the small animals, in the first instance copepodes wisich agairs con- 
stitute tlse most iixportai~t nottrishment of the younqest stages of the 
species of fish which spawn in the spring alortg the coast of Nor\vav, 
first ancl foremost herring ancl cod. 

O n  the basis of these consideratioiis, investigatlons were starte51 in 

the Oslo Fiorct i11 1916-1917 with theii- basis a t  the Bioloqical Station 
a t  Drobak; the amount of plzakton, oxygen, and  p~ were iiivestigated 
from week to week a t  various ciepths, ancl a t  the same tiine c~tlttire 
esperhnents were carriecl out. The culiure e\l?erirnetits in partictilar 
gave data for determining the intensity of the l ~ r o c l ~ ~ c t ~ o n  at various 
clepths: but in the Fjorci itself it was i o u t ~ d  {hat both ille ansouiit of 
plankton and of o:<ygen ancl pr-r varied to such all e u i ~ e m e l ~ ?  high degsec 
with the movetnents of the sttrface layer in a~icl out of tlie Fjord that it 
was difficult to follow the cJepenclence of the prodttction of p1ariktoi-1 upon 



the changing conditions of life and to find a measure of its total value 
(Gran and Gaarcler 191 8, Gaarcler and Grarz 1929). 

It was found to be especially desirable to carry out corresponding 
investigatioris off the west coast of Norway where the conditions in the 
masses of water might be assumed to be more stable, even though they are 
of course also in coristant movement; but this difficulty would be partly 
eliminatecl if there were a n  opportunity of investigating the coast stream, 
the Baltic siream, in the whole of its extent, from the land out to Its 
limits lowards the waters of the North Sea, where the influence from the 
land must be assumed to be of minor impcrrtance. 

A favourable opportunity presented itself when Mr. Einar Lea in Ber- 
gen with the new motor cutter » Johan Hjort« in March to April 1922 was 
to start investigations on the spawning of the spring herring and the con- 
ditions of life of the fry. Mr. Asserson, the Dlrector of Fisheries was good 
enough to offer cooperation and gave rne in every way the best condi- 
tions of work procurable, and I would therefore take this opportunity of 
expressing my sincerest tllanks to him and to Mr. Len and to thank the 
staff of the »Johan Hjort«, especially Captain Berntsen who died In 
1926. The chemical investigations of the samples collected were carried 
out a t  the Ceophysical Institute iil Bergen; for this assistance I am 
greatly indebted to the Director of the Institute, Professor B. Hellaizd- 
Hattsen and his assistent Mr. AaDrnek and I woufd also express mj7 

thanks to Dr.  Torbjgrn Gaarder for good advice end valuable assistance; 
a number of the analyses of oxygen were carried out by hirn personaHw. 

The starting place for the investigations I selected a s  near a s  pos- 
sible out towards the open sea on the outer side of the Island of Sotra 
off Bergeil, ai the fishing place Kaartvelt which Mr. Oscar Sund with 
great kindness hefped me to select. Witb the kindness of the Director 
of Fisheries 1 there had ar1 opportunity of making tise of a small open 
motor boat for my daily investigation, whilst the cruises out in the North 
Sea on the »Johan Hjort« were carried out a t  intervals of three weeks. 
As  assistent in these investigations Professor lohar? Hjort placed a i  
my disposal Mr. Hans Nansen, laboratory assistant a t  the University 
Laboratory for marine biology, and he afforded me valuable assistance. 
The samples of water for the hydrsgraphical and biological investiga- 
tions were collected In water bottles of Ekrnan's or Nnnsen9s moden; the 
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temperature was determined by Richter's water thermometer; tlie samples 
of water for chlorine and  oxygen determinations were regularly zent to 
Bergen (two-three hours distarice) by motor boat or by coast steamer. 
I l l e  determinations of oxygen were carried out in accorclance with 
Wlirikier's method. Investigations in accordance with a siinilar plan were 
carried otit in the years 1923-1926 on the initiative of Oscar Sunrl at 
Lofoteil during and after the spawning of cod. The quantitative cleter- 
minations of plankton were made by my assistant, Miss Birgilhe Rrrritl. 

w110 lsublished a preliminary account of the investigatioris of the years 
1923-1925 (Ruud 1926). A s  will be seen below the two series of inve- 
stigations supplement each other iri a very valuable maiiner. It may be 
added that  investigations carriecl otit off Romsdal in 1926-1927 witli 
the co-operation of Professor Joliurz Hjort and Mr.  Johat? Ru~lcl will 
presuinably render possible at1 instructive collective picture of the cleve- 
lopmeiit of s p r i i ~ g  planktoti off the coast of Norway. 

il preliminary report of the present investigatioris was giveii in a 
paper reacl a t  the ineeting of Scandinaviai~ Natural Scieiltists in Gotheii- 
berg 1923 printed in Norwegian i11 »Samtiden« (Gran 1923). 

I Continuous investigations within the skerries 
by Kaartveit. l 

The hydrographical cotiditions on the West coast of Norway were 
investigated by Hjort (18c)5), Norclgaartl (1898, 1899, 1900, 1903, 1905) 
and from 1901 a t  various times by the Interi~ational hllarine Illvestiga- 
tion. Thc quantity of oxygen and pn  were investigated by Guarder 
( 1  91 5, 1917) the qualitative composition of the plankton by Jorgens~t? 
( 1899) 

The character of the surface layers withitl and otttside the sker- 
sies is entirrly deterinined bj7 the Baltic Currerzt which 11as there :t 

liigher salinity t h a 1  in the Categat and Skagerak. As will be seen from 
Table I ,  the salinity a t  the strrface in A/larch to April l922 was hoino- 
geneous; on two occasions a t  a depth of 1 metre it was  just below 33 'l,,,,, 
~ therwise  jt was between 33 O/,,, and 34 O / , , , ,  the wliole time from the sur- 
face down to a boundary which varied i11 depth from 30 to 50 tnetres a s  
the surface layers, presumably on account of the wind, cirove outwards 
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Tab, 1 ,  Variatiotrs in Salinity (O! oo) March- -April 1922, by Kanrtveit, 

Depth, Statiori 1 

m. Marchl 

St. 4 

March 9 

l 
l Sl. 5 SI. 7 Sl. l 2  St. 13 St. 14 

March 13 Match 17IMarch,23 March281March31 

St. 18 

April 19 

Tab. 2. Vnrisrtions in Tenlperafure, Mnrch April 1922 by Kanrtveit. 

Dept11 Statioil l St. 4 St. 12 / St. 13 I St. 14 St. 18 

m. , March 1 March 9 1 7 ~ a r c i i 2 3 ~ a r c l 1 2 8 ~ a r c h 3 1  April 19 

from !ancl or were pushecl together. The conditions oi ternperature also 
show a similarly even distribution, Cp. Sable 2. The temperature in the 
stirface Iayers where the phyto-planktori i s  procluced remains the wholz 
time a t  between 4 & 5 degrees. The isotherm for 5 degrees remaiils ill 
the first hali  of the month cleeper than the isolialine for 34 "ii,,,. On the 
23rd it rises to about 33 metres and the 19th April right up to a little 
above a clepth of 10 metres. I t  is of great importance for our investiga- 
t i a l s  io ascer tain that the conditions a r e  comparatively stable the whole 
time. Even tthough it is not probable that the same masses of water 
remairi in our area  of illvestigation, yet ill any case there are  physicallv 
and chernically hoinogeneous rnasses of water which presumably have the 
same origin. Thejr belong to ille coilstarit coast curreilt which runs  out 
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Fig. 3. Hydrograptical conditioiis between the islands by Kaartveit, March-April 1922, 

from the Skagerak along the Norwegian coast. The nlonth of March 

represents hese, a s  in the Skagerak, the annual minimum temperature for 
the surface layers of the coast current. But whilst the surface temperature 
in the Skagerak regularly goes down to O degree, the current off the West 
coast of Norway by admixture is  warmed up to 4 ciegrees. I t  may further 
be remarkecl that the salinity in tl-ie surface layers rich in planktoil 
shows a distinct decrease between the 13th and 23rd March just a t  the 
time when the mass  development of planktol~ diatoms takes place, as 
\vill be described below. The difference is 0.3-0.4 " ,,,,. 

Tab. 3. 0xj)ge-en cc pr. l.,-March-April 1922 OJI Knnrtveif. 

Depth. Statioii 1 St. I St 5 S t  7 St. 12 , St. 13 

, 111. Mai-ch1 March9 ~ a r c h  13 March 17Marcli23 March2f 
l 

St. 11 
March 3 

St. I 8  

April 19 

Table 3 sllows the variations in the alnou~lt  of oxygen. The  ana- 
lyses by WinkLer's method were carried out at the Geophysical Iristitute 
in Bergen. For adjustment of the Thiosulphate solution there was 
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employed distilled water of a knowri temperature shaken with air so a s  
to be saturated. All values are surprisingly high; the values a t  Station I 
correspond to a saturation precentage of 104-10.3 from the surface to 
the bottom and in the surface fayers a t  Stations 12-13 the saturation 
percentage Is 1 14-1 i6 % .  The high values a t  Stations 12---l3 are not 
more than should be expected according to the colossal production of 
diatoms. The over-saturation a t  Station 1 mal7 possible be due to the 
circumstance that the coast c~trrent from the Skaprak  has been saturated 
with oxygen a i  a temperature of about O degrees and has than been 
rnade warrner by mlxing with salter masses of water. 

Whether this be so or not, the observations show in any case a very 
rapid rise in the value of oxygen in the strrface Iayers about Aiiarch 15 
with a continued increase until the 23rd and 28th, after which it decreases 
rapidly a t  the end of the month. On april 19 the consurirption of oxygen has 
exceeded its production so that the water is under-saturated. The increase 
exactly coincides with the development of diatom plankton which has its 
maxitnum about the 23rd but is still very rich on the 28th; it was only to 
be expected that there would be a ft~rther increase in the quantity of 
oxygen on account of the photosynthesis of the diatoms, even after the 
latter had begun to mtrItiply more slowly. 

The minimum value of the production of oxygen in the course of 
3-4 weeks in ihe surface layers should be I cc. per litre. Tf for the sake 
of certairity we oniy take into account the surface layers down to a dept11 
of 10 tnetres, the net production should correspond to 1.4 mg. of glucose 
per Iitre or 14 g. of glucose per sq. metre of surface. 

At the beginnlng of R4arch the planfiton was very scanfy. The only 
species which regularly occurred and was not too scantv was Skelc- 
lonarna rostaturn. Also Thalassl"osirn grnvida was found, bu* verv 
scantily. It wat not until the 13th (Station 5) that the plankton Increased 
both qualitatfvely and quantifativelv. On fliat day the surface layers of 
the coastal waters were deeper than usual on account of a wind blowing 
on the shore. There were conslderable quantities of plankton diatoms 
right down to a depth of 50 metres, wliich is otherwise not the rule. 
According io previous culture experiments (Gaarder and Gran 1927) it 
can be assumed that the light a t  a depth of 50 metres in our Iatitucfes 
In winter is not suflclent for the plankton algae to multipty. V h a t  is 
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fourid a t  that depth must either have suiik clown tlirciugh the masses of 
water, examples of which are  ofteii seen when the period of vegetation 
h a s  lasted some time, os have been pre:sed down with the masses 01 
water wheii the layers of water contairiiiig plankton are  mechanicalljl 
pressed together. 

The growth continues iii the following week aiid the phyto-planktoti 
ieaches its maximum at Statioii 12 oil Marcli 23. O n  the 28th it has  

already considerably decreased and the maximum is no longer found a t  
the surface. This is a circtimstaiice whicli is ofteri inet with wheri multi- 
plyiiig clecreases or ceases, whilst the remairider of the earlier productiori 
sinks to the detpths (Gran 1915). O n  March 31st the development has  
continued in the same directioii a s  will be seen from table 4. 111 this ancf 
the following tables I have iiiserted the observations from station 15 on 
April 7th although station 15 was  takeri 20 miles off the coast. It can 

to some exterit supplemeiit the unfortunately large interval of time 
between stations 14 and 18 (March 3lst-April 19). At Station 15 there 
could no lotiger bv ceiitriftiging be found any diatorns at  the surface. The 

maximuni, mairily consisting of the small-celled C/zaefoceras sociale were 
not founci uiitil a depth of 40 irietres. On April 19ie the diatoms hacl 
almost eiitireli clisappeared froni the surface layers. 

Table 4 shows the total number of cliatom cells but a s  there is '1 

great difference i11 size between the various species aiid a s  tlzeir deve- 
lopment inay not be entirely contemporaneous, it is more instructive to 
trace the growth of the various species individually. We have selected 
those species which occur in the greatest numbers a s  the figures for these 
give the most reliable results. Skelefonemn rosfalum (Table 5)  begilis 
its development before all  other species. More than the others it appears  
to have its origiri close to the shore, and this also agrees with euperiences 
from olher localities even though there a re  also euatnples of this species 
occurririg iii large quantities a t  a considerable distaiice from the land, 
e. g .  on the ridge off Lofoten (Ruud 1926). In  the enclosecl harbour a t  
I<aartxreit, where on March 14 the plankton was intrch more scanty than 
out among the skerries (Statioil 6, Table 6)  it dominated together with 
Ettfreptia Lalzowii, a charr\cieristic coast plankton species, and coinpara- 
tively small qtian tities of Thalassiosira Norrlefzskioldii. Skeletoi~ema has  
its mai-jmtim simiiltatieousl!i with the other species on hilarch 23, but on 
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Tab. 4. Diatonzs, cells pr. I., ull species fogefher. By Kaarfi)eif Marclz-Apr. 1922. 

Tab. 5. Skeletone~na costattu~z cells pr. I., Kanriveit Marclz- '4pril 1922. 
-- - 

the 18th it shows a marked diminution earlier than in the case of the other 
species. Dttring the brief flowering which the cliatom plankton shows off 
Bergeii in 1922, this is the only indication of a succession between the 
species mutually which is otherwise found where the diatoms contitlue 
to grow for any considerable time, a s  in the Skagerak, near the Coast 
of England and of France (Hercl~~zan and Scoft 1909, Marzgirz 1913) 
or in the Gulf of St. Lawrence (Grarz 1919). Otherwise all the species 
in the present instance occur and disappear simultaneously a s  show11 in 
tab. 6-8. 

Thalassicsira NorcleaskioEclii (Table G) is the inost predominant 
species but up to and inciuding March 9th it is still very scarce. On 
March 13th it occurs quite profusely and then cluite evenly to a depth 
of 50 rnetres which must be due to a rush towards the land of the rnasses 
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Tab. 6 .  Tl~alnssiosira Nordenskioldii, cells pi'. 
iMarch--April 1922. 

p - -- P -- P- 

S t . 1  S t . 4  S t . 5  S t . 7  S t . 1 2  S t . 1 3 S t . 1 4  
I l  March Marcli(/ March I March ' March Marcli I March 
I 1st 9th 13111 17111 23id 28111 31tl1 

l. Kanrtveif 

St. 15 St. 18 1 April April 
I 7th 19th 

l 
P- -- 

- . 
(Sp. 140) 

(SP 1 460) 
780 20 

(SP. 80) i 
7340 -- 

(Sp. 3 260) 
3 000 - 

(Sp. 11 760) 
40 - 

(Sp. 3480) 
80 - 

(SP. 2 440) 
P -P -- 

Sp. = resting spores. 

of water of the coast curreiit; a s  described above we found a similar 
conditioxi in the case of Skeletonenzn. Their occurretlce a t  the depths of 
30-50 metres is produced by mechanical and not by biological conditions. 

The development continues in the following week with a maximurn oi 
373,000 on March 13rd. On the 17th March we find a density of over 

100,000 per litre a t  a depth of 10 metres, on March 23rd down to 40 
metres, but this variation iri thickness of the productive surface layers 
will naturally alss  to a high clegree depend on hydrographical conclit~ons. 

In the last week of the month the density is about one-tenth of the 
rilaximrim; on March 31 the maximum is found a t  a depth of 30 metres, 
but climiilishes distinctly a t  the surface. It is the characteristic pheno- 

menon of sinking, a s  is kilown from many earlier obseivations (Lohmnnrz 
1008, Gran 1915, 11)19), 

On April 7th the species had clisappeared froin the surface. The 

maximum of vegetative cells (7,000) were {hen found at  a depth o£ 
40 metres, and from 50 metres downwards there were found more resting 
spores (mauimttm ;it 50 metres 11,760) than vegetative cells. On April 
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Tab. 7 .  Rhizosolenia senzispinn, cells pr. l. Kaarfveit March-April 1922 

l r Statiori 1: St. 4 St. 5 

d March 1 i Marcli9 Mnrch 1 
ITI. 

St. 7 St. 12 St. 13 St. 14 

March 1 7 1 ~ a r c h 2 3 1 ~ a r c h  28 Marcli31 

St 15 i St. 18 

Apt. 7 lApr.19 
I 

-r 

Tab. 8. Chaetoceras laciniosiui~, cells pr. I.  Kaartveit March -April 1922. 
p- - -- p-. 

19th it was just possible to show the existence of spores by centrifuging 
of 50 ccs. samples. 

The other species whicli I have selected a s  esamples follow exactly 
the salne scherne. Rhizosokniu sernispinn (Sable 7 )  was found in quari- 
tities which with regard to the number of individuals i s  about olle 
sevently fifth of the number of cells for Thalassiosira, Cltaetoceras 
Inciniosrrrrr (Table 8 )  whicl-i in i\,iarch 1922 was found in the greatest 
quaritity of all  the Clznefoceras species, h a s  a larger figure for indivi- 
duals than Rlzizosolenia which dimiilishes sornewhat Inore quickly, about 
simultanesusly with Skeletonema. 

In addition to diatonis we find thro~ighout the inonth Cilioflagellata 
and  lnfusoria, but in surbordinate numbers a s  compared with the 



diatoms, and with no inarked periodicity. Ciy//lnarliniu~it Lohm.anni is 

found, however, during the last half of AlLarch cIuriaig the decrease of 
the diatoms in a regular ~iumber of ttp to 5,600 per litre in the surface 
layers down to a depth of 20 metres. 

Species oi the genera Ceratiunz, D~rzop/iysis aiid Peridiniur~z and 
aiso a surall species of O x y t o x u ~ ~  are in the cerztrifliged sarnples only 
fouild in insignifisant quaritities. Infusoria are fouiid in sornewhat 

greater quantities, above alle flilesodi~~iam, Laboea ar-id Lohmarzrziella 
cviformis; with the esceptiorr of the latter they keep marer  to the surface 
than the diatoms. Luboea conica and strobilu could not be fouild at  
greater depths than 20 metres. It was strikiilg tliat the Lnboea species 
which have brown algæ in their cells (L. corzica, strobila and vestita) 
became lighter towards the end of the inonth, and ;ippeared ta digest 
their algæ. Laboea constrictn is always quite colourless as is also 
Lohrnannlella ovifornzis. 

We fincl a s  otir chiej results that the yuasitity of plankton regularly 
increases throughout the whole of Marcll uiitil about the 23rd whereupon 
it dirninishes cornparatively quickly, while all the algre sink to a clepth 
where the light is no longer sufficient for assimilation. The curve for 
the increase of plankton has  the same course during the whole month a s  
the curve for the occurrence of oxygen. 

11. Hydrographical Sections off the coast. 

111 orcler to be able to trace the coilriection betweeil the hydrograpliical 
vasiatioris among the islaiids and the hydrographisal cituation out 
in the North Sea, I had an opportunity by the kitlcl assistance of the 
Ilirector of Fisheries of making three cruises froin the investigatiori 
station at  Kaartveit directly out in the North Sea torvards the West. The 
first Station \vas taken withiii the skerries by Kaartveii, the i~ext  20 miles 
beyond and the followiiig stations at  distailces of 20 rniles. 

'The first cruise was made or1 March 1st to the 2nd, whilst the sea 
from a biological point of view was still in a winter colidition, the seconcl 
cruise was macle on il'iarch 21st to 23rd during the great diatoill mau- 
irnum, and the third after its decrease oil April 7th. 

l .  Hydrographical Section March 1st-7th. Tables 1-111. 



16 H . H  G R A N  [Rep. Norw Fisb 111 
- -- p p p - p- p - - 

Fig. I .  Hydrograpliical section off Kaartveit, March 21-23, 1922. 

At that time the hydrographical coalditio~ls were very homogeneotis. 
Inside the skerries, a t  Station 1 the surface water had a salinity of 
between 33 and 34 ",,, dowtl to a ciepth of 30 m., anci even at  a depth of 

100 metres it was not more than 34.31 ",,,. The tempeiature was between 
4.5 and 5.1. The arnount of osygen was untill a depth of 30 metres 7.52 to 
7.56 ccs. per Sitre and decreased slightly dowtnwards to 7.34 ccs. per litre at 
a d e ~ t h  of 109 metres. At the two outside stations 20 and 40 miles distant 

from the coast the ternperature and saliility were higher, the temperature 
in the surface layers being about 5.5 and the salit-iity about 34.5 v,,,,. The 
isotherm for 6\1t Station 2 was between 30 and 30 m., a t  Station 3 abo~tt  
70 m. The Isohaline for 35 ",,, a t  Statioil 2 was at  about 70 metres and 
a t  Statiori 3 below 100 metres. The quantities of oxygen nese lower thari 

a t  station 1 ; at  station 2 tl-iey were betweeri 7.00 and 7.20 ccms. per litre, 
a t  station 3 between 7.33 aild 7.10 ccnis. At this station, however, obser- 
vations of the quantities of oxqgeil are lacking at  a depth of 1-10 metres. 
At all three stations the quantity of plankton was estremely poor. The 
total of all diatoms at  station 1 a t  a inauimum of 10 n-ietres deep was 
4,930 per litre, of which there were 4,000 Skeletoncliza costafunz. At 
station 2 the maximum total was 120-150 diatoms per litre ancl a t  sta- 
tion 3, 230-280. In all cases Skeleto~ze~iza costatrin~ constituted more 
than one half of the total number. Of other species that occurred some- 
what regularly may be mentioned Tlzalassiosira gravida, and also a few 
individuals of Ceratium species occurred a t  all stations. /i.Iesoc/Mziuni 
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above20000~ adove ~OOOOO, LEDIDDU above/0000allsprl. 
Fig. 5. Distribution of Ttialassiosira Nordetiskioldii, section off Kaartveit, 

March 21-23 1922. 

with its algæ symbiosis regularly occurred with a frecyuence of about 
100 per litre. All species wese fourid in relatively greatest numbess 
inside the skerries, aiid more scantily a t  station 2 than a t  statioti 3. This 
early scanty developmetlt seetns to have its origin a t  the coast. 

2. I-lydrograpllzirnl Secfiotz Mnrch 21 -23. (Tables VI I I-X I I), 
iig. 4. 

This Section proceeds from the skerries (station 12) across the coast 
a ions stream (stations 8-9) to the Atlantlc waters of the North Sea (st t '  

10-11). The Salirrity of the coast streain withiil the skerries is  33.3 
to 34.46 O,,,, outside the skerries over 34 " loo  alid the isohaline for 35 O , , , ,  

a t  both stations lies a t  a distance of 20-40 miles from the coast a t  a deptli 
of 30 and  40 metres. Outside the a rea  of the coast stream a t  a distance 
of 60 ancl 80  miles froni land the salinity is  over 33.3 everjiwhere with 
a very even distribtitioii from the surface to a depth of 100 metrea. The 
temperature in the coast stream varies from 4.15 to somewhat over 5", 

slightly lower within the skerries than outside. Outside the skerries the 
isotherm for 6 " f a l l s  sotnewliat iogether with the isolialine fos 35 "1,,,. 

(Juantities of oxygeri above 8 cc. per litre is found a s  far  a s  the coast 
stream esteiids, including statiori 9 a t  a distance of 40 miles from land. 

* 

jus t  a s  far from land there eutends a colossal development of plankton 
diatoms which a r e  characteristic of the Norwegian coastal waters a t  that 
time of the year. 
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Tab. 9. Sectiorz off Kaartveit, 1922. March 21--23, Temperatlrre. 
I 

St. 12 l 
St. 8 1 S t  9 S t  10 i 

Inside 
the isiands 20 riiiles W. 40 iniles W. 60 niiles. W 

l 

St. 11 

80 miles. W l 
l 

b 0 Sectiorz off Kanrtveit 1922, March 21-23. Salinity. 

st .  12 St. 8 I St. 9 St. 10 
Depth ni. 

Inside the 20 miles W. 40 miles W. 60 niiles W. 
islands 

1 St. 11 
l 

I 80 miles W. 

Tab. I l .  Secfion off Knarfveit 1922, March 21 -23. Oxygen, cc pr. I. 
- - -- - -- 

4 I 

Depth 

m. 

St. 12 l 

St. 8 St. 9 S t  10 1 St. l1 
Inside i 

the islands I 20 miles W. 40 ii~iles W. 60 niiles W. , 80 miles W. 
l l 
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Tnbel 12. Sectiorz oif Knnrfveif 1922. Mnrch 21-23. 
Dinfoms, suni of all species, cells pr. I. 

S t a t i ~ n  12 
Inside tlie 

m. islands 

St. 10 

60 iniles W. 

St. 11 

80 rniles W. 
St. 8 St. 9 

20 miles .W 40 i~iiles W. 

Tnb. 13. Section off Kaarilleit 1922, ivfnrch 21--23. 
Skeletonenzn cosfntum, cells pr. l. 

Station 12 
Insi tie 

the islarids 

St. 8 
20 tniles W. 

St. 9 

40 rililes W. 
St. 10 

60 niiles W. 
St. 11 

80 niiles W. 
Depth 

111. 

Tab. 14. Section off Knnrtveit 1922, Mnrch 21-23, 
Tf~lnlnssiosira Norde~zskioldii, cells pr. i. 

St. 8 
40 iriiles W. 

S t . 9  ' S t 1 1  

60 iniles \V. 80 miles W. 
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Table 9-18 and Sections Figure 4-51 clearly show liow closely the 
clevelopment or" planktoii i s  coniiected with hydrographic conditioils. The 
rich diatom plankton is  sharply limited to the coast stream with a salinity 
ol under 35 "i,, a n d  temperature below 6". In the coast stream its distri- 
btttion is found to be strikii1gly unifornz; there a re  the same species aiici 
the same mutual yuaiitities of each. Tlzalassiosira Norrlenskioldii and  
Skeletonemu co stu tun^ constitute in ilumbers the wast majority, aiid of 
tilese Sfzalussiosira a s  the larger species is iii this case the most impor- 
tant from a quantitative point of view. 

There a re  indicatioiis that station 8 which h a s  a little higher tem- 
perature aiid salinity t l~a i i  the nearest statioiis within aiid without (12 

& 9) is not quite so rich ill planktoii a s  the latter. The difference is 
especially striking in the case of Skeletolze~~za costatum ('Table 13) which 
more thari the other speeies is  coilsidered to be bound to the coast. This 

slight difference is  probably due to the circumstaiice that the coast stream 
at station 8 for soine reasoil or other is more mixed with oceaizic water 
thaii that a t  the two other Statioxls. 

i t  is noteworthy that the diatoms a re  extremely eveilly distributed 
from the surface clownwards to a depth of 20 metres; the differences 
between the observations Ilere lie inside the lirnits of error of the methorl 
of counting. The salinity ancl temperature also eshibit a similarly even 
clistribution inside the same depths, all indicating that the surface layers 
have been well-mixed down to a depth of 20 metres or eveil sligthly 
deeper. Since the beginniiig of the month there h a s  thus throughout 
the whole of the waters of the Coast Strearn developped in a n  explosive 
mariner enormous masses of diatoms. 

O n  the bai?ks outside Lofoten Birgitlze Xutirl (1926) showed that 
the plankton diatoms in spring developped successively from land ottt 
over the banks, evideiltly stimulatecf in growth by the nutritive material 
from land. At Lofoten the developmeilt of plankton on the coast banks 
a p ~ e a r s  niainly to be a local phenome~ion. 

Off Bergen we receive a n  entirely different impression. The regular 
distributioii tlirough the whole area  of the Coast Stream indicates that 
both the various speeies and  the nutritive materials which were condi- 
tioiis for inass developrnent came with the stream itself. This agrees 
with the circumstance that esactly the same species a r e  fouild in the 
Baltic Stream off the Swedish Skagerak coast iri February. 
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Tab. 15. Sectiorz off hirariveit 1922, Mnrcfz 21-23, 
Rhixosolenia semispina, cells pr. l. 

Depth in. 
St. l 2  1 St. 8 

Inside the 
islands l 

20 ii~iles W. 

St. 9 

40 niiles W. 

7 100 
5 200 
4 O00 
5 500 
3 340 

- 

St. 1 1  
80  rii iles W. 

- 

- 
- 

- 

- 

Tab. 16. Sectiorz off Kanrtveit 1922, Marclz 21 -23. 
Chætocertrs laciniosnm, cells pr, l. 

Deptii. 
tn. 

Station 12 ' St, 
Insides the 

islands 20 tiiiles W. 

St. 9 

40 iriiles W. 
St. 10 

60 iililes W. 

i 
St. 11 

80 niiles W. 

I h i s  association was first desribed a s  Sira pla~zktori Dy Cleile 

(1897). I t was subsequei~tly ii~vestigatecl quantitatively by Grarz (19 15, 
Table 111. and Plate 2 figure 1) and by Astrid C'leve-Euler (1917). The 
associat~on of species which was obser-ved ofi the Swedish West Coast 
from February 19th-23rd 19 12 (Gran 19 15) coiitaiii Thnlassiosir!~ 

AlorclenskiRlclii and  Skeletolzell~a costatrrnl a s  the predorninating species 
exactly a s  they are founcl i11 our material from the West Coast of Nor- 
way; Thalassiosirn gravirla ancl R/ziiosalrnin semispirza were fouilcl in 
both cases in ininor quantities. 111 thc Skagerak this plariktoil clevelop- 
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Fig. 6. Plariktoli-associations iir the Skagerak aiid the Nortli Sea, 
Jariuary 1597, copied froni P. T. Cleve. 

ped in water with a teiilperature of abotit O clegree aiicl a salinity of 
25-32 "i,,,,. If we assuine that tbe cliatom plankton of tlie Skagerak off 
Sweden cievelopped in the same maililer anel ;it tlie same time in i022 
a s  i11 1912, there should be olle month betweeri the ii:ass appearaslce of 
the species in the Skagerak aild the corresponding occurrence off the 
West Coast of Norway. Accorclis~g to /Vlo/zt? (1887) the average \~elocity 
of the 'haitic Stream aloilg tl-ie South Coast of Norwa!: is 0.4 sea iniles 
sisi hour; this esactly correspoizds to the fact that tlie illasses of water 
iieecl aboui osle montl-1 froin Ille West coast of Swecteil to ille \vaters ofi 
Bergeil. Tliis movement is illustratecl i11 a quite instr~tctive way by 
Cleve's fillely esecuted chart  ah ich  1 Iiave taket? the iibel-ty of re-produ- 
cing, of the surface plailktoiz ill the Sliagerak atlet North Sea i11 Jaizuarj 
1897 (fig. 6) ' ) .  C ~ E V P  lackecl observatioi~s froin the d~strict  off the West 

l) Reproditced with permission from a drawing by dr. Hjnlmar Broch prepared 
for his treatise in Ahdertznldens \)Haiidb~tch der biologisclien Arbeidaniethoden.. 
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Tnc. 17. Sectiorr off Kaarfveif 1922, Mnrclz 21---23. 
Thnlassiosira gravida, cells pr. l. 

Tab. 18. Section off Knnrtveit 1922, Mnrch 21 --23. 
Nitxschia delicatissinzn, cells pr. I. 

, Station 12 St. 8 I S t  9 l St 10 
I Insides 

111. the islands 20 iiiiles W 40 niiles W. 60 miles W. 
St. 1 1  

80 miles W. 

Coast of Iqorway so that we have no material to enable us to judge 1 1 0 ~  

-Car Northwards the 11lankton reacl~ed a t  that time (in Jailuary). 111 any 
case the mass development of T/~alassiosira djd certainly not take place 
until later on. Noswegiail fishernien are  aware that the »flowesii~g« OF 
the sea off the West Coast of Norway segularly takes place about the 
third week of the month of March. 

There still remaills a discussion of the developineiit of plankton 
lvhich we find a t  the outesmost Statioil ill otir Sectioil, Station 11, tiildei- 
quite 4tlailtic coilditions, with salinity 33.31 ancl t~mpera ture  7.26 to 
'7.29. '4s is show11 iii Table 12 there are  here regularly found from the 
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surface a s  far down a s  the observatioris exteild (100 inetres) some few 
thousaild of diatom cells per litre (4- 10,000). It i s  atlotber association 
of species; Rlzizosole~zia setilispinn is etitirely lackirig atid T/zalassioslrtr. 
Norr/e~zskioWii and Ch~toceras la~iniosunz are  fottncl sonlewhat scantily, 
but Thalassiosira gravlcia is found it1 almost a s  large quai~tities a s  in 

the coast stream, Nifzschiu delicnfissrtita inore frequeiitly while Skelo- 
totiet~~ii costatittil occurs i t1  ntimbers corresponditig to 3 I of the whole. 
We also iind both oceariic forins such a s  Chatoceras crtlarzfrcun~ and  
/~eruviarzuriz, Dactyliosoletz antnrcticus, Tlialassiot/zr~.x 201zgissinlu, anil 
relatively Soutliern ~zeri t i~ forrns such a s  Asterio~z~llu jal~oiricu, di ty lun^ 
Briglitweliii, Navicula c/istatzs, Purnlia sulcatr~ arid R/7izosolerzia Stolter- 
jotlzii. Naviculu disfatzs aiid Paraliu sulcata are  typical North Sea forms. 
The association of species is  vei-11 ini\ed; the supply of nourishment which 
is the condition of the still scanty clevelopment tnay coi~ceivably have 
come to some euteni from some coast or other a s  the salinity arid ternpera- 
ture are  slightly lower t l ia t~ a t  the poorer staiioii 10 further in. But the 
richer development may also be clue to tlie vertical circulatioi~ which h a s  
carried ilutritive matter ti11 froni tlie clepths. We see clearly that such 
circulatioi~ h a s  taken place froin the even clistributioil of the temperature, 
salinity aiid plankton thi.oughout the whole of the layer of water in- 
vestigated. The only factor which shows a distinct differeiice betweeti the 
surface la jers  and  those cleepes d o w i ~  is oxygen. If we dare rely upon 
such small differences between the observatioris they should show that  the 
photosynthesis is  greater than respjration down to a depth of 40 metres 
iriclusive, \~/hich othei-wise wel agrees with Guarrler's (1915) results froin 
these latitucles. 

3. Z-/y(/roqraphica/ Section April 7th 1922. (Tab. XV---XVII, 
fig. 'i). 

The last hydrographical sectioi~ was taken on April 8th after the 
tnass production of diatoms hacl ceased. The hydrographical situatiot~ 
was not essentially clianged; tlie water of the coast stream however now 
covers the surface a t  statioti 17 also, which corse~poiids to station l 0  iii 
the previous sectioti. The iemperature in the surface laver of the coast 
stream i s  still betweeii 4 aiid 5 9 n d  ille salinity betaeen 33 aricl 33 '/,,,,. 
Diatoms a re  now founcl very scantily in tl-ie water of the coast streani a s  
sliowii by the Tables. Of T/~nlassiosira 1\~nr~/erzski6lr/ii there a re  fouiicl 
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inore resting spores than vegetative cells, and the matn mass is found 
ill the salter layer of water uiicler the actual coast stream. Both this and 

cther species mttst to a great euteilt have sunk from the surface layers. 
The character of the plankton i11 the coast stream is now determiiled b\r 
Infusoria such a s  iMeso0Uzium aiid Lnboea conica. But a t  station 17 
there is proceeding a quite rich developinent, not i11 the surface layers 
which have come from the coast stream, but from 20 metres a n d  dowii- 
wards  i11 waters witl-i a temperature of over G" and  a salinity of over 

35 " ,,,,. The chief forins are  Cl~atoceras debile which attains a riumber 
of more thai-i 100,000, and  Thalnssiosirn grnilitla. 

Tlie fact that the coast stream has iiow hecome so poor is most 
probably due to the circumsiaiice that the stores of ilutritive matter 
hrought down froni the Skagerak a re  used up, which, according to the 
i~ivestigations of Atkins (1923) regarding the occurrerice of phosphorus 
cornpotiiids cari take place in a comparatively short time. The tempera- 
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ture and salinity have not greatly chai~ged, a t  least not so much that 
they can have placed any limits on development. Another factor that 
inight give similar results could perhaps be a n  accumulation of products 
of assimilation which might have poisonous effects. It h a s  been shown 
(Crrnn and Xrrurl 1926, Ciuarrler ai-id Ciraiz 1927) that the planktori clia- 
toms secrete coinparatively large quailtities oi clissolved orgaiiic matter; 
but, so far, we have no lcnowledge a s  to 11ow these stuffs act upon the 
developrnei~t of algce. It will be possible to approach these questions 
furtl-ier by continued investig a t' 1011s. 

111. Investigation in Hardanger Fjord 
April 20th-21st 1922. 

For a comparison of the dcvelopinent of plailktori in the coast stream, 
it was of ii-iterest to carry out irivestigations of the correspondirig coildi- 
tioils iri the deep Hardanger Fjord, which extei~ds far into the country 
just to the South of the region of our investigation. I considered it 
probable beforehand that the conditions there would be more stationary 
than those In the coast stream and tl-iat ill the Fjord there might still be 
foui~d a comparatively rich cliatom plankton, even though the clevelop- 
ment in the coastal waters had already ceased. During a cruise of 
investigation in March 1898 1 had convinced myself that the rich coast 
plankton which beloilgs to the coast stream did not eutend farther in 
than between Ille large islailds which lie a t  the mouth of the fjorcl. It 
u-as of interest to show whether the Fjord has  its own characteristic 
planktoil whicl-i develops indepetldentlv of the supplies of nutritive matter 
from without. 

The section in Figuie 8 shows the I-iydrographical situation. The 
saliilitjr of ihe surface layers decreases from the ~out1.i  of the Fjords 
inwards. At the mouth itself, station 22, however the salinity.of the sur- 
face lavers is slightly lover than iil the fjord. The temperature a t  the 
surface is  over 5" the whole way on accour-it of heating from above, but 
a little beiow tile surface a t  somewhat varying clepths in various places 
we find a minirnuin temperature which a t  the innermost Station goes 
clown to 4.64" a t  a clepth of 20 metres. 

Although the surface layers differ so little frorri the water of tlie 

coast stream, both in salinit1 arid temperature, the character of the 
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- .  
Fig. 8. Hydrographica1 section i11 the Hardanger Fjord, April 20-21, 1922. 

planktoil is quite different. At the two inriermost stations it is quantita- 
tively very rich which is also e\pressecl by the estremely high content of 
ouygeil. The preclominant species is Lepfocylintlrus ~izi~ziirzus with UP 

to 215 millions cells per litre. Neut comes Tlzalassiosirn Dioculata witli 
UP to i1,000 per liti-e. Both species ai-e of a far more southern type 
than the domiilatii~g species of the coastal waters. At Station 20, where 
the planktoii has  its tnaximun~, both quantitativelv and qualitatively, we 
find ir, addition such soiithern species a s  Asferionella jalionica, Choeto- 
ceras conzpressunz arid curvisetu~~z, Eucnnzpia zootliacus, Le1ifocylirzclrus 
rlariicus, klzizosole~zia fneroeensis and Stolterfot/zii, besides a wealth of 
species oi Prridirira. There is  a special abuiidaizce of one species which 
withotit fuilier investigation I have provisioilalljr determined a s  Peri- 
ciiniunl q~1?1it?111?~; it forms short chairis like Gonyaulax catenafa 
(Leva!~rler) ancl appears  to have brown chromoplasts. The same spe- 
cies is  also found at the ileut outerrizoct Station, a t  Lervik, but in sinaller 

quantities. At  the mouth of the Fjord (Statioil 21), the plankton is 
scanty as in Ille rest of the coasi waters; only small quailtities of forms 
from the Fjorcl are  found there. 

Leptocylindrus nrirzirizus a s  show11 by the Table 19 i s  inostly found 

in the surface layer, whilst Tlzalassiosirn biucrrlata and the other species 
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Tab. 19. Hardanger Fjord 1922, April 19-20. 
Leptocylindrtts rninimits, cells pr. I .  

St. 20 St. 22 

Off Kviliherred St. 21 Off Bømmelhiik 

Chiircti Off Lervik (mouth of the 
fjord) 

Tab. 20 Hardanger Fjord 1922. April 19-20. 
Thalassiosira bioculata, cells pr. l. 

--.-p- - ...--.p -- 

liave their maximum in the ~ o l d e r  water of 4-5Qt a depth of 20-30 
inetres. Presumably the mass development of Leptocylirztlrus begaii 
after the other species hacl vegetated for come time, so that they had time 
to siiik down; the sources of ilourishmeiit for the flowering undoubtedlj. 
come from the inelting snow on the cultivatecl fields atound the Hardan- 
ger Fjord. 

The great qualitative differeiice between the plaiikto~i of the Har-  
claiiger Fjord ancl the coastal waters is understandable if we remember 
that the coastal waters come from the Sl<agelak where the plankton lias 
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commenced its cievelopment uncler a teniperature of nearly O", whilst the 
plankton of the Hardanger Fjorcl h a s  developped under a temperatur? 
of between 4 and 5". We thus fiild i11 this difference a new support fos our- 
views that the plankton of the coastal waters comes from the east. 

IV. Culture Experiments. 

113 accordance with that method which Dr .  Gaarrler and  I hacl 
previously employecl a t  Drwbak, there were in the nionth of March 
suspellded a t  a dept11 of l metre in the sea a t  Kaartveit litre flasks 
containing sea water wliich had previously been investigated for plankton 
allds coritent of ouygen. Some of the flasks received no supply of nutri- 
tive matter, othei-s eilher IZNO corresponding to .O5 mgs. of N per litre, 
Na ,  H P O ,  corresponding to .O5 mgs., or both of these nutritive substan- 
ces simultaneously. As a rule thei-e were employed simultaiieousiy two 
or three flasks with the same coilteiits, so {hat the inean values could 
be calculated. The object was to test whether the :icldition of i~utritive 
salt increasecl the production of plankton and  of oxygen iii the flasks. 

A s  a rule there was  suspendecl olle flask covered by opaque cloth in 
order that a t  tlie same tinie the consiimption of osygeil by respiratioil 
coulcl be estimatecl. In all  the e\periments the temperature was 
abou t 4-5O. 

Experinzeni I .  iblarch 8th-lltli, content of oxygeri 7.41 cc. per 
litre. 3 flasks received a n  addition of nitrates and phosphates, 3 flasks 
received no addition. Original content of plankton (cells per litre) 

Oxygen cc per iitre . . . . . . . . . . . . . . .  
1 Chr~toceras conzpressnm.. . . . . . . . . . .  

, debile . . . . . . . . . . . . . . . . .  
,, Incinios~im . . . . . . . . . . . . .  

Skelefonemn costatir~il . . . . . . . . . . . . . .  
Tlz alassiosir-LI gravida. . . . . . . . . . . . . .  

. . . . . . .  j> Nordenski6idii 

Before tlie ' 
Experirrierit 

('i 1) 
1 - 

Withoiit 
Additioii 

With Nitrates 
aiid 

Phosphates 
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Skeietonenra ~ostafunz 15,965, Tlzalassrosiru i\~orr/enskrolr/~i 210, 1-haias- 
srosira gravida 220, Ch~ toceras  compressunz 525, C/zu?toceras laciniosum 
115, Chafoceras debrle 185, i11 additioii to a riumber of other species i11 

smaller quantities, 
The cliffereiice between tlie unfertilised and the Eertilisecl flasks is 

small. 7 h e  incsease in o:cygeii without fertilising is  .O9 ccs, with fertili- 
sing . IS cc. The i-eproduction of diatoms is goocl Ihroughout. Skela- 
tonema costatum, whicli in the original sample is found in the greatest 
numbers, has  inultiplied 8 times, i .  e. ai1 increase of 100 76 lper 24 hours. 
Some of the other species appear to have multiplied even more rapidly, 
but a s  the quantity beforehand was  small so that a slight error in the 
centrifilgal method could make a great cliffereiice, too great stress sfioulcl 
not be laid upon the values for the i-apiclity of reproductioii which cati 
be estimated from tliese observations. 

111 comparison with the raisicl iricrease the clifferetice between the 
quantity in the fertilised a n d  unfertilisecl flasks is very small. It may 
be asserted that tlie lack ol' nutritive matter cannot have beeil the limiting 
factor of productioii a t  that period. 

Experirnerzt 2. March 13th- 16th. Same conditions. The plankton 
is now somewhat richer. 

Resrrlt. 

Oxygen cc. per litie . . . . . . . . . . . . . . .  
Chli-toceras Inciniosllrir . . . . . . . . . . . . .  
Rhizosolerria senrispinrr. . . . . . . . . . . . .  
Skeleforzernn costat~rnz.. . . . . . . . . . . . .  
Thalnssiosira Norderrskioltiii . . . . . . .  
Distepharzus specnlllm.. . . . . . . . . . . . .  
Mesodinium . . . . . . . . . . . . . . . . . . . . . . .  

Before tlie 
Experiment 

(13/d) 
- 

P- -- P 

7.10 
2 110 

205 
71 9'30 
23 550 

180 
770 

Withoiit 
Addition 

.............. 

7.81 
12 100 

525 
286 400 
101 250 

750 
1 050 

With Nitrates 
and 

13hosphates 
- 

P- -- -- 

7.85 
11 167 

467 
437 100 
63 967 

267 
1 833 

In t h ~ s  case reproductioii is less abutidant thaii in the previous 
esperiment, iii the best cases up to five times in 72 liours (C/zetoceras 
Iaciniosum aiid Skcletorzema). The differeiice between the fertilised and  
r:on-fertilised class is  still iiiconsiderable, 
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Experirnent 3. March 16th-19th. Still the satne plan of euperi- 
ment, but for the pilrposes of control one of the fiasks w a s  packed in 
opaque cloth in order to investigate ille intensity of respiration. 

Before tlie 
Experinleilt 

Oxygen cc. per l i tre. .  . . . . . 
Cha~foceras debile . . . . . . . . 

,, laciniosrim . . . . 13 800 
Nitzschin seriatn. . . . . . . . . . 250 
Rhizosolenia seri~ispinn. . . . i  1 025 
Skelefonernn costatrim . . . . . j 291 500 

Thnlassiosira gravidn . . . . . . , 1 750 
,, ~ o r d e r ~ s l i i ~ l d i i ~  :32 650 

After the Experinlerit 

I l1 

Darkness 

With 
Wit'lotit Nitratec and 

Ptiocphates 

The increase in oxygen i s  great, wiihoilt fertilising 1.41 ccs., with 
fertilising i.66 ccs. per Sitre iii three clays. I he quaiitity of plankton is 
now near its masimum. Reproduction is uneven, in the case of Skel~to- 
rrema up to 6-7 times, iil the case of most other species less. The 
rlifference between lhe fertilised and not fertilised flasks is inconsiderable. 
I t  is relatively greatest a s  regards oxygen .25 cc. The euperiences a t  
Ilrobak of Gaarrler ancl Gran (1927) might render conceivable the 110s- 
sibility that ihe dit'ference coulcl be connecied with the circtimstance that 
the nitrate reduction gives a surplus of osygen. 

E ~ p ~ r i / t ~ e / z i  4. Marcl-i 23th-28tl1, 2 flasks without addition, two 
nrith oniy phosphates, 2 with phosphates ancl ilitsates, two with nitrates 
aloize, one of which was  in dctrkness. 

The consun~ptioii of ouygen by respiration is now greater than 
before .30 cc. per Sitre iii three days. The procluciion of osygen by 
photosynthesis gives distinct positive restilts of fertilising especially with 
nitrates, but the reprocluctioil of the a l g z  is u~~sat isfactory whether due 
to sotne fault in method during the esperiment or whether there majr 
have been formed poisoilous proclucts of assimilaticn from the wealth 
of diatom plankton. -4s regards possible errors in the esperiment, the 
only one I can find is  that the a lgæ may have been exposed to too strong 
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Oxygeri cc. per i i tre. .  . . . . . . 
Nitisi~hia sericzfn . . . . . . . . . . . 
Rhizosoleriin seriiispirzn. . . . . 
Skeletorzema costaturir . . . . . . 
Thnlnssiosira grnvicln . . . . . . 

Nordenski8ldii 

light when there was  bright sunshiiie which lias ~~ncloubtedly a baci 
effect, anci it would doubtless be praciical in subsequent experirnents to 
lower the flasks to a depth of five tnetres, wl-iere a s  a sule the a l g n  still 
have entirely cptimal conditioi~s of illumination. 

Experinzen2 5. A4arch 31-April 3, same plat1 a s  iii esperiinent 4. 
-- 

w 
periment 
-p - 

i Oxygen cc. per litre. . . . . . . . I 8.05 
C h ~ t o c e r n s  debilp.. . . . . . . . . l 80 

,, diaderna . . . . . . 1 880 
Nitzschia seriafa..  . . . . . . . . . 560 l Rhizozolenia sernispinn. . . . . 1 260 

fntunz . . . . . . 160 
ordetzsltroldit 3 760 

- p  p p 

The planktoil i s  ilow so 1nuc1-i poorer from a quailtitative point of view 
that the production of osygei~ in the flasks without fertilisers does not 
correspcmcl to the const~mptiot~ of oxygen by respiration. Rut fertilising, 
especially with nitrogen now gives clistinct evide~ice both in the develop- 
ment of ouygen arid in the reproduction of the algæ. This euperiinent 
shows distinctly that the occctrrence of dissolved nutritive matter after 
the great period of flowering is  the limiting factor for further deve- 
loprneiit. 
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Exl~eriment 6. April 3-b. Same plan, but oniy the variatiotls ill 

oxygen were investigatect. 

Oxygen cc. per litre: 
. . . . . . .  Before the Experiment . .  7.81 

After stay in darkness . . . . . . . .  7.30 difference --- 0.51 
. . . . . . . . . . . . .  Without addition 7.45 9, - 0.36 
. . . . . . . . . . . .  With Phosphates . .  7.46 ) j  - 0.36 

With Nitrates. .  . . . . . . . . . . . . . .  7.43 t>  - 0.38 
. . . .  With phosphates & nitrates 7.68 > - 0.13 

The consttmption of ouygen is  very great . l 7  cc. per 24 hotirs; the 
water presiimably contained a great deal of soluble organic matter. In 

the productioil of oxygen the nitrates aiicl phosphates aloile have not 
given any results but the additioil of both substasices simultaneotisly 11as 

done so. 
Oil corilparing the cleterminations of oxygeri from all  experimet-its 

we obtain. 

Oxygeii cc. pel 
litre 

1. 8-11March . . 
2. 13-16 ,, . , . 
3. 1(i-19 ,, . . . .  
4. 25-28 ,, . . . . .  
5. 31 March-3 A p r i l .  

. . . . . .  6. 3-6 Apr i l  

The differeilees iii the nei productioi~ of osygeii wl~ich is  coilditional 
iipon the addition of iiitrates aiid phosphates are  positive throughout, 
but cluite small a t  the begiiiiling 0.09 and 0.04 cc. 111 the iniclclle of the 
i ~ ~ o i ~ t l i  (Fxperiment 3)  the cliffereiice increased to .23 cc., and on the 
25th-28th to .40. The rcailiy plaiikton on March 31st shows in the 
fifth experimeiit a smaller differeiice .23 cc., arid the same clifference 
.23 cc. in the last experiment, April 3rcI-6th. These figures show, a s  
stated above, that the addition of ilutritive salts a t  the eiid of the periocl 
had a greater effect than in the begining, but tliey a r e  not adequate for 
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a ciecisioil a s  to wlietl~er they have acted solely a s  nutritive sttiffs or 
 heth her they liave chiefly had stitnulatliig effects. We must also take 
iiito coiisicleratioii that a part  of the increase in oxygeii may be due to 
retciuction of niti-ates. With the esperiences tlow gainecl i t  will be pos- 
sible to avoid a ntlniber of the sources of error in subseqtteiit experiments. 

Discussion of the Results, 

The chief object of the exper~meiits was to obtaili a valuation a s  to 
Iiow large the net prodttction of orgaiiic substances can be during the 

floweririg of the i ~ c h  sprrng plankton off the coast of Norway. 
In the preliininary report published in Norwegian lariguage 

(Gran J923), I have estimatecl from the i i~crease i11 the oxygen dissolved 
in sea water the ilet production durilig 3-4 weeks in March 1922 ai 
1.4 g. glucose per cubic metre, reckoniiig the inci-ease iii oxygeti a t  l cc. 
lier liter. 111 further estimcitiilg tliat iliis procluctioii was restricted til1 
the uppermost layers of water down to a depth of 10 tnetres, this should 
coriespolid to a pl-oduction of 14 g. glucose per sy. xneti-e of the surface 

over a n  area  which eutencled from the coast to 40 miles from the latter. 
This shot~ld be a miiiimum value wheii we take into account that 

the surface layers in tlieir saiuratecl conditioii must steadily give of1 

oxygen to the atmospllere. 
Accorcliiig to the results of culttire experiments, we arrive a t  coii- 

siclerably higher values. The net s ~ i r p l u s  of oxygen :n the culture flasks 
increased steacfily from i\/larch 8th to iMarch 19th. During the period 
i\'larch 19th-25th 110 culture exlieriments were maclc on account of the 

cruise oil the »Johan l-Ijort«, aiicl cluring the experimeiit on March 25th 
-28th the increase in oxjgen was agaiti less. If we calculate the pro- 
duction of dsygetl it1 the days Maich 19th-25th as eyual to the average 
valtles of the experimeiits, 3 (16-19 3)  and  4 (25-2813) we obtain a 
net surplus of osygei~ in 20 clays, from the 8th-28th March, eqtials 
.O9 lilus . l  l plus 1.41 plus 1.76 p l ~ t s  .35 eqrrals 3.72 cc. 0, per litre 
corresponctiiig to 5.2 g. glucose per m.' 01. an average of .2G g. glucose 
per 24 hour-s pel- cubic metre. 

TI-iis value is more than three tiines greater tlian the minimum valtie 
v,hich we arrived a t  after the observations in the open sea. Nor should 
this calctilation give too large values. In the culture flasks the condi- 



tions i01 the giowth of the algæ aiicl foi theii photosyiitl-iesis cannot be 
better thais in the open sea. And clul~ng the greatei part oi the peiioci 
of euperiment, a t  least untal the 23rc1, the ninotliit of assimilatiiig a l g ~  
in the sea ha s  steadily increasecl. In the cttlture flasks we llad no inore 
plankton llian in the sea outside, rathei less. Duiing some of the elpeii- 
iqents several of the species shewed poor grovlth which indicates less 
favouiable conditioiis in the ctllture flasks. 

For the purposes of comparlsoli we have Putter's (1924) values 
flom the Kiel Bay. We hese fliid a s  the aveiage value for the suinmel 
moiiths aftei the culture expei-in~eaits 2.27 g,  of glucose pel cubic metre 
per 24 liours. His values a r e  gioss  values in that to tlle net values he 
has  added the total const~mption of o l jgen  by the respiration of pianktoii 

and bacfena. 1f we take iiito coilsideration thal the water i11 the Kiei 

Bay as alcvays very full of liutritive substances aiid that assimilation w111 
be quicker with the suminer temperatui-e than a l  4" lo 5") it is peihaps 
riot more than coulcl be expected that 111s gross values are nearly teti 

times greatei than our net value. 
Plitfei's last iesults irom the Casiar) Islands (1926) after the anc]- 

lysis of flasks which had stood on shoie ullder the sliadow oi trees 
cannot be employed foi this compaiisoa~. 

Aik~ns (1922, 1923, 1924) from the variatioiis i i i  pti estirnatecl the 
~nrzunl net surplus of planktoil production in the English channel at 
3 g .  of glucose per cubic metre, or less tlian our net surplus foi 20 da) s 
I h e  assurnptions foi Atkzrzs' calculations are that throughout the yeai 
lie hcid the same unasses of water to deal with aiid that the aiet surplus 
IS constaritly adcled up m the course of the summei months whilst again 
at is consumed in wintei. These assurnptioils scarcely lriolcl 111 our wateis. 
I h e  quantities of organic matter which a re  produced a t  the cost of the 
wealth of nutritive supplies fioin the Baltic, rnove with the current and 
a r e  distributed fal outside the ai ea of piodttction. We should theiefoie 

obtain an  eri-oneotrs rdea of the productivltjr of out seas r f  we sliould 
nieasure them solely in accordance with the chemical chailges in a 
definite locality. 

On  the other side assimilation aiicl dissirnilation ploceed mucli more 

qtiicklv than we should be inclined to expect beforehaiid Accord1isg to 
the investigations to hand (Cp. Gran arid Rrrurl 1926), it is eltreinely 
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probable that a large part  of the surplus is  found in a soluble form, a s  

soltible organic matter in the sea water and  is very rapidly oxydised by 
the activity of bacteria. W e  have seen above that the great surplus of 
osygen which had  acctrmulated in the course of the moiith of March 
vias very quickly displaced by a deficit. Durisig the culture experiment 
from April 3rcl-6th there was  so little isl-iytoplankton preseiit that the 
quantity of oxygen decreased under full illusniiiatioil by . l 2  cc. per litre 

per day, a n d  in clarkness; by . l7  cc. per litre per da)-. In the coastal 
regions where the strpply of tiutritive substances varies, several such 

maxima aiid minima may succeed eacl-i otlier ii-i the course of the year, 
so that it i s  clifiicult to estiillate the total yearly productioii by comasaring 
the chemical conditioris cfui-ing the wiiiter snauiilium with the conditions 
during any sisigle observeci ma\iinum. I ~7iI l  not, however, colitend that 
conditions in the English Chanilel iiiay be so everi ar-id steady thar 

Atki~zs' c,~lctilatiosis may give a true estimate of tlie productiorr in 
that area.  

Suinmary: 

1. In March-April 1922 tliere were carried out continuous hydro- 
graphical - biological investigations a t  the Island of Sotra off Bergesi 
and three sections from the coast out i11 the North Sea a t  distaiices of 
20 miles between the statioiis. The investigations were carried out fro111 

the surface to a dept11 of 100 metres, witli deteimisiatioiis of tesnperature, 
salinity, content of oxygeii and  of planktoli of all samples of water, the 
last named being determined by centrifugiiig. 

2. Near  the coast the tempel-ature a t  the surface remained verj 
even the wfiole time, aboitt 4--5%ncI likewise the salinity between 33 
a n d  34 v,,,. A t  first tlie plankton was very scanty Zrom a quantitative 
lioint of view but after a time it slowlq iiicreasecl and later os1 grew 
rapidly to a inaximum about Marcli 23rcl. The predo~ninaiit species 
weire Thulassiosira Norrlenskiolclii ancl Skeletorzema costafuriz, both of 
which attained a density of over 200,000 cells per litre. After the 13rd 

the amount of plankton ra pi dl!^ decreased, the a l g z  sinking from the 
s~lrface layers down towards the depths. 
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The  yuantiiy of ouygen increased above sattiration and decreasecl 
parallel with the production of plankton with a maximum from March 
23rcl to 28th. In the middle of April the layers of water were urider- 
saturated right u p  to the surface. 

3. Hydrographical Sectioils. O n  A4arch 1st to 2nd the layers of 

wafer were hotnogeneous with iemperatures below 6Qnd salinity below 
35 O,',, right out to a distance of 40 miles from the coast. Close u p  to 
the shore there began a scanty development of plankton with Skeletorzemn 
costuturr~ a s  the predominating species, otherwise the plankton was  very 
poor in inclividuals. 

The Section I\ilarch 21st-23rcl showed homogeneous layers of water 
from the coast to anct itlcluding a dista~lce of 40 miles from the coast, 
with salinity under 35 O ; , , , ,  and temperature under 6' a t  the suriace layers 
the whole way. Outside the above limits there were Atlantic Waters 
with a temperature of over 7Qand a salinity of over 35.25. 

The Coast Stream up to a distance of 40 miles from the shore con- 
tained a vei-y rich diatom plailktotl with extremely eveli distribution 
both a s  regards quality and quatltity. The predominating species were 
Thalassiosirn Norrlenskiolrlii and  Skeletorzemu rostatun1 both with a den- 
sity of over 200,000 cells per litre, a typical Sira-plafzktorz according to 
Cleve's definition. 

The regular distribution of these. large quantities of plankton can 
best be explained under the assumption thaf both the species ancl the 
supplies of nutritive material whicl-i a r e  a conditioil for their continued 
reproductioil came with the Raltic Stream from the Skagerak, where a 
correspondin; plaiikton occurs otitsicle the Swedish coast about 1 month 
parlier (February 1912) under conditions of temperature of about 0' and 
salinitv uiider 32 O / , , .  The average velocity of the Baltic Stream accor- 
ding to ikloluz is 0.4 sea miles per hoili-, a speecl which wotild just in the 
course of a moilth carry waters from the Skagerak Coast of Sweåen to 
the coastal waters off Bergen. 

711e Section on April 7th shows alterect conditicttrs. The waters of 
the Coast Stream are  now very poor in planktoti. A iiumber of cliatoms 
have sunk down info the salter layers of water uncter the Coast Stream. 
whilst a development has  commenced in the Atlantic waters outside the 
Colast Stream. 
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A Section into the Hardailger Fjord, April 20th-21st shows in 
the rnoiith of the Fjord the same poorness i11 planktoil and the same low 
coi~tent of oxygen a s  ill the rest of the coast stream. But in the Fjord 
there has  developpecl in the surface layers a rich diatom plankton of 
Lel~focyli~zrlrus I ? Z ~ I Z ~ I ~ Z ~ C S  (witli a density of up to 2!- inillions per liti-e), 
T/zalnssiosira bioculntn ancl subordiiiate quantities of a tlumber of inore 
southern fornls. These species have developped a t  teinperatures corre- 
sporiding to the conditions in the coastal waters (4 to j"), but form 
i~evertl~eless a sharp coiltrast to the cold water species in the coast 

r - 
stream. l his contrast gives iiew support to our theory that the cliatoms 
oi  the coasl stream first developpecl under the Arctic coilditioils iri the 
Skagerak in the month of February, whilst the plankto11 of the Hardan-  
ger Fjord which developped later h a s  a biological character correspon- 
ding to R-ie conditions in that clistrict. The production ill the fjord will 
clepend rip011 the supplies of ilourishment during the inelting of snomi 
c11 the cultivated fields ill Harclailger. 

4. Culture experimeiits were carried out during the period of obser- 
vation in accordai~ce with the inetl~od earlier employed by Gaarder and 
Gran in tlip Oslo fjord. Flasks with their ilatural plailkloi~ were suspen- 
ded i11 the sea for 3 days et a cleptl~ of one inetre. To come of the flasks 
there were addeci small quantities of nitrafes or ~ h o s p h a t e s  os of both, 
cthers wei-e suspended without aily such aclditioi~, ot l~ers  again eilveloli- 
peci i11 opaclue clath for the cleterinitiatioi~ of Ihe consumptioi~ of oxygeii 
by the respiratioil of bacteria and plailktori. Til the first half of the 
tnorith the developmerit of the cliatoins ancl the production of osygen was 
~sractically equally great i11 all flasks, illdicating that the occurreilce 
of nutritive salts a t  that time was not yet the limitiilg factor for- the 

i~ourishrnertt of the a lgz .  Toivards the end of the tnonth the addition 
of ilutritive matter gave distinctly positive restilts. 

5. After the increase ill ouygeil il1 the sea, the production throug- 

liotit the uhole of the strrface layers of the coast streain down to a cleptl-t 
of 10 rnetres was  estiinatecl at 1.4 g. glucose per cnbic metre a s  the rnini- 

rnum value foi- 3 weeks. Froin the restilts of the culture experiments we 
ohtairi coi-isiderably liigliei- values, 5.2 g. glucose per cubic metre i11 20 
da!rs, or ai1 average of 0.26 g. glucose pei- 24 hours per cubic metre. Nor 
shoulcl this valtie be too high, buf we must take into coilsideratiori that 
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probably 80 O to 90 of the products of assirnilatioil pass  into the 

ua te r  in a soluble form and a re  again quickly osydized by bacteria. 
These sesults a re  discussed in t l ~ e  final Chapter with a coinparisoi-i 

of the values found by Piitter ancl Atki~zs. 
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Tab. I. Siafion l ,  1922 March 

Depth, 111. . . . . . . . . . . . . . . . . . .  
t ° C .  . . . . . . . . . . . . . . . . . . . . . . .  
Salinity O/OO . . . . . . . . . . . . . . . . . .  
5; . . . . . . . . . . . . . . . . . . . . . . . . . .  
o, cc. 13". I.. . . . . . . . . . . . . . . . .  
Niimber of cc. coiinted . . . . . .  

Chloroplzyceae. 

Halosphaera viridis.. . . . . . . . . .  

Diafoms. 

Actiriocycliis Ehreribergii . . . . .  
Chztoceras cinciitiii . . . . . . . . . .  
- ciirvisetiirti . . . . . . . . . . . . .  
- debi le . .  . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  - decipieiis 
- sociale . . . . . . . . . . . . . . . . .  

Laiideria glacialis . . . . . . . . . . . .  
Navicirla sp. . . . . . . . . . . . . . . . . .  
Nilzschia seriata . . . . . . . . . . . . .  
- sp . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  Pleirrosigi-ria sp. 
. . . . . . . .  Skeletonenia costatiiiii 
. . . . . . .  Thalassiosira decipiens 

. . . . . . . . . . . . . . .  -- gravida..  
. . . . . . . . . .  - Nordenski6ldii 

- sp . . . . . . . . . . . . . . . . . . . . . .  
. . . .  Tha1assiotlirix nitzchioides 

Diatoiiis total riiimber 

Dictyocha fibula . . . . . . . . . . . . .  i 
. . . . . . .  Distephaniis speculiiiii. 

Cilioflagellafn. 1 
. . . . . . . . . . . . . .  Ceratitiiii fiirca. 

-- interniediiiiii . . . . . . . . . . . .  
- lineatuin.. . . . . . . . . . . . . . .  
- longipes..  . . . . . . . . . . . . . .  
- tripos . . . . . . . . . . . . . . . . .  

. . . . . . . .  Dinoptiysis actin~ixiata 
- norvegica . . . . . . . . . . .  

. . . . .  Gymnodiniiim Lohrrtanni 
Peridiniiini cp. . . . . . . . . . . . . . . .  

Profozorr. I I 

. . . . . . . . . . . . . . .  Laboea conica 
-- coi~stricta . . . . . . . . . . . . . . .  
- strobil;~. . . . . . . . . . . . . . . . .  
-- vestita.. . . . . . . . . . . . . . . . .  

. . . . . . .  Lohinanniella oviforrnis 
Mesodiniiirn . . . . . . . . . . . . . . . .  
Tintinnopsis cp. . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  Naiiplii 
Microsetella atlailtica . . . . . . . . .  i 
Fritillaria borealis . . . . . . . . . . . .  ' I 
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Tab, I l .  Stnfion 2. 1922 Mnrch 2. 
- - 

13.11-14.33p.m. 20' W.  of Lys0 (N. fiOO 19', E. 4O 17'). 

. . . . . . . . . . . . . . . . . . .  Depth, m.  
tOC. . . . . . . . . . . . . . . . . . . . . . . . .  
Salinity Oloo . . . . . . . . . . . . . . . . .  
3: . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  O y  Cc.I)r. 1. 
. . . . . .  Nuinbers of cc. coiinted 

- -. 

Diatonis. 
. . . . . .  Actinocyclus Ehrenbergi 

. . . . . . .  Biddulphia mobiliensis 

. . . . . . .  Coscinodiscus radiattis. 
. . . . . . . . . . . . .  Hyalodiscus sp. .  

Navicula sl). . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  Nitzschia seriata. 
. . . . . . . . . . .  Paralia sulcata -1- 

. . . . . . . .  Skeletonerna costatuni 
. . . . . . .  Thalassiosira decipiens 

. . . . . . . . . . . . . . .  .- gravida.. 
. . .  Thalassiothrix nitzschioides 

. . . . . . .  Diatonis, total nuttiber.. / 100 

Cilioflagellnta. 
. . . . . . . . . . . . . .  Ceiatiiini fiirca. 

- filsus.. . . . . . . . . . . . . . . . . .  
- longipes.. . . . . . . . . . . . . . .  

. . . . . . . .  Gonyaiilax spinifera.. 
. . . . .  Gymnodiniuni Lohmaiii-ii 

. . . . . . . . .  Peridinititn divergens 
- sp . . . . . . . . . . . . . . . . . . . .  

I12filsorin. 

. . . . . . . . . . . . . . .  Laboea conica 
- . . . . . . . . . . . . . . .  emergens 
- vestita . . . . . . . . . . . . . . .  

. . . . . .  Loliri-ianniella oviforrnis. 
. . . . . . . . . . . . . . . . .  Mesodinium 

Tintinnogsis sp.. . . . . . . . . . . . . .  
Tintirinus acurninat~is. . . . . . . . .  

Mefazon. 
. . .  Pseudocalaniis eloiigatiis 

. . . . . . . . .  Larvae of Annelida.. I 
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Tab. 111. St. 3. 1922. March 2. 18.24--19.37 p.m. 40' W. of Lyso. (N 6'0" 14'. E. L. 3" 38) 

! 
Depth m.. . . . . . . . . . . . . . . . . . . .  0 
TOC . . . . . . . . . . . . . . . . . . . . . . . .  - 
Salinity " I ~ , O  . . . . . . . . . . . . . . . . . . .  

3; - . . . . . . . . . . . . . . . . . . . . . . . . . .  
02;cc gr. 1.. . . . . . . . . . . . . . . . . . .  - 

Ntitnbers of cc coiinted.. . . . . .  50 
-- ~--. .- .- --- . 

~ - . - 

Diatot~zs. 
Actinocycl~is Ehrenbergi . . . . . .  
Biddulphia sinerisis.. . . . . . . . .  i - 
Coscinodiscits centralis . . . . . . .  I 20 

.- excentriciis. . . . . .  20 
-- radiatiis . . . . . . . . .  

Lalideria glacialis . . . . . . . . . . . .  
Navictila sp. . . . . . . . . . . . . . . . . .  
SI<eletoneii~a costatiim . . . . . . . .  
Thalassiosira decipieiis . . . . . . .  

- gravida . . . . . . . . .  
-- 

Cilioflngellrita. 1 
Ceiatiiin~ furca..  . . . . . . . . . . . .  j 40 

.- fusus . . . . . . . . . . . . . . . .  ' - 

-- longipes . . . . . . . . . . . . .  -- 

-- tripos - . . . . . . . . . . . . . . .  
Deriophysis acuiiiiiiata. . . . . . . .  20 

- .. acuta - . . . . . . . . . . . . . .  
- norvegica . . . . . . . . . .  , - 

Goiiyaiilax spirlifera . . . . . . . . . . .  - 
. . .  Ciyri-inodiniiini Lohiiianiiriii. -- 

. . . . . . . . .  I'eridii~iiim ciassipes 20 
- palliduni . . . . . . . . .  - 

. . . . . . . . . . . . . .  SP.. l 20 

Infusorin. 
Laboea conica . .  . . . . . . . . . . . . . .  -- 

- constricta . . . . . . . . . . . .  - 

--. strobila - . . . . . . . . . . . . . .  
- vestita . . . . . . . . . . . . . . .  60 

. . . . . . . .  Lohiiiaiitiiella oviforniis 40 
Mesodiiiiuin . . . . . . . . . . . . . . . . .  60 
Titititinopiis op.. . . . . . . . . . . . . .  - 

. . . . . . .  Tintinniis aciiniinatus.. N - 
l 

Metazon. i 
Naiiplii of Copepoda..  . . . . . . .  - 
Microsetella atlantica . . . . . . . . . .  - 

Larvae of Ecliinodermata . . . . .  



, -  - - 
- -  . .~.. 

. . . . . . . . . . . . . . . . . .  Depth, ni . .  1 
t ° C  . . . . . . . . . . . . . . . . . . . . . . . .  4.55 

~~ P- . ...~ 

Ilalospliæra viridis . . . . . . . . . . .  

Cliaetoceras cinctiini . . . . . . . .  2 200 
compressiit~i . . . . . . . . . . . .  160 

- debile . .  . . . . . . . . . . . . . . . .  680 
Coscinodisciis radiatiis . . . . . . .  
Lauderia glacialis. . . . . . . . . . . . .  600 
Nitzschia seriata . . . . . . . . . . . . .  280 
Naviciila cp. . . . . . . . . . . . . . . . . .  
Rhizosolenia Shrtibsolei.. . . . . .  

Tlialassiosira decipiens . . . . . . .  - 

-- gravida..  . . . . . . . . . . . . . . .  520 
- Nordenskioldii . . . . . . . . . .  440 

Tl-ialassiothrix nitzschioides . . .  160 

Dictyoclia fibi~la . . . . . . . . . . . . .  
. . . . . . . .  Distepliaiiiis speciiliiiii 

Ceratiiini firrca. . . . . . . . . . . . . . .  
- tripos . . . . . . . . . . . . . . . . . .  

Gonyaiilas spinifera. . . . . . . . . .  
Gyriinodiniiini Lohmanni . . . . .  

I'eridiiiiiirn ovatiiiii . . . . . . . . . . .  - 
SP . . . . . . . . . . . . . . . . . . . . . .  

Toroclirliiriii robiisttiii~ . . . . . . . .  

Laboea conica . . . . . . . . . . . . . . .  
- constricta.. . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  - - -  strobila..  - 

Lohinanniella oviforiilis . . . . . . .  
Mesodiniiim . . . . . . . . . . . . . . . .  1 080 
Tiiitirii~opsis cp. . . . . . . . . . . . . .  

Oikoplettra. . . . . . . . . . . . . . . . . . .  

i 
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Tab. V. Sfation 5, 1922, Marclz 13. By Kaartveit, itlsides the islnnds. 

Depth ni.. . . . . . . . . . . . . . . . . . . .  i O 
to  C. .  .- . . . . . . . . . . . . . . . . . . . . . . .  
Salinity O!OO . . . . . . . . . . . . . . . . . .  , - 

s; s . . . . . . . . . . . . . . . . . . . . . . . . .  ~ - . . . . . . . . . . . . . . . .  0 2 , c c p r . l  l - 

Niimber of cc coiinted . . . . . . .  100 
-. -- -- 

Eiitreptia Lanowii . . . . . . . . . . . .  A 

Biddtrlphia atirita . . . . . . . . . . .  
Chaeioceras boreale..  . . . . . . . .  
- cinctiini . . . . . . . . . . . . . . . .  
- constrictiini . . . . . . . . . . . . .  
- ciirvisettim. . . . . . . . . . . . . .  
- debile . . . . . . . . . . . . . . . . . .  
- decipieiis . . . . . . . . . . . . . . .  
- diadema.. . . . . . . . . . . . . . .  
- laciniosiiiii . . . . . . . . . . . . . .  
- simile . . . . . . . . . . . . . . . . . .  
- scolopendra.. . . . . . . . . . . .  
- sociale . . . . . . . . . . . . . . . . . .  
- siibtile.. . . . . . . . . . . . . . . . . '  
- co1111~ress111~i . . . . . . . . . . . .  

Detoniila eonfervacea.. . . . . . . .  
Dityltiii~ Brightwelli . . . . . . . . . . .  
Laiideria glacialis . . . . . . . . . . . .  
Leptocylindrus daniciis . . . . . . .  
- iiiinin~us . . . . . . . . . . . . . . . .  

Nitzschia delicatissinia. . . . . . . . .  
- seriata.. . . . . . . . . . . . . . . . .  1 

. . . . . . . .  Rhizosolenia seinispina 
- setigera.. . . . . . . . . . . . . . . .  i 

Skeletonema costatiii~i . . . . . . . .  
Thalassiosira decipiens . . . . . . .  
- gravida.. . . . . . . . . . . . . . . .  ; 
- Nordenskioldii . . . . . . . . . .  
- minor'. . . . . . . . . . . . . . . . . .  
- qiiadrata.. . . . . . . . . . . . . . .  

Tliaiassiothrix iritzchioides . . . .  : 
Diatoirrs, total nuillber 100 645 
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Tab. V. Station 5. Continued 

Depth ni.. . . . . . . . . . . . . . . . . . . .  
t o  C . .  . . . . . . . . . . . . . . . . . . . . . . .  
Salinity ?/OO . . . . . . . . . . . . . . . . . .  
3; . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  O,, cc pr. I .  
. . . . . . .  Nirmber of cc coiinted 

Cilioflagellafa. 
Ceratiiiiii furca.. . . . . . . . . . . . . .  
- fusi1s.. . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  - iongipes.. 
-- . . . . . . . . . . . . .  iiiacroceros 
- tripos.. . . . . . . . . . . . . . . . . .  

Dinophysis aciita . . . . . . . . . . . . .  
norvegica . . . . . . . . . . . . . . .  

. . . . .  Gymnodiniuni Lolrti~anni 
Gyrodininni cp.. . . . . . . . . . . . .  
Peridiniiim pellucidiiti~ . . . . . .  
- sp . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . .  Torodiniilni robiistririi. 

Infiisoria. 1 
. . . . . . .  Cyttarocylis denticillata I 

. . . . . . . . . . . . . . .  Laboea conica 
- strobila.. . . . . . . . . . . . . . .  1 

. . . . . . . . . . . . . . .  -- vestita.. 
. . .  Lohmannielia oviformis ' 1  - spiralis. .  . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  Mesodiniiitri 
. . . . . . . . . . .  Ptychocylis iirniila 

. . . . . . . . . . . . .  Tintinnopsis sp..  1 
P- 

-- - 
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Tab. VI. Station 6, 1922 Marclz 14. Kaartveit, inner harbour. 
....-..... . ..-p- -- - -p 

Depth, ril. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t o  C . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Saiiiiiiy D / o i ~  

Pleurosigma sp.. . . . . . . . . . . . . . . . . . . . . . .  

- gravida . . . . . . . . . . . . . . . . . . . . . . . . .  
- Nordenskioldii . . . . . . . . . . . . . . . . . . .  

l 1 
Distephai~iis speciiliirii . . . . . . . . . . . . . . . . .  120 i - 80 160 

Cilioflagellata. 

Diplopsalis lenticiila . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Gymnodiniiini Lolinianni 

. . . . . . . . . . . . . . . . . . . . . .  Gyrodiniiiiil sp . .  
Peridinium sp. . . . . . . . . . . . . . . . . . . . . . . . .  
Torodiniiriii robiistiiiii . . . . . . . . . . . . . . . .  

I~lftrsoria. 

Laboei1 conica . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  - coristricta.. 

. . . . . . . . . . . . . . . . . . . . . . . . .  - strobila 

. . . . . . . . . . . . . . . . . . . . . . . . .  - vestita,. 
- elegans . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  Lohmanniella oviforiiiis. 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Mesodinilin~ 

I 
Naiiplii of Copepoda..  . . . . . . . . . . . . . . . .  40 - 80 
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Tab .  VII. Station 7, 1922 ~tlarch 17. Kaartveit, inside tlzc islands. 

3: . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  O,, CC. ]IT. 1. 

. . . . .  Niiinber of cc. couiited 

-- -. - - ---P - ...... -~ 

Diatoms. 
Biddiilphia aurita.. . . . . . . . . . . .  l 
Chaetoceias boreale . . . . . . . . . .  ' 
- constrici-iinr . . . . . . . . . . . . .  
- citrvisetiitii . . . . . . . . . . . . .  
- debile . .  . . . . . . . . . . . . . . . .  
- decipiens . . . . . . . . . . . . . . .  
- laciniosiirn.. . . . . . . . . . . . .  
- sociale'. . . . . . . . . . . . . . . .  
- teres . . . . . . . . . . . . . . . . . . .  

. . . . .  Coscitiodiscus concinniis. 

. . . . .  Coscinosira ~~olyc l io rda . .  
Laiideria glacialis . . . . . . . . . . . .  
Leptocylindriis daniciis . . . . . . .  
Navicula sp. . . . . . . . . . . . . . . . . .  
Nitzschia Closteriiitii . . . . . . . . .  
- delicatissima . . . . . . . . . . . .  
- seriata.. . . . . . . . . . . . . . . . .  

. . . . . . .  Rhizosolenia seriiispiiia 
. . . . . . . . . . . . . . .  1 - setigera.. 

i Skeletonema costatiiiii . . . . . . . .  
. . . . . . .  / Tlialassiosira decipiens 

. . . . . . . . . . . . . . .  - gravida..  
. . . . . . . . . .  - Nordenskioldii 

- 
l SP . . . . . . . . . . . . . . . . . . . . . .  

l Distephanus specilliini 

Ceiatiiiiri fiirca.. . . . . . . . . . . . . .  - - 

-- fusus - - . . . . . . . . . . . . . . . . . . .  
Dinophvsis aciiiiiinata . . . . . . . .  - - . . - norvegica . . . . . . . . . . . . . .  

. . . . .  Gytiinodiniiim Lohnianiii 
Peridinium pelliicidiini . . . . . . .  
- Steinii.. . . . . . . . . . . . . . . . .  
-- SP. . . . . . . . . .  

Inj~rsoria. 
. . . . . . . . . . . . . . .  aboea coiiica 

strobila . . . . . . . . . . . . . . . . .  
vestita . . . . . . . . . . . . . . . . . .  

. . . . . .  imaniiiella ovifoii~iis. 
sodiriiiini . . . . . . . . . . . . . . . . .  
chocylis iirniila . . . . . . . . . . .  

~~ . - 
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Deptli 111. . . . . . . . . . . . . . . . . . . . .  
To C . . . . . . . . . . . . . . . . . . . . . . . .  
Salinity " o:. . . . . . . . . . . . . . . . . . . .  
5; . . . . . . . . . . . . . . . . . . . . . . . . . .  
O:? cc. pr. 1. . . . . . . . . . . . . . . . . . .  

. . . . . .  Niiinber of cc. Coiliiteii. 

Actinocyclris Ellrenbergi 
. . . . . .  Asteromphaliis lieptactis 

Biddiilphia aiirita. . . . . . . . . . . . .  
Chaetoceras borcale . . . . . . . . . .  
-- coi~strictiiiii . . . . . . . . . . .  
- convoliitiiin . . . . . . . . . . .  

. . . . . . . . . . . . . .  ---- ciirvisetrini 
-- debi le . .  . . . . . . . . . . . . . . . .  
- decipieiis . . . . . . . . . . . . . . .  
- diadenia..  . . . . . . . . . . . . .  
- laciiiiosirrii . . . . . . . . . . . . . .  

. . . . . . . . . . . .  scolopendra. 

. . . . . . .  Coscinodisciis radiatiis. 
. . . . .  Coscinosira ~,oiycIiorda..  

. . . . . . . . . .  Diiyliiri~ Brightwelli 
Latideria glaeialis.. . . . . . . . . .  

. . . . .  Leptocylindriis ctaniciis 
Navici~la sp. . . . . . . . . . . . . . . . . .  
Nitzscliia Closteriuin . . . . . . . . .  

delicatissima 
- seriata . . . . . . . . . . . . . . . . . . .  

Plei~rosigiiia affine . . . . . . . . . . .  
cp . . . . . . . . . . . . . . . . . . . . . .  

. . . . . .  Rliizosolertia calcar avis 
- - sernispina . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  - setigera.. 
Slteletonel~~a costatiriii . . . . . . . .  
Tlralassiosira gravida . . . . . . . . .  

. . . . . . . . . .  --  Nordetiskinldii 
. . .  Thalassiothrix iiitzschioidcs 

Diatoms, all species together.. 198 400 

Ceratitlm furca..  . . . . . . . . . . . . .  
- flisiis.. . . . . . . . . . . . . . . . . .  
- longipes..  . . . . . . . . . . . . . .  
~- 

i 21. 60° 21' N.Lal 4"16' E. GI-. (20 miles W. c?l; Lysa). 
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Tab. VIII .  Station 8. Continued, 

Dept11 m.  . . . . . . . . . . . . . . . . . . . .  
TOC . . . . . . . . . . . . . . . . . . . . . . . .  
Salinity ",',iii . . . . . . . . . . . . . . . . . .  
3- . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  0 2  cc. pr. 1. 
. . . . .  Ntiiliber of cc. Colinted.. 

. . . . . . . . .  Ceratitirir inacroceros 
- tripos . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . .  Olei~odii~iiirii bipes 
. . . . .  Gyintiodiiliiiiil Lohilianni 

Peridiriium divergens . . . . . . . .  
- pellticidum . . . . . . . . . . . . .  

iilfnsorin. 
Cyttarocylis de~iticiilata . . . . . . .  
Laboea crassitla . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  -- strobila.. 
- vestita . . . . . . . . . . . . . . . . . .  

. . . . . . .  Loiiii~aiiniella oviforinis 
Mesodii~itis~~ . . . . . . . . . . . . . . . . .  

. . . . . . . . . .  Ptychocylis iirriula.. 
Tintiriilopsis cp..  . . . . . . . . . . . . .  
Ii~fi~soria ii~cleternliliata . . . . . . .  

Olobigeriiia biilloides . 

Naiil~lii of Copepoda . . .  
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Diafoms. 
Actiiiocycliis Elirenbergi 
Biddiilplriia aiirita 
Chaetoceias boreale . . . . . . . . . .  
- coiistrictiini . . . . . . . . . . . . .  
- convoliitiim . . . . . . . . . . . . .  
-- cul-visetiirli . . . . . . . . . . . . .  

- scolopendra . . . . . . . . . . . .  

Coscinodisciis radiatlis. . . . . . .  -- 

Coscinosira polyciiorda. . . . . . . .  - 

Laiideria giacialis . . . . . . . . . . . .  

Nitzschia cleIicatissinia. . . . . . . .  
- seriata..  . . . . . . . . . . . . . . . .  2 200 

Ttialassiosira detipiens . . . . . . .  

Distephanns speciiliii~i . . . . . . . .  

Cilioflageiia fa. 
Ceiatiunl Ciirca.. . . . . . . . . . . . . .  
-- frrsiis . . . . . . . . . . . . . . . . . . . .  

ii~teriiiediiii~r . . . . . . . . . . . .  --- 

- longipes..  . . . . . . . . . . . . . .  
- ~i~acroceros . . . . . . . . . . . . .  

tripos . . . . . . . . . . . . . . . . . .  
a a . . . . . . . .  Dii~opl~ysis aciiiiriri, i 

- norveglca . . . . . . . . . . . . . . .  
Cileriodii~irrin bipes. . . . . . . . . . .  
Gonyaiilax spinifera . . . . . . . . . .  
Gyinllodiriiut~~ Loh!i:ai-ini 
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Tab. IX. Station 9. Continued. 

Depth 111.. . . . . . . . . . . . . . . . . . . .  
t o  C . . . . . . . . . . . . . . . . . . . . . . . . .  
Salinity !"oo . . . . . . . . . . . . . . . . . .  
5; . . . . . . . . . . . . . . . . . . . . . . . . . .  
o . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . .  Niiiiibei- of cc. coilted 

Infirsorin. 
. . . . . . .  Cyttaiocylis deritictilata 

Laboea aciiniiiiata . . . . . . . . . . . .  
-- conica. . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  -- crassiila 
- s t robi la . .  . . . . . . . . . . . . . . .  
- vesti ta. .  . . . . . . . . . . . . . . . .  

. . . . . . .  Lohiiiaiiniella oviforinis 
. . . . . . . . . . . . . . . . .  Mesodiiiiitm 

I->t)rcliocylis urniila.. . . . . . . . . . .  
Tintinnopsis cp. . . . . . . . . . . . . .  

. .  I Naiiplii of Copepoda.  
P - -- 

20 
- 
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Tab. X. Siaiion 10, 1922, March 21-22. 60') 9' N. iaf., 2" 58' E. Gr. 60 ritiles W.  of Lj~sm. 

Deptl~, ril. . . . . . . . . . . . . . . . . . . .  , to C. . . . . . . . . . . . . . . . . . . . . . . . .  
I Salinity " ~ O O  . . . . . . . . . . . . . . . . . .  
3; . . . . . . . . . . . . . . . . . . . . . . . . . .  
01 cc. pr. I .  . . . . . . . . . . . . . . . . .  

l Nuiiiber of cc. coiinted.. . . . . .  

Dic~tonzs. 
. . . . . . . .  Cerataiiliiia Bergonii 

. . . . . . .  Chaetoceras atlanticiiii~ 
. . . . . . . . . . . . . . .  - boreale..  

- . . . . . . . . . . . .  compressiiiii 
. . . . . . . . . . . . .  - constrictum 

. . . . . . . . . . . . . . .  - decipieiis 
- teres . . . . . . . . . . . . . . . . . . .  

Coscinodisciis excentriciis. . . . .  
- radiatiis.. . . . . . . . . . . . . . . .  

Dactyliosoleii aiitarcticiis. . . . . .  
Lauderia glaeialis . . . . . . . . . . . .  
Navictrla sp. . . . . . . . . . . . . . . . . .  
Nitzschia Closteriiiiii . . . . . . . . .  

. . . . . . . . . . . .  - delicatissima 
-- paradoxa . . . . . . . . . . . . . . .  

Paralia sulcata . . . . . . . . . . . . . . .  
Pleurosigtila affine . . . . . . . . . . .  
Nitzsch!a seriata.. . . . . . . . . . . . .  
Tlialassiosira biociilata. . . . . . . .  
- gravida . . . . . . . . . . . . . . . . .  

. . . . . . . . . .  -- Nordeiiskiold!i 
Thalassiotlirix nitzschioides . . .  

Diatoms, all species togetlier. . 

Distephaniis spec~iliinr . . . . . . . .  

Ceratiiitii frisiis. . . . . . . . . . . . . . .  
-- ititermediiirii . . . . . . . . . . . .  

1 Dinophysis rotiiiidata. . . . . . . . .  
. . . . .  Gyriiiiodiniiim Lohinaiini 

Peridiniiini cp. . . . . . . . . . . . . . . .  

Laboea coriica . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  -- crassula 
. . . . . . . . . . . . . . . .  - vestita. .  

Mesodiriiutil . . . . . . . . . . . . . . . . .  
. . . . . . . . .  Strombiditrni aciitiinr 

Tiritinnopsis cp. . . . . . . . . . . . . . .  
Tintiniius aciirriiiiatiis . . . . . . . . .  

Oitlioiia sirsiilis . . . . . . . . . . . . . .  
Fritillaria borealis . . . . . . . . . . . .  



2O 19' E. Gr. 80 iitiles W. of Lysa. 

7;  . . . . . . . . . . . . . . . . . . . . . . . . . .  
o, cc. 17'. l. . . . . . . . . . . . . . . . .  

. . . . .  Ntiitiber of cc. cetirited.. 

Aslerionella japonica . . . . . . . . .  
Geratairliiia Bergonii . . . . . . . .  

. . . . . . .  Cliiietoceras atlantictiill 
-- boseale..  . . . . . . . . . . . . . . .  
- . . . . . . . . . . . .  coI1l~3I'esstIill 

. . . . . . . . . . . . . . .  - ciecipieirs 
. . . . . . . . . . . . .  -- diadenra..  

. . . . . . . . . . . . .  . - iaciniosilni 
- l~eritviatltinl . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  - Sctiiitlii 
. . . . . . . . . . .  - sco1opei:tii-a.. 

-- debile . .  . . . . . . . . . . . . . . . .  

. . . . . .  Coscinodisciis ceiiiraliu 
. . . . . . . . . . . .  -- exceiltric~is 

-- radiaitis 
. . . . . . . . . . . .  Latideria glaeialis 

Navictila distatis.. . . . . . . . . . . .  
Nitzscliia Closieriiiin . . . . . . . . .  
- delicaticsiiiia . . . . . . . . . . . .  

-- seriata.. . . . . . . . . . . . . . . . .  
. . . . . . . . . . .  IJletirosigma rtffillc 

Skeletoiiei~ia costatilil: . . . . . . . .  - 
i halassiosira decipieiis . . . . . .  

-- 11111101' . . . . . . . . . . . . . . . . . .  
. . . . .  Thalassiotitiis longissiiila 

. . . . . . . . . . . .  - iiitzschioides 

Diatoii~s, all species togetiler 1 850 
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Tab. XI. Station l I .  Continued. 

. . . . . . . . . . . . . . . . . . .  Depth, ril. 

to C . . . . . . . . . . . . . . . . . . . . . . . . .  
Salinity O ' O O  . . . . . . . . . . . . . . . . . .  
3; . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  O ,  cc. pr. 1 . .  
. . . . . .  Nitniber of cc. coiinted 

Ceratiitrn fiirca. . . . . . . . . . . . . . .  
-- fusus . .  . . . . . . . . . . . . . . . . .  
- loilgipes.. . . . . . . . . . . . . . .  

. . . . .  Gymnodiniiini Lohinanni 
Gyrodi~iii~iii sp. . . . . . . . . . . . . . .  
Peridii~iiiiii sp. . . . . . . . . . . . . . . .  
Torodiniiini robiistiiiii . . . . . . . .  

Laboea conica . . . . . . . . . . . . . . .  
- crassula . . . . . . . . . . . . . . . .  
- strobila . . . . . . . . . . . . . . . .  
- vestita. .  . . . . . . . . . . . . . . . .  

Lolimaniiiella oviforrnis. . . . . .  
Mesodiniiim . . . . . . . . . . . . . . . . .  
Tiiitirinits aciirniilatiis. . . . . . . . .  
Uiidella pelliicida . . . . . . . . . . . .  

I Fritillaria boiealis . . . . . . . . . . . .  k 1 - -  



tntion 12, 1922. Mnrch 23. Iharfvei t ,  inside 

- laciniosiiiii 
-- scolopeiidra.. . . . . . . . . . . .  
-~-- teres . . . . . . . . . . . . . . . . . . .  

-- radiatiis . . . . . . . . . . . . . . . .  
Cosciilosira poly cllorcla . . . . . . .  
Eilcampia groenlandica . . . . . . .  
Lauderia glacialis . . . . . . . . . . . .  
Le~tocylindri~s daniciis . . . . . . .  

Ceratiiirn fiirca. . . . . . . . . . . . . .  
- fusus. .  . . . . . . . . . . . . . . . .  
- lineatiinl . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  - longipes..  
macrocesos . . . . . . . . . . .  

-- tripos . . . . . . . . . . . . . . . . .  
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Tab. XII. Station 12. Continued. 

conica. . . . . . . . 



[Rep  Nu~.w.  Fis l~ .  III 
- 

Tab. XIII. Stntion 13, 1922 March 28. Knartveif, inside the islands, 

Depth in. . . . . . . . . . . . . . . . . . . . .  1 
. . . . . . . . . . . . . . . . . . . . . . . .  " C  1 4.19 

Salinity Oioo . . . . . . . . . . . . . . . . . .  33.29 
. . . . . . . . . . . . . . . . . . . . . . . . .  1 26.425 

01 cc. pr. 1.. . . . . . . . . . . . . . . . . .  1 8.39 
. . . . .  Number of cc. Coiinteci.. i (100) 20 

...--p- -- - I - - - ~  
p---- --- ~ . .p~~~ppp~ ~ . ~- 

Diatoilis. 

Bidcliilphia atirita. . . . . . . . . . . . .  - 
. . . . . . . . . .  Chaetoceras boreale - 

C O I I I ~ ~ ~ ~ S S L I I I - ~  . . . . . . . . . . . .  p- 

. . . . . . . . . . . . .  - constrictttiii 400 
- ciirvisetiini . . . . . . . . . . . . . .  -. 

. . . . . . . . . . . . . . . .  - debile . .  - 

. . . . . . . . . . . . . . .  - decipiens 300 
- diadema. .  . . . . . . . . . . . . . .  5 700 
- laciniosiiiii . . . . . . . . . . . . . .  2 200 
- teres . . . . . . . . . . . . . . . . . . .  -- 

. . . . . . .  Coscinoeiscus radiatus - 
Lauderia glacialis . . . . . . . . . . . .  - 

. . . . . . .  Leptocylindr~is daiiiciis. 200 
. . . . . . . . . . . . . . . . .  Naviciila cp. - 

. . . . . . . .  Nilzschia delicatissinia - 
- seriata..  . . . . . . . . . . . . . . . .  3i?O 

Rliizosolenia seiirispiiia . . . . . . .  1 250 
. . . . . . . . . . . . . . .  - setigera.. ; - 

Skeletoneina costatuni . . . . . . . .  6 400 
Thalassiosira gravida . . . . . . . .  900 

. . . . . . . . . .  -- Norderiskiøldi 23 O00 
. . .  Thalassiotkrix nitzschioides - 

. . . . . . . . .  Diatoiiis, all species 

Distephaniis specultirii . . . . . . . .  i - - 200 ~ - I - 
-- -- 

l l 
Cilioflngella fn. 

. . . . . . . . . . . . . . .  Ceratitini fiirca 
- fustis . . . . . . . . . . . . . . . . . . .  
-- lii~eattim . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  - longipes..  
. . . . . . . . . . . . . . . . . .  -- tripos 

. . . . . . . .  Dinopliysis aciin-iiriata 
- aciita. .  . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  norvegica 

. . . . . . . . . . . . . . .  -- rotitridata 
. . . . . . . .  Diplopsalis lenticiila.. 
. . . . . . . .  Gonyaiilax polyedra.. 

. . . . . . . . . . . . .  - spinifera.. 
. . . . . . . . . .  Glenodinium billes 
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Gyrodiniiir~i cp .  . . . . . . . . . . . . . . .  '720 

Periditiiiiir~ coi~icii~ii . . . . . . . . . .  

ovatiiiii . . . . . . . . . . . . . . . . .  

Torociiniiirn robustilm . . . . . . . .  

Cytiarocylis clenticiiiata . . . . . . .  
baboea ac~imiiiaia . . . . . . . . . . . .  

- crassula . . . . . . . . . . . . . . .  
-- sirobila.. . . . . . . . . . . . . . . . .  

vestita . . . . . . . . . . . . . . . . . .  

Rotatoria - 30 10 -- 

F~itillaria bor ealis - 30 10 
-p - - - - - - -p - - 



Tab, XIV. Station 14 1922 March 31. Kaartveit, inside the islanlis. 

- . . - 

Asterioiiella japonica . . . . . . . . .  : 
Biddiilpha aurita . . . . . . . . . . . . .  

. . . . . . . .  Cliaetoceras bo rea le . .  : - 
c o i ~ i ~ ~ r e s s i i i ~ i  . . . . . . . . . . . .  

- constrictiirri . . . . . . . . . . . . .  - . 
- curviseti~rii . . . . . . . . . . . . . .  160 : 760 

- dec ip iens . .  . . . . . . . . . . . . .  

- laciniosi~ni . . . . . . . . . . . . .  4-10 300 : 18 
-- teres . . . . . . . . . . . . . . . . . . .  

- radiattis . . . . . . . . . . . . . . . .  
Dastyliosolen tenitis . . . . . . . . . .  -- 

Eiicampia Zoodiaciis . . . . . . . . .  

Leptocylindrus danicus . . . . . . .  - 

inininiiis . . . . . . . . . . . . . . .  
Naviciila cp. . . . . . . . . . . . . . . . . .  - 

Khizosolenia faroeerisis . . . . . . .  

setigera . . . . . . . . . . . . . . . . .  

Thalassiosira biociilata. . . . . . . .  

Diiiopliysis aciiininata . . . . . . . .  

. . . . . . . . . . . . . .  Ceratiiiiil fiirca. 
l f u s u s . .  - . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  - longipes 

p- -p.-p.-.- ... ... ... 
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Tab. XIV.. Stat. 14. Continued. 

Dept11 . . . . . . . . . . . . . . . . . . . . . . .  
t o  C . . . . . . . . . . . . . . . . . . . . . . . . .  
Salillity O,'~O . . . . . . . . . . . . . . . . . .  
5 T . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

. . . . . . . . . . . . . . . .  O, cc. p r  1.. 
Niiniber of cc. courited.. . . . . .  

-~ -~ - -  ~ -- - ~ .  ~~ 

. . . . . . . . .  Ceratiiiiri macroceros 
-- tripos . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  Diplopsalis leilliciila. 
Gonyaulax spinifera.. . . . . . . . .  
Gyiiinodiniiim Lolirnai~riii . . . . .  
Gyrodiiliiim cp. . . . . . . . . . . . . . .  
oxytoxitm ~ 1 3 .  . . . . . . . . . . . . . .  
Peridiniiim coi~ictiiii . . . . . . . . . .  
- ciepressuiii . . . . . . . . . . . . . .  
- divergei~s . . . . . . . . . . . . . . .  
- ovatum . . . . . . . . . . . . . . . . .  
- pallidiim . . . . . . . . . . . . . . .  ' 

. . . . . . . . . . . . .  - pelliicidiiiii 
- pyriforme.. . . . . . . . . . . . . .  - 
- SP. . . . . . . . . . . . . . . . . . . . . .  120 - 

Torodiriiurn robiistitni . . . . . . . .  - 

Irlfusoria. 

Cyttarocylis denticulata . . . . . . .  10 
Laboea aciimiiiata.. . . . . . . . . . .  - 
- C O I I I C ~  . . . . . . . . . . . . . . . . . .  -- 
- crassiila . . . . . . . . . . . . . . . .  -- 
- strobila . . . . . . . . . . . . . . . .  ---- 

- vestita.. . . . . . . . . . . . . . . . .  - 
Lolimanniella oviforniis . . . . . . .  - 
Mesodinium . . . . . . . . . . . . . . . . .  
Ptychocylis iiriiiila . . . . . . . . . . .  - 
Tintinriopsis cp. . . . . . . . . . . . . . .  
Rotatoria . . . . . . . . . . . . . . . . . . . .  
Naiiplii of Copepoda. . . . . . . . .  
Fritillaria borealis . . . . . . . . . . . .  



Tab. XV. Sfntion 15, 1922. April 7 .  20 miles W. of Lysø. 

. . . . . . . . . . . . . . .  

Dinfoms. 
Biddiilphia aiirita.. . . . . . . . . . . . .  

compressnm . . . . . . . . . . . .  
- constrictum . . . . . . . . . . . . .  l 

- decipiens.. . . . . . . . . . . . .  -- 

- diadenla..  . . . . . . . . . . . . . .  
- 

- scolope~idra..  . . . . . . . . . . .  - 
-- sociale . . . . . . . . . . . . . . . . .  
- -- , spores - . . . . . . . . . . .  

l 
! - teres . . . . . . . . . . . . . . . . . . . .  - 

Coscinodisciis radiatlis,. . . . . . .  -- 

R1iizosolenia Fzroeensis . . . . . .  t - 

seniisl~ina. . . . . . . . . . . . . . .  

, spores . . . . . . . . . .  
sp . . . . . . . . . . . . . . . . . . . . . .  

Cifiofkzgclln fa. 

-. fuslis.. . . . . . . . . . . . . . . . . .  -- 20 - 

- longipes..  . . . . . . . . . . . . .  60 80 60 
~~~acroce 'os  . . . . . . . . . . . . .  20, - 4 0 

. . . . . . . . . . . . . . . . . .  - tripos 10 20 60 
Diilophysis acuta . . . . . . . . . . . .  20 - 20 

. . . . . . . . . . . . . .  norvegica.. 60 40 160 
Gonyaiilax spinifera. . . . . . . . . .  .- u - 

. . . .  / Gyrrinodiniriiri Lolinian~ii.. 120 340 480 
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Tab. XV. Station 15. Continued. 

Debth, in. . . . . . . . . . . . . . . . . . . .  
Teri~perature . . . . . . . . . . . . . . . . .  
Saliriity Olco . . . . . . . . . . . . . . . . . .  
3- . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oxygen, cc. pr. I .  . . . . . . . . . . . . .  
Ntirnber of cc. pr. couiited . . . .  

Peridiiiittin depiessuni . . . . . . . .  
- o v a t ~ i i i ~ . .  . . . . . . . . . . . . . . .  
- pal li di in^. . . . . . . . . . . . . . . .  
- SP . . . . . . . . . . . . . . . . . . . . . .  

1 Torodiniiini robi~stiini . . . . . . . .  

l 
i Inftrsorin. 

. . . . . . .  1 Cyttarocylis denticiilata 
/ Laboea coilica . . . . . . . . . . . . . . .  
/ I . . . . . . . . . . . . . . . .  crassiila 
' - strobila.. . . . . . . . . . . . . . . .  
- vestita.. . . . . . . . . . . . . . . . .  

. . . . . . .  Loliinaiiriiella oviforniis 
- spiralis . . . . . . . . . . . . . . . . .  



Tab XVl .  Sfation 16. 1922, April 7. 60° 18' N. Int. 3O 37' E. Gr. 40 17ziles W. of Lysa. 
- -. ~ 

. . . . . . . . . . . . . . . . . . . .  Depth, m. I 
Tempeiatiire . . . . . . . . . . . . . . . . .  I 

Salinity O,'OO . . . . . . . . . . . . . . . . . .  
3- . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oxygen, cc. pr. 1.. . . . . . . . . . . . .  
Niirnber of cc. coiii~teci.. . . . . .  50 

P.-- ..~~ ~ - - 

Diaioms. 
Biddiilphia aurita . . . . . . . . . . . .  
Chaetoceras boreale . . . . . . . . . .  
- conrpressuni . . . . . . . . . . . .  

constricturi~ . . . . . . . . . . . . .  -- 

- ctirvisetiiiii . . . . . . . . . . . . . .  - 

- debile . .  . . . . . . . . . . . . . . . .  
decipiens . . . . . . . . . . . . . . .  
diadema.. . . . . . . . . . . . . . .  
laciniostini.. . . . . . . . . . . . .  -- 

- scolopendra.. . . . . . . . . . . .  
- sociale . . . . . . . . . . . . . . . . .  
- teres . . . . . . . . . . . . . . . . . . .  

Leptocyliiidrrrs tlariicirs . . . . . . .  
-  nin ni mi is. . . . . . . . . . . . . . . .  

Nitzschia Closteriiin-i . . . . . . . .  . I  - 
- seriata.. . . . . . . . . . . . . . . . .  

Rhizosolenia fxroensis.. . . . . . .  - 

-- semispina. . . . . . . . . . . . . . .  
- setigera.. . . . . . . . . . . . . . . .  

. . . . . . . .  Skeletonenia costatiiiii 
Thalassiosira biociilata . . . . . . .  - 

- gravida.. . . . . . . . . . . . . . . .  
- Norderiskioldii . . . . . . . . . .  
- spores - . . . . . . . . . . . . . .  
-- sp . . . . . . . . . . . . . . . . . . . . . .  

Thalassiothrix riitzscliioides . . .  

. . . . . .  Diatoms, total niiinber.. 
- - 

Cilioffagellafa. 

Ceratiuril fiirca. . . . . . . . . . . . . .  . :  20 . -10 
- fustts.. . . . . . . . . . . . . . . . .  . i  20 -- 

- interii~edi~itii . . . . . . . . . . . .  
- loiigipes.. . . . . . . . . . . . . . .  40 , 10 
- tripos . . . . . . . . . . . . . . . . . . .  - 40  

Diiiophysisactitiiinata . . . . . . . .  40 
- acuta . . . . . . . . . . . . . . . . . . .  
- norvegica . . . . . . . . . . . . . . .  80 

Gonyaiilax spirlifera.. . . . . . . . . .  
Gyniiiodinitim Lohriianiti . . . . .  

--.-p- - . 

1) wittr spores, 
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Tabel XYI. Station 16. Continued. 

D e l ~ t h , ~  m. . . . . . . . . . . . . . . . . . . .  
Temperatiire . . . . . . . . . . . . . . . . .  
Salinity O;OO . . . . . . . . . . . . . . . . . .  
3: . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oxygen, cc. pr. I.. . . . . . . . . . . . .  
Niiiiiber of cc. coitilted. . . . . . .  

i->eridiiiiiin~ depressiim . . . . . . . .  
-- divergens. .  . . . . . . . . . . . . .  
- ova tum. .  . . . . . . . . . . . . . . .  
- pallidirni . . . . . . . . . . . . . . .  
- pellucidiim . . . . . . . . . . . . .  
- cp. . . . . . . . . . . . . . . . . . . . . .  

Phalacroma rotundatiini . . . . . .  
Torodini~iiii robiistiim . . . . . . . .  

Laboea conica . . . . . . . . . . . . . .  
- crassiila . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  - strobila. .  
- vesti ta. .  . . . . . . . . . . . . . . .  

Lolirna~iniella oi~ifortiiis . . . . . .  
Mesodiniun~ . . . . . . . . . . . . . . . .  
Ptychocylis itrniila . . . . . . . . . .  
Tintinnus acuminatiis . . . . . . .  
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Tab. XVII. Staliotz 17, 1922. April 7 .  60° 17' N .  lat. 2' 55' E. Gr. 60 nziles W. of Lysa. 

Biddulphia aurita 
Ceratatrlina Bergo 
Chaetoceras atlant 

- coi~voliititm 
- ciirvisetiim 

.- -- 

i - delicatissiina 

Ceratiifm furca 
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Tab. XV11. Station 17. Continuecl. 

Depth, m. . . . . . . . . . . . . . . . . . . .  i 1 
Ternperatiire . . . . . . . . . . . . . . . . .  1.8 
Salinity "10,) . . . . . . . . . . . . . . . . . .  33.8 
-. . . . . . . . . . . . . . . . . . . . . . . . . . .  26.8 
Nuniber of cc. coiintxi 

I 

i 
. . . . . . . . . . . . . .  Gyrodiniiim cp. 40 

Peridiniuii~ depressiii~i . . . . . . . .  ~ - I 

- ovatiiiii.. - 1 . . . . . . . . . . . . . . .  . 
: Torodiiiiiini robiistiirii . . . . . . . .  160 

l 
Inf~isorii7. 

Cyttarocylis denticirlata . . . . . . .  
Laboea actiriiinata. . . . . . . . . . . .  
- conrca. . . . . . . . . . . . . . . . . .  

eniergeiis . . . . . . . . . . . . . . .  
-- strobila..  . . . . . . . . . . . . . . .  
- vestita.. . . . . . . . . . . . . . . . .  

. . . . . .  L.olinianniella ovifol-niis. 
- spiralis . . . . . . . . . . . . . . . . .  

Mesodiriiurri . . . . . . . . . . . . . . . . .  
I'tycl~ocylis iirnula . . . . . . . . . . .  
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Tab. XVII I .  Stntiorz 18, 1922. April 19, Kaartveit, inside flle islntzds. 
- -.- - - - -~ - - .-.. 

Actii~ocycltrs Ehrenbergi . . . . . .  

-- pallidiiti~ . . . . . . . . . . . . . . .  
- pellucidtini . . . . . . . . . . . . .  

Sl,. . . . . . . . . . . . . . . . . . . . . .  

Torodiriiiiiii sp.  . . . . . . . . . . . . . .  

- vesti ta. .  . . . . . . . . . . . . . . . .  
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Tab. XIX .  Sf. 19. 1922, April 20. Of Øistese, Hurdurtger Fjord. 

Depth, 111. . . . . . . . . . . . . . . . . . . .  

i Coscinodisctis radiatus.. . . . . . .  - 

/ Coscinosira polychorda..  . . . . .  - 

: Euca~npia Zoodiacus . . . . . . . . .  - 

Diatoms, total niinlber. . . . . . . .  1 452 000 ! 

- conicuni . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  - ge~iiiiiiiin 

- ovatum..  . . . . . . . . . . . . . . .  

Phalacronia rotiindatiiiri. . . . . . .  
Protoceratiii~ii reticulatuiil . . . . .  - 40 

. . . . . . . . . . . . . . . .  strobila 
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7nb.  X X .  Siation 20. April 20, 1922. Hnrdanger Fjord, off Kvinherred church, 

! 

I Depth, ni. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  I Teiilperature 

; Salinity O/oo . . . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . . . . . . . .  

Oxygen, cc. pr. 1.. . . . . . . . .  
Niiinber of cc, coiited . . . . . . . .  

Flagellnfir. 
. . . . . . . . .  Eutreptia Lariowii.. 

Asterionella japonica . . . . . . . . .  
Cliaetoceras boreale . . . . . . . . . .  

coinpressuin . . . . . . . . .  
. . . . . . . . . . . . .  - convoliittinl 

. . . . . . . . . . . . . .  - curvisetiim 
. . . . . . . . . . . . . . . .  - debile . .  
. . . . . . . . . . . . . . .  - decipiens 
. . . . . . . . . . . . . .  -- diadema.. 

. . . . . . . . . . . . . .  - didyniuni 
. . . . . . . . . . . . .  - laciniosiim 

. . . . . . . . . . . . . . . . . . .  - teres 
. . . . . . .  Coscinodisiis radiatiis.. 

. . . . .  Coscinosira ~ ~ o l y c h o r d a . .  
. . . . . . . . .  Eticampia Zoodiaciis 

. . . . . . . . . . . .  Laiideria glacialis 
. . . . . . .  Leptocylindriis daniciis 

ininimiis . . . . . . . . . . . . . . . .  
. . . . . . . . .  Nitzschia Closteriiini. 

. . . . . . . . . . . .  - delicatissinia 
. . . . . . . . . . . . . . . .  -- seriata.. 

. . . . . . .  Rhizosoleiiia færøensis. 
- seniispina. . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  - Stolterfothii 
. . . . . . . .  Skeletoiiei~~a costatiim 
. . . . . . .  Tlialassiosira biociilata. 

- decipieiis 
- gravida..  . . . . . . . . . . . .  

. . . . . . .  -- Nordensl<ioldii 
Diatonis, total ii~iniber . . . .  

Cilioflngellrr fil. 
. . . . . . . . . . . . . .  Ceratiiiin fiirca. 

- flisiis. . . . . . , . . . . . . . . . . . .  
. . . . . . . . . . . .  - biicephaliiin 

-- Iiiieatiiii~ . . . . . . . . . . . . . . . .  
- longipes.. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  - tripos 
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Tab. XX. Station 20. Continued. 
-- p 

Depth, 1x1. . . . . . . . . . . . . . . . . . . .  
Tempeiatlire . . . . . . . . . . . . . . . . .  
Salinity"/~,,~ . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  
Oxygeii, cc. pi. i . .  . . . . . . . . . . .  
Niimber of cc. cotinted..  . . . . .  

Dinophysis acuminata . . . . . . . .  
-- acrita.. . . . . . . . . . . . . . . . . .  
-. noivtgica . . . . . . . . . . . . . . .  

Diplol~salis leiliiciila.. . . . . . . .  
Glenodii~iiim sp. . . . . . . . . . . . . .  
Gonyaiilax spiilifera . . . . . . . . . .  
Gyriinodii~iiini Loliliiai~ni . . . . .  
- Sl,. . . . . . . . . . . . . . . . . . . . . .  

Peridiniiini achroiriaticitni . . . . .  
-- depressirni . . . . . . . . . . . . . .  
-- divergerts.. . . . . . . . . . . . . .  
- geiriiiitin~ . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  - ovatiini 
- paliiduiii . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  pellucidiii~i 
-- " . . . . . . . . . . . . . . . . . . . . . .  

Phalacioma rotiindatrim . . . . . .  
Toiodiitiiiiii robiistiii-rl. . . . . . . .  

I~Efitsoria. 
. . . . . . .  Cyttaiocylis denticiilata 

- - riorvegica . . . . . . . . . . . . . . .  
Laboea coiiica . . . . . . . . . . . . . . .  
-- crassula . . . . . . . . . . . . . . . .  
-- eriiergens . . . . . . . . . . . . . . .  
- strobila. .  . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  -- vestita.. 
. . . . . . .  Loh~nanniella oviforiiiis 

Mesodirtiiini . . . . . . . . . . . . . . . . .  
. . . . . . . . . .  Ptychocylis i iri~iila. .  
. . . . . . . . .  Stronibidi~in-i aciitiirri 

Tintinnol~sis sp. .  . . . . . . . . . . . . .  
- - -~ ~ 
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Tab. X X I .  St. 21. 1922, April 20 ,  Harclanger-Fjord, off Lervik. 

. . . . . . . . . . . . . . . . . . .  Depth, 111. 
Teinperattire . . . . . . . . . . . . . . . . .  
Balinity O/no . . . . . . . . . . . . . . . . . .  
7; . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  Oxygen, cc. pr. 1. 
Number of cc. coiinted . . . . . . .  

l Flngellatn. 

. . . . . . . . . . . .  1 Eutregtia Lanocvii 

1 Diatonis. 
. . . . .  / Chaetoceras coiiipressiini 520 

I 
I - constrictuiii -. . . . . . . . . . . . . . .  ! , - 1 2 0 !  420 

ciirvisetii~ii. . . . . . . . . . . . . . .  560 : 1080 
i - d e c i p i e n s  . . . . . . . .  80 i 440 
I - diadema.. . . . . . . . . . . . . .  . i  - 1 320 

. . . . . . . . . . . .  : - scolopendra.. - 300 
i - teres . . . . . . . . . . . . . . . . . . .  - I . - 

Eiicampia zoodiacus.. . . . . . . . .  - ! - 
Leptocyliiidr~is daniciis . . . . . . .  140 1 1 080 
- tninimiis.. . . . . . . . . . . . . . .  42000 318400 

~ i t z s c h i a  delicatissiiiia.. . . . . . .  - l - 
- seriata.. . . . . . . . . . . . . . . . .  

Rhizosolenia alatn.. . . . . . . . . . .  - , - 
20 l - 

. i _ -  I --- færoensis . . . . . . . . . . . . . . .  I - 

- fragilissinin . . . . . . . . . . . .  I 160 240 
- serriispiiia.. . . . . . . . . . . . .  . l  - I - 

Skeletoniiiia costatuin . . . . . . .  
Thalassiosira biociilata . . . . . . .  1 360 . 1 900 

Cilioflngellata. 
i 

Ceratiiim fiirca.. . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  - fitslis.. 

- lineatiiiii . . . . . . . . . . . . . . . .  
- loiigipes.. . . . . . . . . . . . . .  
- tripos . . . . . . . . . . . . . . . . . .  

. . . . . . . .  Dinophysis aciitiiinata 
.- . . . . . . . . . . . . . .  norvegica. 

. . . . . . . . . . . .  Goniodoma sp. 
Gyninodiniiim Loliinanni . . . . .  
-. sp . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  Gonyaiilax spiiiifera 
- sp . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  Peridiniulii co~iiciiiii. 
. . . . . . . . . . . . . .  - depressinn 

. . . . . . . . . . . . . . . . .  - ovatiiiri 
. . . . . . . . . . . . . . .  - pallidiim 

- sp . . . . . . . . . . . . . . . . . . . . . .  
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Tab. XXI. Station 21. Cotlti~iued. 

Depth, m. . . . . . . . . . . . . . . . . . .  . I  l 
Temperatiire . . . . . . . . . . . . . . . . .  
saiinity . . . . . . . . . . . . . . . .  3J:O8 
3: . . . . . . . . . . . . . . . . . . . . . . . . .  . /  26.12 
Oxygeri, cc. pr. 1.. . . . . . . . . . . . .  7.635 
Number of c c  coiiiited . . 50 

-~ ----p- - ~- . -- -~ 
I 
I 

Phalacron~a rotiindatiim . . . . . .  / 60 
Torodininiri robiistiim . . . . . . . .  160 
Oxytoxum cp. . . . . . . . . . . . . . .  . l  - 

l 

Illfilsoria. i 
Cyttarocylis denticiilata . . . . . .  i 20 
Laboea coiiica . . . . . . . . .  : 900 
- crassnla . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  - strobila , l  
- vestita.. . . . . . . . . . . . . . . . .  740 

Loliii~ariniella oviforniis . . . . . . .  40 
- spiralis . . . . . . . . . . . . . . . . .  20 

Mesodiniiiiri . . . . . . . . . . . . . . . . .  1 740 
Ptychocylis iiriiiila. . . . . . . . . . . . .  20 

l 1 080 l 60 
4 0 

1 120 1 - 

80 l - "  

-- l - 

1 120 300 
- l - 
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Eiitreptia Laiiowii 

I Rhizosoleiiia Færøensis . . . . . . .  
- fragilissima . . . . . . . . . . . .  

semispina. . . . . . . . . . . . . . .  

1 Ceratiiiin furca . .  . . . . . . . . . . . . .  
i - longipes . .  . . . . . . . . . . . . . .  

macroceros . . . . . . . . . . . . .  

Diiiophysis aciiiiiiriata . . . . . . . .  
-- aciita. .  . . . . . . . . . . . . . . . . .  

Diplopsalis lenticlila.. . . . . . . . .  

l Gonyairlax polyedra . . . . . . . . .  
/ - spillifera . . . . . . . . . . . . . . .  

Gyrodinitiiii cp. . . . . . . . . . . . . . .  

sp . . . . . . . . . . . . . . . . . . . . .  


