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1I\'TRODUCTIBi\r 

r l J he Nor.ruegiaix Sea is a very interesting area 110th from a biotogieak 
nrttl f ~ ~ d r o ~ r a ~ h i c a l  point of xiew. It is also of economic importance 
I)erause of the very rich fisheries. S ~ a s  11886) stated that there were large 
cpantities of zoopla~ilito~i on the coast baiiks of Norway bordering the 
Xor~zre~ian Sea, aild an a l ~ u i i d a a ~  life existed where colcl arctic water 
tnet the temperate Atlantic water. GRAN (2902) made the first ecological 
stltdy of the zooplailktoxl in  the Norwegian Sea. Later DAMAS (1905) 
investigated the copepods i n  the southern part. DAMAS & ROEFOED (1909) 
and S T ~ R ~ I E R  (1929) also published some data on zooplankton from the 
~Vormegian Sea. Froill 1902 to 1908 the I;izternational CoernciI for the 
Explora t io~~ of ihe Sea organized plankton ii~vestigations in  the Nor- 
wegian Sea and o t h e ~  areas. Tlie results were published in B~alletin 
'I'rimestriel (1910-1931). Wrr~z  (1915) reported on the copepods col- 
lected l ~ y  the Ingolf expedition. RUUD (1932) discussed the pliai~kton 
collditiol~s of the .\vllaling grounds and their relation to  the ocean cur- 
~.rnts.  ~ S T V E D T  (1955) illyestigated the zooplankton collectecI at weatlzer 
.tation V i  th ro~~ghont  one year. 

r l 11he present report is l~asecl inainly on zooplanldon sampled during 
the cruises of ~essels  from the Norwegian Fishery Research Institute 
froin 1948 to 1954. Sainples taken l ~ y  the illeteorologists and crew of 
tlie Nor\+epiail ~vcather ships  polarf front 1,) and <<Polarfront $In at sea- 
tion 1% from 1950 to 195 2 are also inclucled. 

1 take this opportunity to express my sincere gratitude to the men 
-\vl~o ifirectecl azitl participated in the cruises and took planlctomr sarnpfes, 
cllaecially bilessrs. DE~OLD,  EGGJ~IN and RASRIU~SEN. I am also in debt 
to Messrs. ECGJ~IS, MOS~JY ancl RUXJD ~viio took the initiative iia sa~~lp l ing  
plntllcton froiu 11le aveatl~e~. ships, and entrnsted to me the ~natcsirsl 
collecterl sinre J 950. To the chief nleteorologists ~OIPANGER,  MADSEN. 
S K A ~  and T ~ N ~ E S S E T .  ancl thc officers ancl crew 0x1 l~oarcfi the xveather 
-hip, I con17e-j 2x1~- 14~alrnest thanks for an enorlllorlis number of plankton1 
,n~uple.. co1lecte;l at nlt tii~ies of tlre year, 130th day and night. Finally 
Z wan[ to tha111c n1j- asbi'ient, Mrs. J~EYEI~., who i~lacle a grcat nersllk~er of 
~trcir.;r~t.ctnenti ar-ttt prepareit the drawings. 

1%cr;rer-i, July 1955. f ir is t ian F r ~ d r i k  Wiborg. 



R'IATERIAL AiVD METHODS 

The main part of llie platikton saiiiples was taken in vertical hauls 
with a Nansen net, silk No. 8, and 70 cni in diameter. Duri~lg the cruises in 
the Norwegian Sea one haul fro111 200 111 to the surface was usually talcen 
at  each station. In 1953 and 1954 some deep hauls were made in  steps 
fro111 1000 m to the surface. The cruises were all during the summer 
and autumn; in 1948-1951 froni the beginning of June to the end of 
August, in 1952-1954 from the last of May to the l~eginning of July 

Fig. I .  Zooplankton stations 1948-1954,. 



(fig, I ) .  In 1953 a section of statita~~s was taken in September off ~vcsterai 
Spi~shergen. 

At station M, 66'N. lat., 02'E. long., a full station LO 2000 m was 
usually worlred each montlz, with l i a ~ ~ l s  2000-1000 in, 1000-600 m, 
600-100 in, and 100-0 1x1. I n  addition, 100-0 111 'tiauls were taken 
eacli week. From February 1953 throng11 June 1954 the saine program 
was also carried out at night. fn addition, a haul 25-0 m and horizontal 
hauls wit11 a one meter net (sillr No. 0) were niacle once a week both 
clay and night. The horizontal ha~lls were taken at the surface, lasting 
lor half an hour at a speed of 2-3 linots. Sometirlles tlie liauls were 
made while the ship lay drifting, tlze time then being extendecl to one 
hour. The liaals are therefore not strictly comparable. All tlie liorizoiital 
llauls have been adjusted to a one-hour tow. 

A11 plankton samples were preserved in 3-5 O/o formalin. 
Volume measurements were made by draining or displacement 

t WIUORG 1954). Tlie copepods xz7ere nleas~lred using a Spencer micro- 
scope with an ocular inicrometer. For Ccilanzcs firamcirclzicus and C. 
l~yperborezcs the enlargement used gave a scale unit of 0.097 mm, for 
l'sez~docala~zz~s r~zi?zzctrts, ,Veiridia lor~gn and M .  luc~rzs 0.0513 min, and 
for illicrocnla~~us pzisillzcs, 1V. pygr~zuezcs ancl Or~cccerc borerilis 0.0125 inin. 

All measurements were taken on the inetasome. 

'I'OPOGRAPHY AND HYDROGRAPHY OF THE NORWEGIAN SEA 

HELLAND-HA~SEN & NANSEN (1909) l~ased their lnonograph on the 
Yonvegian Sea on the cruises of the a&fichael Sars, in 1900-190$ and 
on obsel.vations 11y other ~vorkers. They defined tlie Eorwegian Sea as 
the whole sea-area 1,etween Norway, the Shetland Islands, tlze Faroe 
Islands, Iceland, Greenland, Spitsbergen and Bear Island. Tlie basin is 
I~ordered to the east, southeast and soutlr Ijy  he Norwegian coast, tlie 
North Sea Plateau, Tlie Faroe-Iceland ridge, the Iceland Plateau and 
the Iceland-Greenland ridge. The northern ],order is a possihle ridge 
1,et.iveeii Greenlallcl and Spitsl~ergen. The Greenlaii(1 Sea is considered 
:I suhdivisioa. I t  lies l~etween Greenland north of 171 N. lat., Jan Mayen, 
and Spitsbergen. 

The iliain ctlrrents were outlinecl (fig. 2 ) .  The direction of currents 
and water movements is greatly influenced by the 11ottom configuration. 
TIae niaiii part of tlie water entering tlze Norwegian Sea from the soutli 
passes the Wjville-Thompson ridge, whic11 Itas a illcall depth of 470- 
500 in. Tlie flow is nortlzeastrvards ~llrougll the Faroe-She~lancl Channel. 
Below 600 111 is fo~uld very uniform l~ottom water of a salinity of 34.92- 



.Fig. 2. The cyclo~lic circurlation system of the Norwegian Sea. 
(From EIELL.~XD-HAXSEN &; ?TAWSEN 1909). 



34.944 per milk,  and a te~nperaLure of - 0.94' to - I,OCC. in the sotrtll- 
eastern part. In the Greenland Sea the 1,ottom water is coldex- than 
- l.O°C. ?Varmer and nlore salirle water of Atlantic origiil lies on top 
of' tlic bottom xvater. Allantic water enters the Nor.rvegian Sea thraugfr 
t l ~ c  Faroe-Shetland Gllallnel and is carriecl northwards through t h ~  
ca~ter i i  part of the Xor~vegiail Sea. A I~ranch of the East Greenland 
i~rt t ic  ciu-rent,  he East Iceland current, flows southeastlz-ards l~et-rseen 
Icclonrl anci Jan Mayela. 'Vile c+ater has n low temperature and a sali~lity 
of 34.86-3 A.90 per mille. 

A n-ilii~ber of eddies I~order alle Atlantic current on its way nor~l2- 
a d s ,  some of them stationary, srlcll as the large cyclollic eddy in  the 

sotztherll Norwegian Sea. HELLAXD-HANSERT &: NANSEN also mentioned 

Fig. 3. The isotflerirrs in 25 m, 3Iay-Jnne 1952. 



o ~ h e r  areas with more or less stationary water; the bormdary hetween 
the ~vesterri sicle of the southern eddy and the East Lcelancl current, the 
axis of the cold current itself, ancl Iinally tlie area over the Faroe-Iceland 
ridge, on the honndary of tlie Norwegian Sea. 

A 11rancIl of diluted Atlantic water runs westwards in the sea west 
of Spitsl~ergen, sinking under the polar water and forming an inter- 
lnediate lajer of warmer water in the Greenland Sea. This layer niay 
to a certain extent also bc snppliecl by minor 1,ranclles of the i\;ortll 
Atlantic current passing to tlie west irnrnediately north and soutll of 
Jan Rlayen. A large eddy of cold water is situated in ille East Greenland 
current northwest of Jan Nayen, between 74' ancl 76' N. lat. I n  tliis 
area we have the so-called <(Bay-Icebights of the sealers. 

HELLAND-HANSEN & NANSEN pointed out that there Will be I-aria- 
tioils in tlie position of tlie currents and eddies from year to year. 

Hydrographical ol~servations were made in connection with the 
present investigation, and soiiie are pul~lislled (DEVOLD 1951, 1953, 
~ S T V C D T  1955). Some ol~servations froin station M and adjacent areas 
were treated (MOSEY 1950, KALLDAL 1953). The isotherins at 25 nx cluring 
the summer of 1952 were traced (fig. 3 ) .  Tlle cold tongnc between Jail 
Mayen and Iceland is clearly evident. There is also a core of Tvariner 
water protruding into tlze colcl area ~lortheast of Jan Mayen. Tlie East 
Iceland current Tvaa very conspicuous all the suininers ohservatioils were 
made, except 1950, when a layer of at least 25 111 of xvarnl water coverecl 
the surface. 

VOLUR'IETRIC DISTRIBUTION OF THE PLANKTOK 

The distribution of the zooplankton in the Norwegian Sea froin 
1948 to 1953 was plotted (fig. 4) .  As the nlaterial was riot srzfficier~t 
to give coiliplete charts of distribution for each montli, a more general 
picture of the clistributioii of plankton during the summer rnontlls has 
been given. When there was rnore than one observation fronl identical 
or neighl3ou~ing positions, the liighest figure was used. The nortl~ern 
area, including thc Greenland Sea, was only investigatecl rlurinp the 
first half of June. 

The greatest concentrations of planliioii are forrncl  here L-IELL~~D- 
HANSEN & NANSEN slated that the water masses were lnore or less 
stationary, and in tlie border arcas between warn1 and cold water. TIie 
large concentrations in the cold area are wainly Calrcrtzis hyperborczis, 
those in the warm area, \villi 3 few exceptions, C .  f i i z ~ r ~ c ~ r ~ h i c ~ ~ s .  



Fig. 4. The distribution of zooplanktoll 19-18-53. Wansen net hauls. 

I n  the southern Norwegian Sea tlie greatest c~nantities of plankton 
are usually found Prom tlie end of June to the l~eginning of Aupst .  In  
the Greenland Sea the niasiina are assullied to occur later, probably 
in August. West 01 Bear Islancl, according to CORLETT (1953), there is 
illnxiinurn in dry weight of plankton o ~ e r  deep water froiri May to July, 
in sliallow water in  Augnst. Nanls fronr the temperate part of tlie Nor- 
wegian Sea inaj- ttherefol-e 11e rcgardecl as fairly representative of the 
~eriocl  of maxin~uiil abniiclance. A few -,-er~ical I~auls in the upper 100 
111 off western Spitsbergen i a  Septeii~ber 1953 yielded only sinall quanti- 
ties of plankton. 



At ille beginning of Jnly 19.19 the plankton was alju~idant betiveel, 
Jan Mayen and tlie ~iortliwestern coast oi' xorway. It consisted mainly 
of Aglar~thrc digi fale ,  except on the coast I,anks, svhere Cnlnttrrs fin- 
I F E I ! P . C I ~ ~ C I L S  dominatecl. At the end of Jnnc Aglccntli~t had nearly disap- 
peared, except near the coast. I n  tile norther11 colcf area plankton Tuas 

tlrore al,undant in Jime 1953. 
Tile East Iceland current is quite rich in planliton, es~~ecially ~ v l ~ e r c  

colcl water lileets warmer currents and slope areas, as along the norther11 
ant1 ~~or t l~eas t c rn  sl~ores of Tceliancl. I n  the central part of the sontllerli 
Nor~vegian Sea there i . ~  little planliton. G R ~ N  (1902) fouiicl ~liose areas 
vc1.y poor in  ~danlston in  snmrtler and atutumn, a fact he associated ~vitlr 
i l ~ e  ulmelling of water of Atlantic origin froin deeper Layers. 

I ~ U U D  (1932) discussed the plankton conditions of clifferent wl~aling 
grounds and their relatioil to the oceanic currents. I n  the Nor~vegiaii 
Sea whaling takes place along the slopes of the banks, where coastal 
water inixes with the Eortli Atlantic current. Those places afford tlie 
largest supplies of enl~harrsiids and copepods, and the al~undailce is due 
not olily to production, but more LO accumulation in backwaters. At M$re. 
on 111c west coast of Norway, there is a maximun~ in the catch of sci 
xv1i;tles ill April-May, coincicling wit11 the spring maximtuiz of Calait1rs 
~ i n i i ~ ( ~ r c h i c z i ~ .  The whaling starts in  coastal water where the food colidi- 
tioils are best, but in  the course of the spring shifts to the border areai 
between the coastal water and the North Atlantic current, in  those 
localities where the conditioris favour the forination of l~ackwaters and 
coilr7erge11ces wit11 large acctuil~ulations of plankton. I n  Spitsl?ergen 
waters ~vhales were once caught in the mixed layers between the colt1 
coastal cwreat  and tlic warm Nortlr Atlantic current. Equally importali! 
~vllaliag grounds were situated to tlie northwest of Prince Charles Fore- 
larntl, ~vhere the polar water from the north forins a distinct bacltrvater. 
I n  the areas of convergence along 111e edge of the ice i ~ e t ~ v e e ~ i  Spitsbereeri 
and the Denmarls Strait ~t- l la le~s used LO catch the Greenland ~c~halee. 
In recent tiilies ~vhalcrs from Icelancl hunted 11lue ancl fill wliales t h c l ~ .  
These facts are in  accord xvith the largc coilcentrations of pla~lktoii itt 
the border layers l~etwee~r cold and tenlperate water (p. 11). 

H.JORT (1902) stlzdied Imttlc~lose wrhaling in tlie Nor~vepian Sea. 
I tc  delineatecl the ~ilo,it imlportant areas of hottlenoae whaling (fig. 5 ) .  
I t  is clear that those areas are locatecl wllere there is a rnasimrani oT 
~ ~ l a a k t o n .  This is still illore apparelit when a comparisor~ is lilade ~vitlt 
the quantitative distribution of thc ntost important copepods, e.g. Colnnlrs 
fira~~tcirchicz~s (fig. 18, y. 30) .  

I n  order to see to what extent the 01,se~vations from the Kor~vegintl 
Sea are representative for certain periods of the year, i t  is useful 10 



Fig. 5. Bottleiiose grounds in the Korrt~egian Sea. (From Hjort 1902). 

irtake a coniparisoii with the yearly I ariations i n  plankton volume at 

station M. The variation of the montlllp mean volumes of plai1lcton in1 
the upper 100 n~ was exatni~iccl (fig. 6 ) .  Pa all pears diere was iiiaximun~ 
volume in Jnne, and in  some years pealis in April, August and 0ctol)ei.. 
111 1950 ille June volunle was the highest, i n  1953 the peak was in  Api.il, 
I n  the latter year vertical hauls in  April were taken only during ~ l r c  
~iigllt, and vertical migrations of the planiliton may makc this volu~iie 
too great wlien compared with thobe of the otlier years. 

It is debatalrle wlactlrer l~arrls taken clnring tlae day are representative 
of thc quantity of planliton present. At staijon M, planliton hatals were 
talicii alternately by day anel nigllt for inore than one year. The varia- 
tions in planliton volrunie ill the upl'er 100 :n ~ n d  25 111 n7ere exami~lecl 
(fig. 7 ) ,  There was ~ a o r c  planktoil during the night 15ian during the 

in Llle upper 25 m, especiallj in &prif and in Jllly. I n  the n ~ p e l *  
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Fig. 6. Variations in plailkton volume in the upper 100 m a t  station M ill 1950-1954'. 
Nansen net hauls, monthly mean figures. 

Fig. 7. Variatio~l of plarilito~l volumes ill the upper 100 111, resp. 25 111, in day and night 
hauls a t  station M in 1953. Nansen net  hauls, monthly irieall figures. 



100 111 there was the same difference, hut not so marked. As the plaalcto~r 
hauls clrtring the cruises in  tile Nor~vegian Sea were tlsually talcen from 
200 111 to the surface, rertieal migration probably does not greatly ia- 
flrrence the summer resrilts. 

There is, ho~vever, another problem. The larger organisms, especially 
tlle i~ l~po r t an t  enpharrsiicls, ~isually avoid the ordinary planliton net< 
clrzring the day. Enpbausiids were rtsiiially talcen singly. At station 14, 

Fig. 8. Variat ion i n  p la~ik ton  volunie a t  d a y  (broken 
line) and night (coatinuous line) i n  1 hour's horizontal 
surface hauls w i t h  a rneter ne t  a t  station Rf i n  1953 
-1954. Montly m e a n  figures, and logarithniic scale. 

~ S T V E D T  (1955) rarely got single aclult specimens cluriag the clay. On 
tlie basis of hauls with the continuous plankton recorder, HEIVDERSON K 
~ ~ A R S H A E L  (1944) and GL,OI~ER (1952) stated that nearly all euphatzsiids 
in  the Northeastern Atlantic and tlze Nortli Sea hacl a diurnal vertical 
migration, being al~sernt from the surface layers during the day. Thysc~rz- 
oessa lo7zgicclzcdata was the only species ~vhich oceurrecl near the surface 
in  daytime. One nlust l ~ e  cautious in j~tdging an area to l ~ e  poor in  
zool~lankton l~ecause verlical or horizontal hat~ls  taken in daylight pielcl 
small quantities of planliton. There may possibly have been enphausiids 
present, ~ v l ~ i c h  avoided the nets, or thej- have stayed in  deeper laj-em. 

I n  vertical hauls at station M, euphausiids were caught regularly 
in the upper 25 m and 100 111 during the night, usually 2 to 10 specimens 



prr h a d ,  hut occasionally as many as 30. M r ~ g c ~ r ~ y c t i p l z e  i~ ;orvcg ic~~  
and Tlzysccizoessrc, iizerrs~is were caught in  almost equal numbera. I ~ u t  7'. 
lot~giccirrclccta 'irTas also taken. In May-July, only larval euphausiicli rverc 
caugllt. I n  the horizontal harrls there was usually a striliing difference 
l~etrveen thc day and nigiit hauls, the latter yielding far greater volt~mcs 
(fig. 8 ) .  This wns often rE~ze to eupliansiids talien in  the niglit, especiallj 
during the first half of 1954. From May to August chiefly 1ar.c-al enpllau- 
siids were taken, and the differelice i n  volnme bctwecn tlie day ancl nigllt 
Iiauls was not very great. The aanual variation in  volume was, 'ivitli a 

few exceptions, sirililar to that of tlie vertical Ilanls, with peaks in J u e -  
JLI~J-, and Septeml~cr-Octobcl-. 

Large shoals of cupliausiids liave repeateclly 11ee11 o l ~ a e r ~ ~ c d  at t11c 
sruface during the niglit in  the Norwegian Sea. Fishing ])oats llavc sailed 
for l i o~us  through enorrno-rts phrrsplloi-escent masses of these anin-rals. 
Srzch sl~oals have also occasionally 11een ol~scrvetl cluriiig the clay. On 
tlie fishing grounds of Forth Narway the saithe (Gcidr~s virerzs) iliay- 
vlrnse the euphar~siids so they leap al~ove the surface. According to RJORT 
& RLILID (1929) large clirantities of T.  inerltzis were ol~ser.vecl near ,?a11 
Iiayen in August 1910. 

PEANICTON REGIONS IN THE NORWEGIAN SEA 

GRAN (1902 1 divided the Norwepiail Sca h o r i ~ o n t a ~ l y  and vertically 
into different plankton regions. 111 the upper 100 in he distinguished 
1,et~veen tlie Asterionella-, Tripos- ancl Clio-regions (fig. 9 ) .  The Tripos- 
region inclncled tlie warmest area. and w7as characterized by a number 
of species, tlie dominant ones being temperate-Atlantic-oceanic. They 
are present nlt the ycar round, with maxirlla in August-Septelnl~er. TIie 
indicator forms were Cetcciizrnz tripos, Cnlrcl~zcs helgolci~zdiczcs, Mefriclicc 
l~~cerzs,  O i t l z o ~ z ~ ~  spi~zirosfris ( G G ~ N :  0. ~1?tci17ifercc), nncl Microsef~lltr 
ntlalzricci. Boreal-oceanic fornis were also found, inainly Aglcristha digiinlc, 
Crrlnt~res firzr~zcircizicr~s, I's~ridocclla~lz~s I ~ ~ I E I L ~ Z L S  (GRAN : P. eloizgcct~rs) , nncl 
Oithonrc sirrzilis. iyeritic species zinc1 arctic-occanic forms wcre also in- 
cluded, tllc latter not 13elonging to tlie region, I ~ u t  introducccl either fly 

~er t icn l  ~ n i g r a t i o ~ ~ s  f r o ~ l ~  the deep or 1,rought in by cold currents. 
Tlic Clio-region inclr~cletl the colder areas, cllaracteriaed by the sanie 

planlito~i elements as tile li'ripos-region, I ~ o t  domi~latecl 11y arctic aatl 
l~oreal-oceanic species, tlie leadil~g forms ],ring Clioae litt~ctctitt~ aiitl 
Liri~nci~in helici~za (GRAN: Clio borrnlis and Linznciirci rrrcricn). ' fhe 
arciic areas cox~fici be separated as a subregion. 



Fig. 9. Planlrton regions in the Norwegian Sea. (Frorn GRAN 1902). 

The regions of tlie surface waters could not always be clearly 
clistinguishecl from each other, and the 1,orclers might also change during 
the year. I n  tlie deeper waters G e m  named tlie upper layers above O°C.. 
including water of Atlantic origin, the Euchaeta-region, tlie cold bottoln 
layers, the Cyclocaris-repion. 

GRAN considered the Norwegian Sea as a self-supporting area, distinct 
irom tlie Polar ancl the Atlantic oceans in the coniposition ancl content 
of plankton, with a co~i~inuility of species of its own. Cmlnrzz~s fin~~znrclzicz~s 
was regarded as indigeneons to the area, 1,ut each year great numbers 
might l ~ e  carriecl away into ilie Polar Ocean by the North Atlantic current. 

DAMAS (1905) showed lnow Ccilnrzus fi:znecirchiclcs, C. lzyperborens 
and Psezrdoccila~zz~s minrrtzcs occurred mostly in different areas of the 
qouthern Norwegian Sea. HELLAND-HANSEN & KANSEN (1909) discussed 
h)~a~As\esults from a hydrograpllical view and related the occurrenec 
of CCLECLILELS h y l 3 e ~ b o r e ~ ~ s  to the axis of colcl arctic water (fig. 10, area 3).  
~vliile C .  fiiarnarclziczts was evidently stationary in mixed water of arctic 
arid Atlantic origin (fig. 10, areas 2 and 4) .  Psezrdocc~ln~~zcs was stationary 
in the central area, ill water chiefly of Atlantic origin (fig. 10, area 1 ) .  

At slation M, H~LLDAL (1953) fottnrl that no influence could 1 ~ e  
.tracecl froill the area I~etween Iceland and the Faroes (the Asterionella- 



region of GKAIU). However, tile region to the nortilwest of station M 
(the Clio-region of GI~AN)  seemed to play a part in that the indicator 
species diere, Ccrr~tizctiz rrrciicri~~z, occnrred at station &1 thronghont the 
spring and illto the stunner (HALLDAL 1953, p. 331. 

@STVEDT (1955) stated that lhere were great variations ill the quail- 
tity and conlposiiion of the zooplanlrton in the upper 100 m at station M 
(luring rile year. From May on the copepod stocks increased rapidly, 

Fig. 10. The distrihutioii of Calanidae in the soutlierii Nor- 
wegian Sea according to D ~ 3 f  ~~(1905, P1. I), recoilstrilcted 
by SOMME (1934). Tlie numbers denote the areas ~vllere 
the different species abound. 1, Psezcdoccrlanits minutus in 
water of Atlantic origin, 2 aild 4, Cla l ( i~~z~s  f i ~ ~ n ~ a ~ c l i i c z i s  iii 
iiiixed waters. 3, C. hyper.bo~etts in arctic \tatel.. See also text. 

reaching a maximum in  the second half of June. Cnlairrcs f i~ t i~~~rrc l z i c z~s  
ancI I'se~~docala~zzcs ~iziizz~tris wcre dominant, 1)ut Oithoiza sirizilis was also 
numerous. Sagitta and Ezrkrohirirr occasionall) occ-tlrrecl in large numbers, 
while copepods and nanplii were allnost completely allsent froin niid- 
June to mid-Angust. 

On the ],asis of the present nlaterial an attempt is iliadc to distinguisl~ 
ctilfereut plankton regions in  the Norwegian Sea (fig. 11 1 .  One may 
1)roadly clistingnish I~etween a cold a r ~ d  a temperate area. Tlie first in- 
cludes tile Greenland Sea (DA\IAS & KOEPOED 1909) and can 1,e roxzglily 
separated from the temperate area 1 ~ y  the 1°C. isotl~erm at 25 m. T11is 
iso~llerm, lmsecl on Iiydrographical data froru 1952, has l~een  inserted in 
inost of the charts. The cold area is characterized 11p great quantiiics 
of C~ilaizrcs lzypesborez~s, but Oitho~zn sinlilis and Oizciicrc borer~lis are also. 



Fig. 11. Planktoll regiolls in the Norwegian Sea. Horizontal hatchiilg : arctic 
planktoil. Vertical hatching: temperate water plankton. Oblic~ue hatching : 

plankton of Atlantic origin. Dots : rleritic planlrton. 

nmnerons, and l's~udoculaizr~s iizinzctz~s xiloderately ab~mdant.  These tltree 
copepods have their illaxinla of abundance i a  the Border area along else 
i °C .  iso~llerm. Juvenile Thenzisro ccbyssorrcii~ and Lin~aci~za 11c.licina also 
occur, the latter in  large numbers. Errkrolzizict lzcciizntrr and Meiridin lor~grr 
are fotuicl regularly, ~ ~ l i i l e  Crtlnr~r~s lirziitc~r('1zic~rs is scarce. It will be 
sllo~vii liow the stoclts of Qrzcnerc bor~ctlis, Pse~cdocnbnrzzrs i i~iist~tus ant1 
C(L~(IIZZLS j i i z ~ ~ ~ ( t r c I t i c ~ ~ s  are supplied fro111 the ternperate areas. 

In  the tenrperate part of the Norwegin11 Sea most of the observatio~~s 



ll~ave heera rnatlc in the sortthern area. It is not easy to driine the ilifferellr 
plankton regions clearly, as the co~~dit ions are quite variable. 'Flle I~or- 
clers may change during tile peal, and also from one j-ear to anotllea-. 
One ~taay distinguish one or two regions, ineltiding tile sea soutlleast of 
Jan &fayen, and the slope area Prom Nortlreast Icelalrd past the Faroe 
Islanrls. These areas are cliai-acterized in  the saille  ray as station M 
(@STVEDT 1955). 111 summer they are donlinated BJ- C~rtlaizzrs Jin~itnrchicr~s, 
C's~z~docc~la~crcs nai7zutr~s, Oilltorzn sirnilis and Orzcc~eci borcnlis, also 115 
Sicgirtn slegarzs, Eukrolzr~icc llct~tlatcc, and in the area around station &ii 
by ilglnsrtha digitccle and Lilt~ucirnct retroverscr. Tlze slope area inclncle~ 
tlne East Iceland current, ~ l ~ i c l t  contains a fairly Iiigh nunlber of Ccrlaizzrs 
hyperboreus, especially earlj- in summer, w~llen the other plankton specie-, 
are scarce. Later in  summer. however, the surface layers are warmecl and 
a rich plankton is found over iairly large areas. It was sllo~vn by Dni\rns 
(1905, PI. 1 )  that adult Cctlartus firinzccrchicrrs is abnnclant ill tllc sout11- 
eastern part of the cold tongue. 

The central part 01 the southern Norwegian Sea is less riel1 in 
plankton than the surrounding areas. It is dolllinatecl 1)y water fro111 the 
Kortlr Atlantic current (HELLAND-HA~SEK & NANSEN 1909). DAMAS 
(1905) characterized the central area l ~ y  the dominance of Pser~docn1~ii~zr.s 
nziisutrcs. However, the present investigation revealecl tliat this specie5 
llas its maximum of abnndance in  the slope area during the summer. 
I n  July thc central area is donlinated l ~ y  large niull~l~ers of Aglclr~tl~(t 
digitale and Limaciiza retroversa. Copepods are scarce, apart fro111 certain 
localities wliich may be correlateci ~v i th  eddy movelilents of the ciirreats. 
The central area is not clearly separated frozil llle slope and Jan Mayen 
areas. 

Along thc continental shelf of Norway in  siuiimer there is n very 
Iloinogeneons plankton, consisting mainly of Cnlai~zcs fiiziizarclziczrs and 
some Oithorza si~izilis and 1Vletridici lzccens, accorilpanied 11y a n - ~ ~ m l ~ e r  of 
aeritic species. This type of planliton may also be fotlnd in  the nortlier~r 
part of the Norwegian Sea oEf Bear Island and Spitsbergen. There is also 
a certain admixture of Calaizlrs lzyperborercs, I~otli from the Greenland 
Sea and from coastal areas. 

After August there is only a small ilurnl~er of plankton sa~nples fronr 
the Norwegian Sea, except at station M. Accordiilg to ~ S T V E D T  (1955) 
the planIrton changes considerably in composition daring tlle ai~trrlni~. 
The most important copepods (Cnlaiszcs fii~i~znrchicus and Pseridocalrrizzts 
ntiizzitus) leave the surface layers, and wann-water and autrrnill forms 
l~ecome more numerous, and niay be carried very far northwarcls wit11 
the Nortfi Atlantic current in autumn and cvinter. 



Fig. .l?. Distrihntioll of ioirre neritic plarrliton slwcies, and of II'vndtte nora?aanrl.i 
in the Norwegian Sea. The syi~lhols cle~lote recorcls of single sl~eci~lrens. 

DISTRIBUTION OF KERITIC ORGANTSMS 

r l  aHlle presence of' neritic organisrl~s irl  ire open ocean ir~dicates tixnk 

tlrc ~vnter rmlasses L ~ a \ c  their origin parkly in coastal areas. Pelagic 

orgaaislrl.: .trhic!i Iinve a ii t~ornl I JOL~OPXI  btage eli~ring their dcveloprrrcat, 
al-e tlre   no st relial,le indie:~iors. 

According to ~ B ; E T L A ~ D - ~ ~ A R s ~ : ~ T  6% T"IX\,SC\ (1909) tile Norwegian 
coastal \;rater may exteiart as far as b00 nxntical miBes from the coast in 
stzmmer and antallzn. D ~ ~ i k c j  & I<OI.FCPFD (1909) have shown Hlow Cytrrzec~ 
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sknpiLlatn, v,hich starts its pelagic life froill a littoral l~ottorn stage, i b  
st~ccessively carried away Croiil tlre coast of Norway in  JtrIy and August. 
I/~S'PI~PIIT (1955) found neritic organissiis at station iVI in sruniner and 
antrtiiin. JOEINSON (1940) used tlte distril~atiorr oI tlre pelagic larvae of 
a crab, Enzerita aizulogrt, to trace water niove~iie~its along the Pacific 
co:tst of the United States. 

Tlle ciistril)r~tion of organisms of lieritic origin in  tlie Norwegian Sen 
fro111 1948 lo 1953 was p lo~ted  (fig. 12 ) .  Te~norcc Eoragicornis and Pseziclo- 
calarzr~s elo~agntzcs have their main distribution in coast and l~anlc waters. 
~ I I L  ill sulnrirer and autumn tlic populations niay be carried sonle distallee 
froari the coast ljy the surface currents. Single inclivicluals l~ave  l~ecrl 
tnlien in distant parts of the Norwegiarl Sea. The iilain distril~ntion of 
Tcmorct lor~gicornis during summer is i n  good confor~ility with dial  
give11 Ity FARRAN (1910). No neritic orga,lisnls \+.ere founil in the Green- 
Iantl Sca ia sunliner. 

Evadlte I Z O ~ ~ ~ ~ Z C L I L Z L ~  %-as earlier considered to be entireiy neritic, aa( l  

GEI t~ (1902) thonght i t  might be useful as an ii~dicator of coastal matcr. 
Recent in~estigatioiis (ICIELIIORW 1952, reviewed l ~ y  CORLETT (1953) ) 
have, lrowever, shown that Evndac. ma)- also be able to estal~lisll popitla- 
tions in the ope11 ocean, far fronr an) coast. High nuiri1)ers of Gvciclrte 
are fo~xnd in  snmmer and ant1111rn in  the coast arezs surrormding tlie 
Kor~vegia~r Sea, usually accom1~anied l ~ y  Pocloiz spp. The figltres of 
~ P S T E I N  (1910) show si~iiilar distributions. 

A concentration of Ewc~diz~ T Y ~ S  fouircl ill the sea l~etween Jan Blayel: 
lrnd Norway (fig. 12).  This occurrence seems to be related to a s~ortc'c 
there (c.f. 13. I O ) ,  but the population was witIiorrt doill~t origilially intro- 
tlnced frotrr coastal ~vaters. Si~nilar clistril)ution has 1)een reported for 
ldlanlitonic algae. OSTEWFELD (1913) lras sliow~i that the neritic cliaton~ 
Clrctetoccros I~ccir~iosrcs may he carried seawards and develop ~vl1el.e condi- 
tions arc fairouralsle. 'rlrii mas confirmed b j  HALLD~L (1953), w11o fountl 
situilar eonilitions at station RiI in April-&/lay 1949. 

VARIATION IN GROWTH AND SIZE IN COPEPODS 

I t  is lc~lowlr that there can be great variations in  gro~\rtlr azrd rsizr. 
i v i ~ h i n  i? species. I n  an earlier paper (WIBORG 1954) was eliscnssed Ilo-tr 
iize variations in copepods may he used to clistinguisli pol~ulations of 
tlifferent origin. G R A ~  (1902) stated that in the Nor~vegian Sea t l ~ c  
-c-arious developmental stages of Calartus fii7r?.~rrrclzicrcs were smaller in 
silinioel. and autumn t l i s~ l  in spring, and also smaller ill tlle so~~tlrern 
part of the Norwegian Sea than farther nortli. GRAN I~elievecl that a 



Iliglrer telllperatnre speeded rrp the tle~elopntent. lxtt the inclividuals 
I)ccame vnaller. 

STEUER (1931) estal~lislled geograpl"ca1 races on the 11asis of size 
variations in copepods. Aoma & JESPERSEN (1920) stucliecl lengtll varia- 
tions of copepods cluring a long period of time and found that the 
variatioas were inversely correlated ~vitll  the ternperatare clnring gro~vth. 
Laler ~torliers have nearly all acceptccl the theory that temperatnre is 
die inost iliipor~iant factor influencing grorvtll in  copepocfs. Horvever, 
USSI~VG (1938 ) , f o l l o ~  ecl I3y DIGBY (1954) 1)elieved that variations irl 

tile fooci colrclitiolrs in the fjords of East Greenland inllt~eircecl tlre size 
of the copepods, as temperature variatiolzs were slight. JESPERSEN (1939) 
staled that ill those localities there were variatioirs in temperature in 
11le UPPCL. water lajers, arrd that the greater part of tile sz~iall individual5 
was lalien in those la) ers. 

Fern r\  orkers seen1 to llave consiclerecl the paper of COICER (1933). 
PIC reared three species of freslr-~tater copepocls, Cyclops s~srzclarrrs, C. 
vir~iclis ancl C,', urr~ialis at six difierent temperatures, ranging froin 10' 
to 30°C. 1x1 each culture eggs Srolli a single eopepod were used. Culturcs 
of protozoans or algae were offered as iood, anel also chopped fila~~lentons 
algae (13Iozrgeotia). 

There appeared to Ije a nrarkecl negative correla~ion l,etrlieei~ tlie 
temperature during grout11 ancl the lengtlr attained in the diElereiit 
ctevelop~neiztal stages. 111 Cyclops viriclis di~lii~lislied food srrpply possil~ly 
~.eclncetl the final length of ihe indivicluals, but the effect was cluite 
iilcornsidera1,le in coixlparison witll the effect of a difference in tern- 
peratwe of 10°C. I n  the t ~ i o  other species COICEK did not oljserve any 
irlflrtcncc o l  redaced foocl supply, I,rr~ rjre tinie rec~uirect for development 
increased consideralrly. If the enltures were crowclerl, the iilortality also 
increased, GGKEZ's euperiments, and ifle experiences of most worfiers 
i tndj ing the anrlr~al varintioils in size of copepods iir a certaiil locality, 
see111 to afford proof that terriperat~rre is the lllost iinportant factor in 
regxlf ntioa of the size. 

COICER ~ ~ ~ e ~ l t i o ~ l e c l  certain probienis iavolvecii in the ~~~ec l i an i sm of 
gro~vtll in  copepods. 1) I r e  the great variations it1 length usually fouticl 
in it pure cnliurc of col>rpocls mainly caused I,y individual reactioils to 
~ I l e  Lacli of food? 2 )  Wiijlicli part do hereditary clispositions play in the 
ir~fltlcnce of ~ l l c  tenlperature on the size? That is, ~uould two clones 
o l  llte sainc species, reaxeci at the same trmperatr~re, he as rarial)le in 
.;kc as rile snlile c l o ~ ~ e ,  rearecl at 10' and 20°C? These and si~nilar 
rpe5tion., can onlj 1,c a~~swerccl lip experimeirt~. 



THE< Q&IriWrTITBTIVE DISTRIBUTIO3 OF SOME PELAGIC 

CBRGAKISRIPS IN THE UPPER LAYERS OF' TI-IE NORFVEGIAN SEA 
DURING 'GEE SUR'IS'IER 

In illis chapter 1 shall deal separately with the planliton atlinials 
~vhicll have their tnain cPisiri11ution in the open ocean, or those svhicli 
are of great importance both ill coastal areas and in the open ocean. 
As rimst 01 the san~ples were talcen in tile upper 200 nt. only those species 
will lte treated in  delail, whicli occur in some number in the upper 
layers or are iirzportant for the understanding of water movements or 
diiplac.enients 01 planlrton popala~ions. 

C o p e p o d a  

Calanus lzyperbore?rs Krayer 

Calr~i~zcs lzyl)erborc~us may be regarcled as a true arctic species, be- 
cause the largest stocks are always found in arctic water. I t  is, however, 
fouild all over tlie Norwegian Sen, hut in  the warlilcr parts i t  is mostly 
confined to the deeper layers. The clistribution was plotted (fig. 13).  
C. hypcrborerrs is abundant i n  the elltire cold area, with a maximum in  
tlie central part. As has previoubly hcen shown by D a m s  (1905) and 
FARRAN (1911), C. hyperboreus is also moderately nnillerous i n  the East 
Tceland current. I n  spring and early sum~ner it  is spread in  small nurn- 
hers over nearly all the temperate parts of the Norwegian Sea. 

Yaric~tions i r ~  Size 

Tlie larger specinlens are found to tlne west of the draw11 line (fig. 
13) ~vllicI1 roughly correspoilds with tlle 1°C. isotherm at 25 m in 1952. 
I11 1952, and to son~c  exteiit in 1953, in the areas surrounded Ily two 
sinuous I~ends, there were quite large ltolinlaiions of smaller inclivicluals. 
The size clisiril,utions in 1952 were l~lotted for all the stations and for 
~tatiol-n P1 (Tigs. 14 and 15) .  

According to @igs'l\srn (1955). the bull, of the poprrlation at station 
M is found iiselo~t 1000 111. The Illcan Ienptll of C. h j r ! ~ ~ r b o r ~ z ( s  at station 
71 i b  ir~teri~ierEiate between those of' the cold nn.1 the tealperate areas. 
"7 l he main peak in ~ h c  sizc curve of binge V corresporrds ~ t i t l l  that in lhe 
teallperare nren. tflc peak in the ienlafe.1 ~ i t 1 1  t l l a ~  of the cold area. 
(/$S,I\EDS stated elmat the stock of C. l~ypc~rborczis  at qtation 34 eorrld  tot 

i,r o l  loi.nl origin. and i t  seen19 safe io onclucle that the stock i.i supplied 
lrolil tfic area northea,st of ,ban 3 1 r t j ~ x ~ .  T!IP ]11of5Il1iliiy of t r i l~~s~>or t  from 
tlrc coast of East C recn l~~nd  to stntioai %I has nlsct 1,cen ro~lridcred. and 



Fig. 13. The c~oantitative dis tribal ion of C~ilnrrzts lzjyc~bol-ezcs in 194,R-1953. 
The cozitinaous line niarlis the l~orcler betn-CCII two pop11lations, with sltlaller 
iildividnals to  the east. Area limiteci by clot*: \Inin distrihiitio~l of  he old 
getleration 1952. .Area lirriited hy tintchect line: Maill cii:;tribiztiori oC the 

ricw generation 1952. 

L-olrtc o~eaz~arctnei~is frorzr J F S P L K ~ ~ ~  (1939) are iwerted in fig. IS. C. 
Iiy/~c?!e'o~e~u Sin East G~.eeziln~td Ijordq Iaas ;I s i x  wiaicll ii inler~neclinte 

I*et-iveen those of tire two pol>~dations nortiteaet of Jan Rla!en, but as 

tIlc nieasuremrnts are froirl tbifferent >ears, no frr~tller co~aclnsion~ maj  

1w thctavn. Ar ayl~rosii~iatelj  77O h. Iat., on' the cons! of East Greeni:rxm;l, 

fcunaies of C. liyperbtsr~ns ~nieasareel oil an average 6.77 mnl, stage Si 
5.28 mna ( §@XIMI, 1933).  



Fig. 14. Size distri1,ntions of Culn7lz~s Itype~boreus, stage Ti. 

Fig. 15. Size clistrihatiolls of fe~llales of Cnlnnl~s /~yperbo7eus. A size distribution fro111 
East  Gree~llaild 11as been inserted (.JE~PERSE;\. 1939). 



I t  has Ixen sbo.rrn 1,y JFSPER~EA i 1939 t illat C. hyperboreris hiaj 
also vary in  length xviili eteptll, the sinaller indi~iduals  at lliglrer levels. 
Ti1 the cold area of tlie Yorwegian Sea alnlost tlre entire stock is found 
in  the upper 50-LO0 m. At station 34 there lras been a very good 
opportnllity to str~rly this proltlelll. C .  hypc~rborezcs iras bee11 measnrecl 
iii all the planliton llauls talien during 1952 (figs. 16 aricl 17).  Tllere is 
it decrease in mean lerigtlx froill the deep toitarcls ~ l r e  upper layers. I n  
stage V the dilference i n  lc~rgrll is slight. fro111 the 2000-1000 m to the 
1000-600 111 haell, while tlle individnals in tlre 600-100 m haul are 
considcr~ltly smaller. The females slasw iri'egular length distribution; 
iri tlie t;\'o upper ltauls. Pt is diffictllt to evplai~r iio.i\- sucli length diffe- 
rences originate. The s~naller inclividuals rel~resent only a srrmall part 
of the ~ o t a l  stock at ~ t a i i on  A!. As ( j b s ~ a l ~ n ~  (1955) deduced spawning 
01 C .  hyperbor~z ts  in1 the upper layera in March-April, the small 
i~~diviclnals may be of local origin. The po3sibilitj- that they have been 
1,rouglrt to station iVI lty currents fronr coastal areas of Western ?\Torway 
may IIC excluded, as the average size of stage V iiz IU-or~veginn fjords is 
only 4.1 111111, coml~arecl with 4.5 mln at itation M. 

~ ~ A I X S I ~ A L I ,  (1933) foilild an iircrensc in size in C f i r~~~:c i r c l z i c~ i~  wit11 
ix~crcasing clepth. 

I n  lfle cold area near Jau Majerr, nauplii were the lllain part of the 
stocli of C. Izyperb~rez~s  ill the firat hall of Jane 1952 and 1953. Fru-tiler. 
1tlort11- and westwards the lnaximunl gradunll~ char~ged to copepocljte 
qtage J-ll,  especially along the l~order  tor\-arcla teinpcrate water. There 
were also peaks iir the percentage of stage IT?-V. This indicates that 
I:. hyperborezcs spaT+ns in t l~ i s  area during Nlaj. In East Greenla~rd fjords 
Ils611vc, t 1938) fo~zncl na~lplii  at tlre end of Xag and I~eginning of Jurre, 
anti the ~ilaximnirr percentage of stage 1 ill June, III in Jrrly, and TTt 
in August. 

Di\i is 8 IRo~>oau 11909) obscrved spaavning near East Grcc~lla~itl 
i i i  i lngu~l .  Thej thouglrt that G. J I Y ~ C ~ ~ O P . ~ I I S  did not S ~ I ~ I V I I  ox-er tlic 

great clcytlis of ilie hor~vegian Sea, I ~ n t  oal j  off East Greenland along 
tlac continental shelf. Xor t l~cas~  of Ireland tliey only Cotuld late clevrl- 
op~ncntal stages. Vo iianplii ocnrred in the East Tcelancl current. l u  

Jrrne only stage? ITr-VI were talcen in 111e t c ~ ~ ~ p c r a t e  areas oP rile 

No~.~vegian Sea, hut nol.th of 7Xqr. ]at. atage 111 tlomiaatecl. 
The present niaterial s l~o~vs  that fronrl the end of Juxrc and i l l ro~~glt-  

orlt Jnby stage 111 usually tlomina~ed in the East Iceland cnrreat as far 
as noi.tl~ of the Faroes, solireti~rtcs even to tllr N-orwegian coast. 111 



Fig. 16. Size distributions of Ca.larzr~s hyperboreus stage V, station M, 1952. 

CALANUS HYPERBOREUS ? 
ST 'M" 1952 

2000 - I 0 0 0  rn - 
1000 - 6 0 0  . - - - 

Fig. 17. Size clistril~tr~ions of fcinnles of Ctrlarircs hyI~ci.boreus, station RI, 1952. 



/Ingust btage Ill rnay still I3e cloltlinant near Jan R'lnjen, hilt in all other 
parts of ille teinperate area stage IV is rnost corninon. There is eridently 
tui e-ilen5ive transport of 6. Izyprrborez~s w i ~ h  tile East Zcelancl cn~.rcnt 
Irorll the eolcl area 11o;h before and after spawning. Most of tile 
incii.ili~luals gradtrally go to deeper water and are ilanierous in the 
l>ol~oni  f a j e r ~ ,  as at statio~l &I. Ilorv far tlre h~l l l i  of the stoclc is carried 
~lovtlnrards in  he deeper layers cannot I)e statecl, as there were very 
Ic~v deep llaills i n  tile area outside station 4'r. 

h few copepoditej rernain in the upper layers aiicl are carried north- 
wards .cvi~h the North Atlantic current. Along the  veste ern coast of 
Nor~\ray those iiiclivicl~~als are distinguished from local stoclis by tlieir 
greater size (RUL~D 1929, ~ I K O R G  1954). So~ne  speciirreils niay also spread 
cas~~vards  from tlie I>orcler areas between cold and teinperate water frorr~ 
J i ~ n  RiIayeii and northeastwards. Near the Jiclf from Bear Island and 
~rortlirvards local stocks are evidently aclmixed. 

Calanus finrnarchicz~s (Gunnerus) 

111 the teinperate parts of the Norwegian Sea Calciimz~s fiimi~~(crchiczi~ 
is the clominant copepod in  the plankton during spring ancl summer 
(GRAN 1902, and others). I t  is also a1)undant in  the fjords of Spitshergen 
tulcl in the upper layers to the west of Spitsberqen, iinn~ecliately east of 
llle Polar current. I n  the Greenland Sen i~ is nrunlerous in the inter- 
mediate layers (DAMAS & ICOEFOED 1909). 

The clistribution of C. )innmr~rchicus in  tlie Norwegian Sea in 194'8- 
1953 (fig. 18) is in  good accordance with that of tlie plankton volumes, 
except in tlie cold area. I n  the area between Jan l'layen, Iceland and 
the Faroes tlie figures are mainly based on the 01)servations from July- 
August 1951. Great nrunl~ers of C .  fiizr~acrrchiczcs were also f o ~ ~ n d  off the 
western anel sorrthern slopes of Bear Islancl and western Spitsbergen, 
and along the western and nortliern coasts of Xorway. 

111 Norwegian coastal waters C. fi~z~~anrclziczis has 1-2 main periods 
of reprocluction a year; off Mgre in Marcli and May-June, in the 
Loloten area in April. Ninor spawnings occur in tlie late sunliner or 
autumn. At  station M, @STYEDT (1955) o1)seruecl tlie main spawning in  
April, ancl a second of minor importance in August. Tn June stage IV 
clominated, in July-Aug~zst stage V. Xear Jan Mayen and Bear Island 
one iiiay find a maximum of na~zplii in cold water froiii the end of June 
to tlie ~i~icldle  of July, prol~ably the first spawning of a local stocli. 
Ziowever, in  inost places stage IV-V dominate cluring tlie stnnmer 
~nonths. I n  July 1948 females were inore abuncIant than other stages 



Fig. 18. The clua~ititati\ e tli~tril~ution of Calnnus finmarchicus 1948-1953. 
Large ilidividuals are fo~~rrd ue5t of t l ~ e  long, and east of the short, co~ltinuous 
line. In the areas C I and W I. iurrouncled by hatched lines, the individuals 
are small, in C I1 and W IT of 1niddIe size. For further explanation, see text. 

between Jan Mayen and Lofoten. perllaps indicating tlie beginning of 
a second spawning. During the first half of J ~ l a e  1952 females dominated 
Srom Jan Mayen to Spitsbergen. follo~ving the 2"-4'C. isotherms at 
25 nl (Iig. 3, 13. 9 ) .  This 3h7zra- associated with quite large ~tocks. No 
nanplii were found. Sinlilar features were observecl in  1953. I n  the 
cold area stages IV-V were do~~iinant .  In the temperate area of tlle 
nortller~z Norwegian Sea C, ~i~zr;zarchiczcs probably starts the spring 
spawning in tlle nliddle of Jane. in the cold area not until July-Angust. 



The Popz~lar io~zs  of Calr~nits Ji~zrnarckicus aizd tlzeir 
Movenzc~zts loithiiz the Nor toeg ic i~~ Sen 

G R A ~  11902) assmned that the Norwegian Sea was a self-s~~pporting 
area as regards plankton, 1,111 that consiclerable clrlaiitities were carried 
away with currents into the Polar ocean each year. DAnrAs (1905) 
o1,served intensive span~niiig of Calnizus fir~iizctrchicz~s in tlie soutllern 
Norwegian Sea, and DAMAS & I<OEFOED (1909) drew atteiitioll to the 
iniportance of the spawning areas along the slopes ancl coastal banlrs of 
western and northwester~i Norway. They further assnmecl that C. Jirz- 
rrlrcrclrictrs in the intermediate layers of tlie Greenland Sea had a 

double origin, partly deriving froin the fjords and slopes of western 
Spi~sl~ergen, pa~.tly fro111 tlie southern Korwegian Sea, follo~ving the path 
o l  the North Atlantic current. HELLAND-HANSEN & NANSEN (6909) 
and DAarAs (1905) l~elieved that C .  fi~zi~accrchicrcs was ii1ol.e or less 
stationary within the cj-clonic systeiii of the southern Norwegian Sea. 
( ~ S T V E L Y ~  (1955) has slio~vn that in winter there is a large stoclr of C. 
Jiir~lzctrchiczis in  tlie deeper layers at station M, situated on the 1)orcler 
of this cyclonic system. 

I n  the procedure of distiiignisliing different populations of C .  fill- 
irzcirchicrcs one iitay follow two metl~ods; examining differences in  stage 
conlposition or clifferences in  the size distribution of the developmental 
stages. -4 very large nmnber of feinales and stage V copepodites, 50- 
300 specimens of eacli per station, has been measured from nearly all 
the plankton hauls taken in  the Korwegian Sea froin 1948 to 1954. 

I n  the middle of April 1950 a series of plankton liauls was talteu 
froill nortllcrn Norway to Bear Island (T~BORG 1954, 11. 71).  At all 
stations situated in  temperate water feiilales of C. firzinrcrchiczcs had 
nearly tlie sanle mean length, 2.7 mni. At  station M, the yearly size 
variations throughont 1950 were investigated. On sonle occasions there 
were sndclen variation? in  the lnean length within short intervals of time. 
I t  was then assetnied that we had to deal with different populations 
~vhicli were partly local, partly brought in Eronl other areas. The>. 
pres~~mably  came froni the coast and slope areas of western Norway, 
and in  the aattzwn also from the North Atlantic. 

TIie present investigation affords further indication of tlie existence 
of at least two different of C .  fiizinarclzicrcs in the southern 
part of tlie Norwegian Sea. I n  tlte first haif of June 1952 the females 
measured on an average 2.58 mm in  thc sea between slation M and Jan 
Ma>-en, hut 2.80 nlln fro111 [lie slope of tlie edge east of station 8'1 and 
north~varcls to Spitsl~ergen. Later in  the year the average size decreased 
in the latter area. 



The leligtlr distrilrutions of stage V in different areas of the &or- 
auegianr Sea during the sallrrlier of 1952 were computed (fig. 19).  I n  the 
temperate part the copepodites are sillaller in the central southern area 
(fig, 18, W I) tllali ill the Nor~vegian coast and slope areas, and i n  the 
~liidclle of the sea ilortli of 70%. lat. (fig. 18, W 11). I n  the Greenland 
Sea, C .  jir-cn-ccoc/-cicz~s is also of a nioclerate size, and two different areas. 
C 1 and C I1 ~i-tay Ile clisting~zished, with lellgtli distributions corre- 
sponding to those ill the areas %' I and W II. It is clear that there is 

I G A L A N U S  F I N M A R C H I C U S .  S T A G E  V. I 
COLD A R E A  1. 

Fig. 19. Size distrihutio~ls of Calanz~s finmarchicus, stage V. 

n ccrtairi degree of inixing ]letweell tlie populations in  C I and C i I  
(Sip. 19) .  I n  addition, there is a srllali group of large specimens of 
3.0 111111 or 11iore. Sii~rilrlr large individuals are also fomlcl near Bear 
~slni ld  and Spitsbergen in  cold water ( V ~ ~ I B O R G  1954, p. 72) .  

Mr. P. TALLANTIRE, formerly at the Fisheries Laboratory, Lowestoft. 
Eaglancl, has I~een  good enough to send me some measurements of C. 
fir~n~circhicus talten i ia  a section of stations from Bear Island and west- 
wards at different tinres of the year. I n  June stage V nlcasnrecl 0x1. ara 
nveragc 2.80 111111, hut during tlrc late srunmer and autuma tlic inean 
lengt l~ gradually clecreased to 2.20-2.40 111111 fro111 August to April. 
'I'llis is in  collforlility with the o1,servations from a section off western 
Spitsbe~.gen in SeptemI,erJ953. Tile copepoclites then had a mean length 
o l  2.4-2.5 111111. The difference iii t l ~ e  length distributions between the 



areas C I and  C 11 may 11e explained as kollorvs: The snialil copepotliteq 
originate in the soutltern part of the N o ~ ~ e g i a n  Sea and,'or from ~ l i c  
sullrzlier generation Iiatched along tlie iriestern coast of ISorway i n  Jnne- 
J t r l y .  Tliese col~epodites I l a ~ e  followed the 11ranc11 of the Nortb Atlantic 
ctlrrent into tlie intermediate layers of the Greenland Sea. On their 
t v : ~ y  northwards they rtrast pass Bear Island in late summer. 

On the  veste ern slope of the Bear Island banlc, and from the west 
con51 of Spitsbergen to tlte 2OC. isotherrn at 25 m (fig. 3 \ large qnantitie; 
of C. ~ ~ I L I ~ Z L I ~ C ~ ~ C L L S  were talteii at tlie heginning of June in 1952 ancl 1953. 
r 7 I lrey were niainly stage V and females. 500-21000 specimens per haul. 
I 1  l l ~ e  popula~ion may 11e of local origin. as cyclonic system3 ilrc lcnox~n 
LO exist in  the area (HELLAND-H~NSEN & NAXSEN 1909), l ~ u t  they inap 
;ilso liavc heen introduced wit11 the North Atlantic crurrent from coast 
; t ~ i ( j /  slope waters of .cvestern and nortliwestern Eorxvay. The larger cope- 
~)o t f i~es  fotmcl in area C 11 evidently helong to that popnlatioii. Tllej 
Itlay have followed that I~iancll  of the North Atlantic current ~vllicll 
accorcling to HELLAND-HANSEN & NA~LSEN turns to the west from tlie 
Rear Island and flows into the Greenland Sea. 

I n  1953 ancl 1954 the saine clistri1,ution of sii~aller ancl larger cope- 
~modites of C. f i i~~?~arclz icr~s  was ol~servecl in the colcl area as in 1952. 
Sillall females were fonncl in the southern Norwegian Sea (fig. 18, W I ) .  
111 1952 they were also taliell at 3 statioils in the cold area, prol~abl! 
introduced in  the tongue of warm water (p. 10) .  I n  1953 and 1954 no 
i~if lux of warm water conld 11e traced in this direction, and llle females 
talcen in tlte cold area were all of the same size as those found in RT 11. 
!L is suggested tbat since the moi~lting from stage V to adults talccs p1ac.r 
a t  a comparatively low te~llperature in  the areas C I ancl C 11, the adnlta 
will attain a <<normal>> size, even if tlie copepociites are sinall. 

C .  f i i ~ i ~ ~ ~ i r c l z i ~ u ~  was also nieasured in planlitoil saiiil~les talcen ncar 
Jrui i\ilayen in  April 1954 (fig. 201. Feiiiales and stage V were nlost 
Imnierons in  the upper 200 111. TIiey were nearly all of the same il1ea13 
lrngtll as in  the cold area in Jnne of the same year, tlie snlallest incli- 
vicluals l~eing caught southwest of Jan  lLIayeii (sts. G ancl 71. A sinall 
petcentage of the fentales measured more than 3.5 111111. 

I t  is prol,aI~le that C. fi~zi,zrcrclziczrs stayed in water of above O°C. 1,c- 
(\ween 100 and 200 111. Tlie lia~lls were taken from 200 111 to the surface. 
ant1 tlie temperature was usually l~clow O°C. in  the upper 50-100 111. 

I~ELLA\D-IIANSE~I & NA~VSEN (1909) sllorved tbat the water in the 
iiatcrrtlecliate layers of tlte Greenland Sea comes inailily from the nortli 
ant1 1)enetrntes so~rthwards at least to 74)' N. lat. I t  iniglit therefore he 
ol' interest to see how fa:. soutlr i t  is possil~le to trace the population of 
tIw small and mecliuili-sized C. firrnrrcrchiczcs. 



Fig. 20. Plailkto~l stetioriq, ccNorsel)> 1951. 

S$nr\ra (1934) ~ncasr~red son~e  C. fir~inci~clzicrrs Srom a vertical 11nui 
20--0 111 off the coast of East Greenland at 76'47' N. lat., 15'21' W. long. 
r 1 I llc length distril~utions were l~inloclal, stage V with one main groiqr at 
2.0---3.1 nlin and a Ce~u specimens ~neasuring 3.4-3.7 nlm. Tlie fellialcs 
rncasnt.cd 2.8-3.6 111111, a few 3 . G 4 . 2  111111. At that locality tlie tcrn- 
perattires were below O°C. to the 11ottom (175 1n), 11ut at some clistancc 
llle temperatures were al~ove O°C. froin 250 ai and deeper. I t  is likely 
illat C .  Jira7nurchicrr.s llad lreen iiltroduced in the intermediate layers ancl 
later migrated towards the surface. 

Farther south, in the fjords of East Greenland fro111 74,' to 70' E. 
lnt., USSING (1938), JESPERSEN (1039) and DIGBY (1954) fonnd l ~ i a i o d a ~  
lengtll distributions of C. f i~a~izr~rcl~icz~s in summer, 11ut there the large 
individuals were most numerous. JESPERSEN stated that inost of tlie snlall 
j~ldividnals were talcen in  the surface layers above O°C., the large speci- 
inens inainly in the cold intermediate layers. There was also a higher 
percentage of slnall individnals in the l~ottoin water. which was aljove 
O°C. The bottom water is probably of the same origin as the inter- 
lliediate warm layer in the Greenland Sea. JESPERSEN did iiot draw any 
conclusion as to the origin of the sliiall C. firzl,aarclzicz~s, but sho~uecl that 
they \\.ere of the sanle length as the iiidiricluals present in tlie warmer 
water of the Deninark Strait farther south (about 65ON. lat.). I t  ninsl 
be considerecl as proved that tenlperature is the iliost important factor 
in  determining the le11gtl1 of tlie copepods (11. 23). Tl~erefore, i t  follo~vs 
tllat the sillall C. firzti~c~rclziczcs found off the coast and in the fjords of 
East Greenland had grown nlr in water of a eonlpnratively li igl~ teiil- 
perature. Those founci in open ~vater and probably also in the 1rotto111 
layers of ~ h c  fjords. had been Brought there wit11 water fro111 the Xort l~ 
i $ ~ l a n ~ i c  currcnt, aacl had their origin in tlie southern part of 111e Ror- 
.ct-cgian Sen, or off tlie coast of western and northern Korway. 



Pseudocalanus minutus Krayer 

In ail earlier paper (WIBORG 1954) the distinction of Psc~rrdocnlc~nrrs 
iizir~zitrcs froiv the ileritic P. elorzgrrt~~s Boeck, as well as its iclentlty with 

1'. grrrcilis G. 0. Sars was pointed out. P. 71tii~utlts is more oceanic in 
tlistrihntion than C. firzrrsarchiczts. 'The distl-il~ution frolv 1948 to I953 
was plottecl (fig. 21 ) .  

PSEUDOCALANUS MINUTUS 

Fig. 21. Quantitative clistribxltiorl of Pse1~docrrlanzt.s m i l ~ ~ t i r c s  1948-1953. 
The thin, hatched line signifies the clistvibution to the weat, accorciing to 
D A ~ I A S  & ICOEFOED (1909). S I I Z ~ I ~  individ~~als  are found west of the conti- 
naons linr,large specit~lens inside the area snrroundect by a tliicli, IlatchedIilze. 



Pseudoc.ctlcirrzis mitrzrrzts is also founcl in small nunll~ers in the coastal 
arcas of Korway (WIBORG 1954) ancl Spitsl~ergen, I I L I ~  it only occurs in 
cl~~antities in the open ot-ean and near Jan Ma! en, wl~icli can hardly Ite 
c-onsidered an ordinar:, coastal area. The tilain concentrations correspond 
Jery well ~rrith tl~ose of Cnlrinzcs fiir~i~ccrchicrrs, 11nt in  the cold area t l ~ r  
maximuni numbers along tlre L°C. isotliernl are rllainly causecl 11y a large 
nitmher of nauplii. The felnales are more uniformly clistril~utecl. 

DAMAS (1905) ohserved the maximum of abundance of P S P ~ L C ~ O -  
crt~rrrrus I ~ E ~ ~ I Z L ~ L L S  in  the centre of the southern norwegian Sea l~e t~veen  
0" and 10" W. long. He foturd little or nothing in the Iceland-Farot 
area, wlrere this investigation sho~ved tire greatest concentrations. DAMAS' 
ol)servation. were rnade at the end of May, anci P. 7~zii~zct l~s ~ll?igl~t llal-e 
it lilore restricted distribution at that season, correlated wit11 the lifc 
cycle of tile species. According to @STVEDT (1955), P .  ~rziirz~tiis ii 11lost 
n~tnlerous in the surface layers at station M cluring May and June. From 
July to the following spring inost of the stock is found belo~r- 600 in. 
Very few plankton hauls ha le  been talten in  the area where DAMAS Sonnil 
:I nlaxi~nuin of abundance, ~vllicll he correlated wit11 the presence of 
Atlantic water. However, i t  seenis justified to conclurle that P. I T Z ~ ~ E L L ~ L ~ S  

is more nurnerous where mixing takes place 13etwcen Atlantic and arctic 
-ct7atel+. The species is very scarce in the North Atlantic current off tlie 
coast of Norway and further nortlr in June. I n  September 1953 P .  ~iaiiaritzcs 

12~as moderately abundant off western Spitsbergen 1,et~veen 0' arid 5' E. 
long., in accordance wit11 tlie clistril~ution found in this investigation 
(fig. 21).  

Tn the Greenland Sea the females of P. i~zirzr~tzrs were smaller (mran 
length 1.08 111111) than in the temperate area of the Norwegian Sca 
(mean length 1.13 mm). From Jan Nayen to Icelanrl (the area insicle 
the hatched line in  fig. 21 ) ,  closely corresponding with the East Iceland 
current, the largest individuals (mean lerigtl~ 1.20 man) are found. Tllc 
ri~easurenlents from the cold area were ni:ide 011 rnaterial fro111 295.2, I ~ u t  
sirnilar results were obtained from 1953 ancl 1954. The size clistl-il~ution- 
ant1 a length curve from the coast of Spitsbergen were comparecl (fig. 22 ) . 
Siri~ilar large females were also found near Bear Island in June 19lil. 

The fact that one finds the smallest inclividuals of 1'. i~tir~zrrzrs in tllc 
c.old area ii~ust Ire taken as proof that; the stoclc 11as l~ecn  introduced fro111 
tile teimperatc parts of the Norwegian Sea, as was found fot Crt!ctrlirs 
/inti~nrchiczis. Fronu btation 1\P therc are nlras~urements of 1'. ~tlirlrl~rr, 

from all seasons of the year. I n  1952 the females Ilacl nearly the qamc 
!cngth distril,i~tion and nuran length, 1.24 mni, froni iVfarc1-r to Jttlj. 



FSEUDOCALANUS MINUTUS ? 

Fig. 22. Size distributions o f  Psez~rlocnlnr~z~s minz~tus. 

'I'hi5 agrees verj ~vel l  7vitI1 the stateme~it of @STIEDT (1955) that 1'. 
rrzir~zrrrls has only one ipa~vning period a year. From Fel~rnary to &'lay stagc 
V copepodites had a rncan length of 1.08-1.15 mm, decreasing gradually 
to 1.05-1.07 111111 in June and J~i ly.  I t  is tl~erefore assumed that the 
.nlnll fenlales fotuicl in the colcl area in June originate from copepodites 
wllic11 tlevelopecl in the southern Norwegian Sea fro111 June to Al~gust. 
of ~ I I C  ~ r e v i o ~ ~ s  jear, ancl were carried into the cold area with the Nortlr 

tlnnlic current. 
'I'l~ele are also some length measurements iron1 the Jan \Inyen area 

ill A p ~ i l  1954 ( ta l~ le  11. Northeast of the island the females were sinall 
;tilcl the length distril~utions uninioclal. Two or three modes were fotrncl 
LII txtTo .>lations southwest of ban Mayen with greater mean l e n ~ t h s  (1.13- 
1.21) rnln) .  This was nlost clear in  the 600-200 111 haul at slation 0 
(Ti::. 201.  This seenis to indicate, as mentionetl. that a local population 
I+ it11 some~vhat larger incli~ idaals maj  clel clop in  the area horn Jatl 
Majcn so~lthwest~varcls in the East lcelancl current. Gut the conditiorlr 
c\riclentl!i -\-ary fro111 pear to year, ancl so~lletiitres there is an idenlira1 
size tlistril~ution of P. ntirzzirzcs over large areas, from Jan Mayen to tile 
coast of Nornay. Off E a s ~  Greenland DA\IAS c9: ROEFOED (1909) ohser.vct1 
t\vo lcaptll groups of 1'. ~lt ir~zctz~s,  a1)proxilllately corres~tonding to tliosc 
I'ound in the Gree~llancl Sea and in the Jan Nayen area. As the t ~ v o  
authors, however. were not always able to distinguish the two species of 
l'sc~zrrlocrtlarzzrs, this statel~ierit  nus st 11e regarded with caution. 



Table I .  Leilpt.11 Measlrrernents of Females of P s e z ~ d o c n l ~ n ~ ~ ~ s  mirc~~tua,  ctKorseln 1951. 
Scale Unit = 0,0513 1nm. 

Station 
Mean 

length 
1l1n-1 

Sonlle xvorlcers (JESPERSEN 1923, FARRAN 1951) have, 50 far as thcy 
have clistinguished two forms or species of l'sevcloccilnnris, co~isiclc~~ctl 
P, r~zi~zzitrts ( P .  gracilis) as a partly arctic forin. The present investigatiorl 
l ~ a s  shown that P. r~zinzrtus is 1101 a native of tlie Greenland Sen, but 
has 1 3 ~ 1 %  introdt~ced froni temperate areas, even if consicleral~le spaavnin~ 
may talic place in  the border area towards warmer water. Sinall popnla- 
tions rnay establisll thelilselves in local cold areas, such as near Spitsl,ergen 
and Jan Mayen, btlt probably they are not maintained there very long, 

In West Greenland waters 1'. I T L ~ ~ Z Z L ~ Z C S  ( P .  grrrcilis) is tllc niost 
tlo~rlinant for111 (Jlrssrr.aszx 1923) . 

Microcnlntzus pusillus G.  0. Sars 

111 an earlier paper (WIRORG 1954) the xaliditj of the dilfcre~itintiorl 
Iretween Mdcrocalc~rzus prcsillris G. 0. Sars and I?!. pygnzrtc>rrs (G. 0. Sars 1 

rvas delended. The former has I~een considered a tempe~ate ant1 1)orcal 
species, the latter maiilly arctic (FARRAN 1951, and otl~ers) . M .  ~~z i s i l l z i s  
is ustially not found near tlie surface, except in winler (MARSIIAI,L 19/19. 
OSTVED? 3955). I t  is tlterrfore to Ile expected that IV!. pzcsillzrs xvould be 
-carte in the plankton 11latex.ial from ilre No~,x~egian Sea, excepl in llle 



decp Iiauls, and the catcfles cannot he regardeci as representative of tlie 

I n  the southern Eorwegian Sea ilf, pzisillr~s occurrecl rather regularlj , 
hut usually in low numbers (50-400 per haul in  the upper 200-0 111). 
I n  sollie areas, as off East Iceland, and along the contiilental shelf of 
Nor\\-ay, a llaxxl sollletimes exceeded 1000 specimens. TVl~ere -4tlaniit 
water clomiilated, 1M. ~ ~ u s i l l z ~ s  was usually abseni fro111 the apper l ~ > - ~ r i .  

Fig. 23. Quantitative diitributioli of ilfic~ocalanus pusillus 
northeast of Jan >layell ill 1952-1954!. Symbols indicate 
iecords of sinall !I[. pygnlneus. Rings: 1952, crosses: 1953, 
dots: 1954. The lo C isothe1.111 a t  25 111 in 1952 llas been inscrtccl 

in this, and the following figures. 

T11e species was also found in the colcf area in 1952 and 7953. Thc 
females were scarce (10-100 per llaul),  11ut tlie copepoclites were .;oinr- 
~inies quite al~undant (2000 or inore per l i a r~ l )  . As adult M .  p y g i i z ( t ~ z ~ ~  

rz-ere also talcell in  the same hauls. tilrre is the possibilit) that sonle 
copepodites l~elonged to this species. With 1l1is reservation the (1istril)rr- 
tion of $1. pzcsillus in the colcl area M-as plotted (fig. 23) .  Wliere deep 
I~anls  were inade ( in  1953) fWI. ~~tz~s i l l t c s  was roncentrated in the 600-100 
t11 J~auls, as ( ~ S T I E D T  (1955) also found. 

All tlie felilale i?!. l~r~s i l l l r s  mere measured. I n  the cold area tlie! 
were very scarce, bnt in 1952 the ~ n e a n  length, 0.47-0.49 111111, rorrr- 
spoi~decl very- nearly to that ol~terred at itation \I i11 Marcll-April 
(VIBORG 1954, p. 138). 1x1 the temperate area tlie fenlales ineas~rrctl 
0.54-0.60 mnl on the average. 41 seems likel> that if. ~~tztsillzts, like 



1'. ~ ~ ~ ~ ~ Z L L L Z C S .  Ilad Ixen introdneeel into the cold area with the Atlantic 
~7ater  the previous aut~unn,  ancl Iiad reproducecl very Iieavily the liest 
ipring. especially along the l~orcler of teniperate lvater. 

I n  the middle of Septernl3er 1953 1M. prtsillrts was very alrniiclant in 
the upper 200 m off western Spitslmrgen (reaching 3900 specimens per 
haul . Yearly all wcre copepodites. 'This observation agrees very M ell 
lvit11 the statement of F ~ R E A R '  (1936) that the specici was ab~ziidant at 
the 1)eginning of Septeiiil~er SO nautical nliles north of Spitsbergen. 
The stock ]lad evidentlj 1xe11 transporteel nort11.cvards wit11 the Rort11 
Atlantic current. 

iVlic~~ocnla~zus pygniaezls ( G .  0. Sars) 
In arctic waters ~Vfici-ocnlaizz~s pyg~nci~rrs  is said to Ire an inhabitani 

of the upper layers D A \ I A  & KOEEOED 1909, JESPERSEY 1934, 1939. 
USSING 1938 and others). As the two species of Nlicroc~~lr~r t z~s  hale 
rrsually lreen confonndecl. earlier statements cannot Ire accepted with 
certainty. ,kt station M, !M. pygr?rcrc.zts is usually taken 1relo.t~ 1000 111. 

]rut a few specimens may l r ~  found higher, el-en ahove 600 m ( @ s T \ ~ n l  

1955, aiicl tlie present investigation). Tlle stock is prol~alrly not self- 
-u~r~rorting, l ~ n t  gets a more or less constant supply fro111 tlle Greenlantl 
Sea and possil~ly also frolil other areas, as Iias been asstlrnecl for C. hype1 - 
horeus (@STVFI)T 1955, p. 27 I .  

134. pygntnerrs is very scarce or a l~se i~ t  from the uppcr 200 111 of the 
Uorwegian Sea in summer. I n  the cold area only a Ee~v specimens lverc 
talcell in 1952. I n  1953, when deeper hauls were tnade. il4. pygi~z(tez/s ~ s a -  

~ o ~ ~ l i i ~ o i i  ill the 000-100 111 and 1000-600 m Ilaals. 

T *(trirctiolts i n  Sizv 

At station M there was a llloderate stock of 114. p y g ~ n a ~ z i s  all !ear 
1 @ST\ EDS 1955) . The size variatiolis have been rliscus~ed (WIBORG 195 2 1 . 
During the year the mean length of the females variccl slightly f r o ~ n  
0.71 to 0.74 min. In  June 1952, however, tlie length distril~tltion in tlic 
2000-1000 1x1 haul was lriiaoclal, with the lnain peali at 0.65 inn1 ant1 
only an indication of the nsual peak at 0.73 mm. In thc 1000-600 111 

l ~ n u l  oiily large inclividnals occnrrecl. The same pl~enollieiioa was repeated 
in August, No hauls were talcen below 1OOO In in Jtrlj-. 1x1 order to 

iiivestigate whetlier this featnie 117a. repeated each year, M .  pygi~zct~rtr 
nras inensured from the deep 11auPs talien at station M in WIay-Augu-i 
of 1950, 1951, 1953 and 1954. A few <mall feniales were fonnd in N1aj- - 
June 1953 and in Alay-June 1951. Tlwy were scarce compared to tllosc 
lwesent j i i  1952, hut always confined to tlie 2000-1000 111 Ilauls. 
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The M. pygrtzciercs talien in tile upper 200 1x1 nor the~s t  of Jan Mayen 
in 1952 (fig. 23) all belonged to the sanle size group as the small fenlales 
at station M, wit11 a nlean length of 0.61 nlm. I n  1953 only largc 
izlclivid~ials (niean length 0.72 inm) were taken in  the 1000--600 rn lraulq 
southeast of Jan Mayen (talde 2 ) .  No specinlens were found abovc 600 
111. 111 rhe cold area individtiala of the same size were talien in  t l ~ c  
1000-600 111 hauls, but in the 600-100 m haul there were allnost 
cxclnsively ssnall inclividuals (mean length 0.61 111111). West of Bear 
island large specimens (mean length 0.72 n1111) were taken in the 1000- 
600 111 haul. but very few triiall IVI. pygrnaezcs above 600 m. In  April 
1954 some l>lankton hauls were tilade near Jan Mayen. Ssllall feinales 
of mi. pygrrccccrcs (mean length 0.58-0.62 inm) dominated in the upper 
GOO 111, l ~ u t  in the 1000-600 m llanls sillall anrl large specinlens (mc:in 
length 0.72-0.74 inni) occurred ia ahout equal z~uml~ers  (table 3) .  
Tminediately west oI J211 'iiZayen (fig. 20, sts. 6 and 7 ) ,  soine large fcinales 
srcl.c also found in a 600-200 in Ilanl. 

I t  is very difficult to gire a satisfactory explanation of the variatioxir 
in Incan length. Onc tnay assume tllat the sinaller individuals llnvc 
tlcveloped northeast of Jan Mnyeii in  water of higher temperature illan 
~isual  for the main part o i  llle stock. 'Wlletlier such conditions are forulcl 
regularly or only in  certain years is not certain. Another possilrle 
cxplanatioa is that in some years IVI. pyglraaercs may produce two genern- 
lions, one in  the early spring, anotlier in late smnmer or autumn. Irt 
;trty case the presence of sinall individuals below 1000 in at station M 
111ay 11e talcen as proof that tlle 1,ottom water llas been renewed. 8tIle1-- 
 vise the small jndiviclr~als shonlcl ]la\-e l~een  present a130 al~ove 1000 111. 
Vl'n~.tl~er investigations are clesiral,le, especiallj- in deep water 1)e~~rccia 
.7;1ii I\'lnycn, Greenland and Iceland. 

Metridia lo~ tgn  (Lubbock) 

il'lctriclin Loizgcc is very nuinerous in coastal waters, especially in tllc 

irl~crn~ediate lay crs ( JESPEI<SE\ 1934, 1939 ) . l t  also thrives in 4,oreaZ 
areas, e.p. in the cleeps of the Nor,vegian fjords ( R U V N S T R $ ~  1932, 
W I I ~ O K G  1940, 1954). At station 31. 1Vi. longn is   no st coinillon l ~ e l o ~ v  TOO 
111, \ritli a inaxiinuill in the 600-100 1x1 layer ( P s ~ v e n ~  1955). Tljii also 
ireins LO he the caae in  other paits of tlie Kovwegian Sea, and for 111;~. 

rcaqon tlle present illaterial c~n t lo t  l,e regarded as representative. d/%. 
lr~rlgtc was taken in moderate n t i~~ i l~e r s  at rnost of the stalioas, usrlallj 
100-1000 specimens per haul. I\finima are indicated ~vhere the 3 o r t l ~  
l\tlantic current is of greater influence, l ~ u t  there the inai~i  stoc!i will 



p~.o l )a l ) l~  l)c ionncl at a greater deptlr. Tlie species is probably .i7rrp 
c.orrinion in the deeper layers all over tlie Norwegian Sea, 

~ ~ S I ' \ E D T  (1955) concluded frorn the occurrence at station M of cope- 
i)odjtes of stage 1-111 that tlle main spawning took place in April-R'iajr. 
111 tlie i\orx\~egian Sea, nauplii and stage 1-111 cope~odites have 1)eerl 
Cotintl froln Jnne to August. In June the fernales were u s ~ ~ a l l y  inost 
altrtndant, then lnales and stage V copepodites. 

Vc~ricitiorzs  it^ S i z ~  

Tile fertlales of 1M. loi~gci were realarkably uniform in size all over 
tlte Norxvegian Sea (mean length 2.65 mln, total range 2.46-2.87 min).  
1 1 1  111c cold area the individcrals were slightlj- larger (mean length 2.66- 
2.69 Ilun) than in tlie t e~nl~era te  part (2.62-2.65 nim),  but exceptions 
\irere Sound. Fro111 station M we llave length measnrements throughout 
1952. The mean length ~ar iec l  between 2.62 ~ r l l l l  and 2.66 mm. Thus 
IW. lol~gcr rvidentiy grow up in the intermediate water layers which offer 
neal.ly t l ~ e  bame iemperature coilditions in l~otll the cold and warin areas 
ol  lie Sorwepian Sea. 

For Xast Greenland fjords JESPPRSEN (1939) gave an average length 
oE leinales of IW. loizgn of 2.78 mm. U s s ~ n c  (1938) gave 2.65 mm, 1)nt 
ltis I~auli; were only talien do.cvn to 50 111 and there is the possibility that 
11e only sarnplccl a part ol the stocli. For sonte copepods, e.g. Crllrri~lis 
l~yperbo?ezis, tliere is a tendency for tlie siilaller jnciividuals lo Iteep to 
the upper linlit of the vertical distribution (11. 27) .  

Metridia lucens Boeck 
Mt.triclici iz~ce~as ia usually regarcled as an Atlantic species, ]jut local 

stoclcs ma> exist in  certain areas, e.g. tlie Skaperak and along the Nor- 
~vegian coast ( F ~ R R A N  1911, RAE & REES 194;. KIBORG 1954). At station 

t l ~ i s  copeljod is nlost ~ o l n ~ n o n  in water of Atlantic origin, espacially 
i n  winter (@ST\EDT 1955). In the suiilinrr 1i:ontlls of 194'8-1953 Ilf. 
l~rcenv Tsn? most abundnrit in t l ~ c  eastern part of tlle Norwegian Sea. 
Tlte ~i la ln dislriljution (fig. 24 ) is r ery airnilnr to that give11 hy F~RI;.\N 
119101. ,I[. l r i~p i~s  was aiso present in Ion numbers farther north, off 

Bear 1s1and and Sljitsbergen, in accord with previous ol~servations. I r i  
~ l l e  deep 11auls taken in 1953 and 1954 it \\a, also recorded near Jan 
l1layen, but not foulld i11 the colt1 area northeast of the island. 

Ultring the suiumer of 1950 111. ~ L C C P T Z S  74aa r ery al~ltndant in a section 
Sroin Korway to Shetland, I ~ u t  t l ~ e  numl~er  Jeclincd verj- rapicllj- in the 
Slictland-Faroe Channe'l. This indicates that n local stock had d e ~ e l -  



Fig. 24. The l l~ail l  d i s t r i l ~ u t i o ~ ~  of PIetridic~ luce71s in the  
So r~ i ep i a l l  Sea ill 19423-1953. Crosses indicate single records. 

oppecl in the area east of Shetlancl. Altl~ough iVI. lzic~rzs maj he I~rougllt 
into the Norwegian Sea \\it11 the I\cortll Atlantic current, i t  tllrives in 
coastal waters an;l nla! attain it i  greatest nniul~ers ~vllere tile Atlaiitir 
Fvatcr is inore or less mix~c? with coastal water. 

I t  has l~een  s1101c.n that 11. lztcerr, varies in size froin one locality 
to another along the coa$t of N~rxvaj (Wrso~c  1954). Fen~alca of M .  
lrireras were also measored fro111 station VI. During 1952 the inean l e n ~ t h  
increased lroln a miniillmn of 1.65-1.69 111111 in April-Ma)- to a 
m a ~ i m u m  in July-August ckf 1.87 mli~.  Later there was a sliqllt decrease 
to 1.74 miirn in Decernl~er. 11nt rr llipll fig-clre of 1.85 inin in Octol~er. The 
figures were a little liiglzer than the corresponding 1-alues off the coast 
of Norway in 1949-1950. 

111 a section froln Mare to Jan Majen, and off Bear Island the lileail 
lcngtl~s at the beginiiing of Jrulc 1952 were verj uniform (1.79-1.85 
~ n m ) .  Off 111e xvcst coast of Sliit.;bergen M .  ~ Z L C P ~ L ~  was inore scarce aild 
tlle mean lengtl? was onlj 1.73 mmn. This inclicates that M .  l t ~ c ~ r a s  is 
constailtly carried ~ lo r thwa td~  wit11 the Kortll Atlantic current. The 
i11dj.i-iclaals formd in the nortI:ernmost localities mere rransported 



Sarthest. They rriay l~elong to a generntio~l wl~icli llarl grown up in thc 
souther11 I'iorwe~ian Sea during tlle preceriing aututnn. Those farther 
$out11 lvere trar~sported for a shorter periocl and maj helong to tlic 
si)ring generation, either ill tile southern 3ornegian Sea, or in Dorwegian 
coastal T\ aters. 

M .  lrcceils is evidently- not carriecl into the Greenland Sea lilic 
Ctrlaizzcs fi?zrizcrrchictcs and Pscridocalrcrzrcs iilt~~zctzrs. I t  has 11een recorclcd 
from tile north of Spitsbergen in  81"40' 3. lat, I F ~ R R A N  1936), lint was 
not found 13-y- tllc Relgica expedition I D  \ \ I  is rY ICOEFOEI) 1909) nor in 
East Greenland water? north of 61" X. lar, I JESPERSEN 1939). 

Mctr id ic~  nauplii I~avc  been foilnd fairl) al~undant in  the Norwegian 
Sea at n numl~er  of localities. Those pre3ent in tile soutl~ern part in 
Jtulc and J u l j  pro1,ably belong to ]?I. Z Z ( C ~ J Z S .  In contrast to M .  lor~grc, 
tlris species lras 3 or 4 spawning pcriorls a ? enr i R \E 1951, \VIBORG 1954 ) . 

Oithona similis Claus 
Oithoizcc sinailis is one of the n~os t  co11111loil copepods in northern 

waters, l~ot l i  in coastal water and in tlie open ocean. esl~ecially cluring 
late snnlrller ancl antnmn. I t  is nlost common in the upper 50 111, but 
present at all depths. I<noxvn as a eurjllaline and eurytherm species, 
it is supposed to reproduce heavily rnost of the year. 

The distril~ution of 0. sintilis in the Sorwegian Sea was l~lottecl 
(fig. 25 I .  The distribution bears sonie reseri113lance both to that of 
Psez~doc:clarizcs i i l i i tz~tz~s ancl of Clrtcclen boriwlis (figs. 2 2  and 2 7 ) ,  but 
Oithoitcc siir~ilis has a illore extensi.ie tlistril~ution. Tlie great concentra- 
tions on the frontier between cold anrl ternperate water and in the 
central part of the southern Norwegian Sea are especially remarkable. 

I t  is again stressed that the ol~servation~ in  the southern part ~z~e re  
taken nlainly in Jnly and August, those in the cold area in June. 111 
Scpteml~er 1953 0 .  sirizilis was very al~undant off weslern Spitsl~ergen 
from the coast to allout 5" 03;. long. Alono the coast of Norway tilere 
is usually a m a x i ~ n u ~ n  in the stock in August-September, but sometil~ac~ 
also ill May ( ~ V I B O R G  1954'). At station 31 ilie n i a x i ~ n ~ i n ~  is reached at 
the cntl of June, 11nt there are also peah* in August and Octol~er 
(Gjs~vt.:n~ 1955). 

Oitho?zn spinif-ostris Claus 
Oitl~o~zcc spir~irastr is  is usuallj regarded aa an Atlantic for~n ,  ]jut it 

lias 11een identified in the plankton of the Xo?.i\egian Sea as far as north 
of Spitsl~ergen at 81' N. lat. ( F A R I I ~ A  1936). I t  was ~1ro11ably carried 
h e r e  1)y tltc Xortll Atlantic current. It a150 occ~~rs .  thougl~ scarce, in 



Fig. 25. Quantitative clistribntion of Oitholzn similis in 194'8-1953. 

some fjorcls of East Greenland (JESPEBSEN 1939) and its presence there 
is possil~ly connected with the warn1 underc~~rren t  fro111 the north. At 
station M, 0. spirzirostr-is \+-as 111ost al~undant in the 600-100 in layer, but 
~nodeuately atuncrous in the upper 100 m i &lay and J~rile ( @ S T \ T E ~ T  1955). 

0. spinirostris has heen found in moclerate nnml~ers, usually 50-500 
sl~eci~nens per ha~al. at nlost of the stations in the Norwegian Sea. I11 
tilt cold area it  was tnissing in the surface layers, I J L ~ ~  was fonilcl below 
100-200 111. l n  1953 it was illore scarce in the upItsr layer? t l~a i l  ill 
the ~ ~ e e c d i i ~ g  year frorli the Bear Island section to the northwester11 
coast of Spitsl~ergen. Thc areas where ilre stock of 0. s~~irzir-ostris 



Fig. 26. Quantitative clistribution of Oithona spinii.ostris in 
1948-1953. 

cxeeeclecl 500 specimens in the upper 200 m were plotted (fig. 26). The 
area of maximum a1,undancc is mainly limited 11y the 4 O  and 7' isotllerins 
at 50 m. Station 81 falls w i ~ h i n  this area. In  June 1951 0. sl>inirostris 
was also abunclant from M@re on the west coast of Norway to Shetland. 

Oncaea borealis G. 0. Sars 

Oncclecr borenlis is usually found in  interlllediate or deep water, 
altliougli i t  may also occm near the surface. According to JESPERSEN 
(1939) the species has its main distribution in colcler, partly arctic areas, 
I ~ u t  it is also cormnon in ~ l l e  deeper layers of solne Norwegian fjords 
(KUI\INSTR@RZ 1932, WIBORG 1940). At station M i t  is present 13elo.t~ 100 
111 all the year ro~lud  and especially nunlevous hetween 1000 and 600 111. 

111 May and June a inadcrate stock is found in rllc upper 50 ni (@ST\EDT 

1955). 111 East Greenland waters 0. bsrenlis is al~iindaiit near the coast 
in the I'olar cnl.rcnt (JESPERSLN 1939), and also numcrous in the fjords 
in Jtlly-October (USSING 1938, DIGBY 1954) . 

The distribution of 0. l~orc t~ l t s  in the horweaiarz Sea in 19448-1953 
(fig. 27) is verj siniilar to that of Pse~cclocr~~r~~ztcs nlirzzctrts, but nitwe 
restricted, prol~ahly I~ccanse the 11auls were not talcell deeper t l ~ a n  200 111. 



Fig. 27. Quantitative distribatiorl of O~lcaen borealis in 1948-1953. 

Oi~cacci borecilis was present at most of tlie stations, but scarce outside 
the llatcliccl areas. A few deep hauls talien In 1953 revealed tliat in  the 
cold area 0. Borealis was found inaii~ly in the upper 100 111 in  some 
localities, in otliers bet~veen 600 and 200 m. I n  the temperale area the 
sl~ecies was ver) scarce down to LO00 in at three stations. I n  Septeml~er 
I953 fotile specimens wcre taken in the upper 100 in off western Spits- 
l~ergen. FARRAK (2936) founcl 0. borealis in abundance north of Spits- 
ltci.gen in July. 

A nuinl~er of females of 4). 6 0 r ~ c ~ l i ~  317ere measured. The total range 
of variation was 0.425-0.525 nlin. 111 1952 three size groups could 11c 



di3tingnisllcd. f r r  ~ h c  colt1 area the Semales were ilrlail (rrlcatr lengtlr 
0.47 rtlnrf except at two stations, where they 'tvetaged 0.485 txirrt, the 

as soutlleast of Jan Mayen and north of t11(, Faroc.s. In 1953 0. 
borcnlis was also snlallcr in the cold area. In  Se1)teail)er 1%3 i ~ r  teni- 
perate water off Ivcstern Spitslsergen the I'c~-m~;llr% 1 1 a d  a rl~eatl Ietrgtlt 
of 0.47 mm. 

3111 conlmon wit11 Ps~i~clocctlailrrs I I I Z I I . I L ~ L ~ S ,  the i~ltaller intlivid~~als ol 
7 7 (brrcri~tr borc~rrlis are found in  the colcl area. Lhe reawn may ltc tlt;~t 

Fig. 20. Variation in rileail length of fe11ralr.i o l  0 1 r c c r c c 1  boic~cr1i.s 
a t  station M ill 1952. 

11iey also hnvc their origin in tlie temperate areas of tlie horwegian Sea. 
As 0 .  borecrlis 3s lound in numbers ill tllc upper 100 111 at station Nl 
cluring snlunner (@STVEDT 1955), sollle inclividcials irlay be carried a\j7ajr 
with the North Atlantic csarrent, as was suggebted in  tile case of Psc~rrtlo- 
ccclciizrrs I ~ Z ~ ~ Z Z L ~ Z C S .  The presence oi s111alI OIIC~LPCI  bor(-'nlis wekt of Spits- 
I~crgen in  Septea~ber 1953 also supports this l~ppothesis. f t  is also possible 
tllat local populations lnay 11e found in  the coltl area, liviilg rtrtcler similar 
tciaperature conditions in the iilter~llediatc layers. 

I n  Scoresby Sound, East Greenland, fenlalei of 0. borc.nli.5 111easurc.ct 
0.42-0.54 mnl, mean l eng~h  0.47-0.49 nllri (DIGBY 1954). 

0. b o r ~ c ~ l i s  females taken at station iV1 clririt~g 1452 were also 
111easuret1 (fig. 28) . The mean length increasecl from January-March 
to a maxirnuln in June-July, and decreased afterwards till Janilary 
tile following year. Tlle size curves differ sotliewhat f ron~  one dcp t l~  
lo another, ba t  tlie main features are tllc same. Jf we consider tlrc 
changes in  mean length as percentape of the 111initntlrrt le~rgrli, thert= i -  



. t i ]  inc.rea.~c, of 7- -10 ' 1 i ~ i  rlia~iiiinru length. For Microcrclar~ns prcsiflns 

anrl C .  /irziizrcrrlzl;crt~ ~ l ~ i i  figure has 1,eeii calculaled as 13 C/o at station 1\11. 
la1  neritic spec-ies tlic relalive length variations can be i i i t~cl~ greater, 
a i  higlr as 33 '/: ill I'sr~zrrlocctlr~izr~s elor-Lgt~trcs. 

Oizcar~rr borcwlis i3 very ahundant in  tlie innel- part of the Oslo fjord 
wit11 nlaxirt~u?i~ occurrence in  tlie upper 50 m (WIBOBG 1940). Below 
25 111 the ienlperaturt: is 6'-7'C. all pear aiid tlie iiiaxilnuiir salinity 
is 32-35 O / ( , , , .  'rile 0. horr~trlis from the Oslo fjord have I~een  measured 
Iroin two ztationi. ill 111ly 1933 atid Fel~ruary 1934. 'rile liieail lengths 
~ \~c lc .  O.1Z.I illin and 0.413 mill respectively, tile range 0.40-0.49 m1n. 
r ,  l l tr  slii,tllcst sl~ecii~lcns. taiieri in Feljruary, llaci prol~ahlp grown 111) 
ditring 111e airlutiin in waler of higher temperature. those ill JLI~! 
c\~i(lci~tly 1)elongcd to tile generation hatclied in February. The occurrence 
of 0. bor('rrli5 ill the Oslo fjord is perliaps similar to that of 1VIetridicr 
loitgn there. I~oilt ,l)eries otherwise living ill the interniediate and clecp 
l;l!cr$ of tlte Norwegian Sea aittl in tlie upper 1a:ers of arclie sea- 
( J I C ~ I V  IW,Y 1939) . 

Other Cope1:ods 

lYcvYtic sprcics : l'trrcrcr~ltrr~cts ~ ( L ~ U I L S  (Claus) . l'sezrclocc~lrrr~r~s clorrgc~t~rr 
t J<occ.L I , 7'c~iitorrr 1otrgir.oriii.s (Miiller ) , C r i ~ ~ r o p a g e s  hn1izrrtr~s (Lillje- 
I~org) . Acrrrtio clrrusi Gic~hrcclit, 4 .  l o i ~ g i r ~ i i ~ i ~  (Lilljeljorg) , AizoiizriZocerr~ 

j ) ( r t ~ r s ~ ~ i  rL'eii~~)lcton. Cctttropugr~s iy11icz~s ljriiger Inay 1)e inclutlrtl licrc. 
;~ltl toogl~ it  is also Atlantic.. 

Crr~trolxigc~s tyl)icri.s were all abundant in a sectioi~ from western Sorwnj 
to Sl~etland in July 1930. P. c l o r ~ g ( ~ t z ~ s  iinml~erecl more than 70 000 speci- 
nielib pet. ltaul ;it sonle -tations. Iii the o t l~er  areas of tllc inaiii O C C I I ~ -  

rcync*r ilic aliffercnt bl>cc.i?h scldoiti exceedetl a feu 1rt1ndre;l specilnen~. 
7'c.iirorri lorzpicornir was *elected to illustrate the distril j~~tion of neritic 

organisitls (fig. 12, 11. 21) .  In Julj- 1950 and 1951 T. loi~g.Sirorrzis was verj 
,~l,iutdolit in llle Icelnncl -Faroe area. B'lorc, ~ h a n  15 000 specilnells per 
11au l  I \  rrc talien nra l  111a. slope, I,ut abu~itlailce dcc.reased I crj  i.ncldenlj 
io\\,artl- tlecl) .trratel.. 

.S'i)r~eics o/  A~lrir~tir .  origitt : In adtlitioli lo Cci~tropcrpcs typic~rs,  111c 

lollo~vi~~:; .,l)cc*ir~ havc I,eca recorded 5inglj or in srllall ~ l u i l i l ~ c ~ . ~ :  
Il:rrccrlar~r~,s ( ~ O I L ~ M I I I S  Dana. in the Faroe-Shetland Cliannel in Jn l j  1930. 
I~hiitr.trltrititr i~rrsrttrra (:ieiltreclit off iiortl~crn i\;or.tvay and .rvcs~ of Bear 
Iil;~ncl, (:l~rzrsocnlrtizirs rrrcrricori~is (Dana) off iSilfire in ,Julie ancl Augilit. 



Scottoccilrrrzits secririfrotzs (Scott) wac; taken at approximately 71' W. lat ... 
10" E. long., l~elow 100 m. This seems to he the northernlost record 
of this species (@STLEIIT 1955 ) . P~et~roiizctiiziizc~ robzrstcc (Dalll) was 
caught singly froin north of Sl-tetland to nortliern Spi t s l~er~en ,  al~vnys 
i t 1  Atlantic water. 

Species of iizterrtzediale or d w p  lcrycrs: Spiraocnla~zzts abyssctlis 
(;iesl,rechi, Aetidezis ctriizntzts iBoecli), Chiridizis obtzrsifrotzs Sars, 
Caidizis ierzlcispir~z~s (Sars) , Pnrc.rtchcie~cc rzorvegicrt (Boecli) , P.  farrcrlzi 
I With) , P. glacialis (Elansen), Scaphocctlrcizz~s tilngiazrs (Scott), S. b r ~ v i -  
(wriais (Sars) , Scolecithricellci minor (Brady) , Plez~ronac~iniizcr eibdo~tsiiztilis 
t Labl~oclr) and Orzcneei coiaifercr Giesbreclit were all founci illore or less 
I egularly. usually singly or in srnall numbers. Pcirezcchaetci noru~gicci 
,tnd Scolecithricella 7nzizor were most common. According to GRAN (1902) 
klle fornier is characteristic of the intermecliate layers of the Norwegian 
Sea. @ST\T.DT (1955) found Prrrez~chrielcc i~orvegicn il~ost abundantly he- 
twcen 600 ancl 100 ni. The present material i.; therefore iiot representative 
o l  the distril~ntion. TIie species was talreli regnlarly in n~unbers of 20 
to 50 per haul, but seldoin ahove 200 m in  tlie cold area. JVlicn deep 
I~anls wcre made, P. ~zorv~gicn was iiiost nuiiierous in tlie 600-100 111 

l;lper, but was also conlaion l ~ e l o ~ v  600 ni. - Scolecithricrlla irzirzor was 
c.:tt~gl~t fairly often in  all areas when the hauls were talien down to 200 111. 

Other species : Microse~clln rlorvegicn (Bocck) was taken regularly 
i l l  ,mall ntunbers, especially in tlre central part of tlie Norwegia~i Sea. 
I<c,c*:~usc of its small size, i t  Isas iiot caught c~nantitativelj- in the net+. 

C o e l e n t e r a t a  

Aglantha digitale (Miiller) 

hccordiilg to GRAN (1902), Agleir~thn digitcile is indigenous to the 
-\.\or\\regian Sea. Tlie adults are iiiost conimon in the deeper layers. The 
\ orlag are soiiietinles very a1)undant near the surface ancl may be carriccl 
I* ilh t l ~ e  currents. @ST\ EDT (1955) usually found A .  digitcrle belo~\r 100 
1 1 , .  but a large numl~er  of young individuals was talcen in tlie upl3cr 
layers i11 June and July. 

Tlie distribution of -4. digitrtle was plotted for 1948-1953 (fig. 29).  
'I'iie rriain stock was founcl in the central ancl southern part of tlie Nor- 
~zcgian Sea. Single specinleiis occurrecl ~viclely except in the cold area, 
:t~id froin Bear Island and northwards. I n  Septeiiil~er 1953, 50-250 
young per vertical haul were taken in the surface layers off western 
Sl>i tsl~crgen. GRAN (1902) observerl a Inass occurrence of young Aglrci~rl~n 
-otr~lwast o l  Bear Island in Anpust. Therc is probably a centre of pro- 



Fig. 29. Ql~ant i ta t ivr  distribution of / ~ g ~ a n t 1 l n  (Iigitclle in 1948-1953. 

I P ; I ~ ; L I ~ O U  i l l  the cei~tral part of the so~rtlleril Norwegian Sea, Erosn .cvl~crc 
jlo~llig il. ciigitrcle are clistri1,tited to other areas. Faisel: (1952) l i?~.  
4. digitrrlc. together with Sagiltri sc~rrrttorle~ztciict as A t l a ~ ~ ~ i c  specie?, and 
FRASI~R & SAVILI~E (194'9) found i f .  cligitcrl(. in q ~ ~ a n t i t j  in the Faroe- 

Slletlaild Channel is1 July 1948 ~ ~ I o n g  ~vit l t  Atlantic organisnls. 11 inaj 

tlrerefore Jle carried into the Norwegian Sea with the Korth Atlantic 
c111~ent. 111 the Deninark Strait tllcre is another current of Atlantic. 

\t7ater, tile Irminger curreut. At weather station A. 62" 5. lnt., 33' W .  
tong., sn-zall A.  cligiirtlc were extrenrely al~l~nclnnt Iroin July to October 

19511. 



Other Species 

111 Joly 1950 Bozcgreirrvill~~ci l~r ir~ci l ) i s  (Steenstrup) , Lrcoclict~rt ~ ~ r t ~ l l ~ l a t r ~  

(t:o~.ljei 8. Gooclsir) and Plricrlidiz~~iz sp. .icrcre fotmcl near the Faroes, 
(:osi~ic,tirrc piloscllcr Forl~es near Shetlaiid. Dipl~yes  rtrcticn (Chua) 
occul.rctl often in the clcep lsanls. Agcrl~nopsis clcgrclzs Sars was talceti 
near ille Faroes in Jnl j  1Q50, ancl off the coast of Nortll 3o r~vay  nntf 
~ r w t  o l  Bear Island in June 1952 

P t e r o p o d a  

Li1ii:rcinrr r(~rovc>r-$ re ( Fleniing ) was nsuallp ~ ~ i r l ~ l c r o r ~ s  in 11le srirface 
efi  ae station i\il in June-July tulscl Sepie~nber-Novemh i @E~TVI~,I) I' 

3955). 
r 3 I l ~ e  distril~r~tion i11 tile Nor~vegiar~ Sea in 1948-1953 wac plo~tcal 

iEig. 30) .  The distril~ution is very similar to tliai of Aglniiihrr digitrel(2 

(J'ig. 29 1,  11ut there we  a190 co~icer~lratioiis 11e1ween Shetla~lcl and Nortva) , 
t ~ l l c f  ofS Nortlt Norw~aj atid Bear Lslaad. In the Nor~eg ian  Sea tlre stoclr 
i- prol)n111) supplied I,oth froin the Atlantic ( P ~ U L S E N  1910)- and fro111 
~rcarlq coastal areas. At station W1 the spccies was not taben clnring 
L41)ril-Alay. ant1 an increase toolc plase tery sndclcnly in Julie (Qbs~vr:o.i 
195.5). In Septeml~er 1953 Li~i~cecirzcr rptrovcJrsci was talten in njloderarc 
xuunliers imlslediately uest of Spits1,erpen. 4 vertical haul close to lltr 

cowl yieltlccl 22 400 small Lil~zaciirrc, p~.ol~al)ly L. r~rrouerscc. 
1,. hrliciirct ! Pltipps is an arctic species. D inras & 1Coc~oi:n (1909) 

fot~i~cl it in  the fjords of Greeul?a~cl and Spitbl~ergen, near Rear Tslttnt~ 
ant1 Jan Mapen. a:id in  the colt1 area of tlle Norwegian Sea. F R A ~ E I ~  
11952) stated that L.  Ize!iciizer is usually talien topetller wit13 Cnlanzcs I zyp~r -  
hol.~zrs, Wfrtridicc longrr, OiLopic~zrrcc urcr~hijffrili and otller- arctic specie.. 

The clistril~~~tion of Liinrccirzrr h~l ic i i zr~ in ~ l l e  Nor~vepian Sea ill 
1948-1053 was plottecl (fig. 30) .  Most of the iiidividrrals i a  tlte cold 
area -r\ ere very s111all. Larger sl)eciil~ens were only talien along the coaql 
of Bear Islancl and Spitsl~erpen. The exact distril~ution of 6;. lcclicincc 
co~cld not lte deterlnined, as tile snlal/ iiidivid~aals wrre not alwaj- 
idrntifiect to species. The l~orrntlary p ro l~a l~ l j  coillcitles ~ i t l t  the l°C. 
tsotherii~ a t  25 m. 

Clioize Li~~~ctcitzrc (Phipps has 11een talcell singly or in small n n ~ ~ ~ l ~ e r ,  
in all areas, 



Fig. 30. Quantitative distribution of Limacina helicina (west of the continuous, and 
east of the feathered line), and of L. Tetraversa (east of the continuous line) in 1948-1953. 

C h a e t o g n a t h a  

Sagitta elegans Verrill 

According to FRASER (1952) Sugittci elegurls can 11e diviclerl into 
three subspecies: S. e .  elegccru, a coastal forni associated wit11 oceanic 
influence, found on 110th sides of tlie Atlantic; S. e .  bnlticci in the Baltic; 
S. e .  arcticct witlz a boreal-arctic distril~ution. In the present riiaterial no 
distinction has been made hetween the sul~species, but it is assizmerl 



Fig. 31. Quantitative distribution of Sagittcr elegarls in 1948-1953. 

that tlicre is mainly S. P.  nrcticn. At station &I, (i)srl'v~D'i. (1955) found 
this snBspecies exclusively. 

The distribution of S. elc~gccr~s drrrii~gi 1948-1953 was plotted (fig. 
31). Tlae iliain stocli seeins to 1)e concentrated in the scsxttlkern part of 
tlrc Nor~ve~ ian  Sea, and few were found in the cold area. The specimcrts 
present were possi1,ly brougllt in by the warm current northeast of Jan 
Majen. S. clegans was very scarce in  the deeper layers in the cold area. 
Off ~vesiern Spitsbergen it was only talcell in Septeri~l~er 1953. Singlc 

iiadivirlrxals occurred all over the lemperate area. At station 7!l, @YTVEDT 

(1955) l o u ~ ~ c l  S. elegnizs i n  quantity in the upper 100 1x1 only in June 



Eukrolznia Izamata (Mobius) 

F ~ ~ ~ s ; E E  (1952) states that Ezrkroh~iin leci17zcctrc is founsl at all. c1eptll~ 
in  Itoreal vatcrs, but in more te i~~pcrale  zones it  is associatecl with col(1 
H nier. I t  is uqually talien with Sugiitc~ P L P ~ ( I T Z S  circticn, CQ~ILIEILS l ~ y ~ ~ ~ ~ r b o r ~ ~ z i s .  
Wc~ri t l in  loizgcc, Liriarrcirzn ht.lic.iizec anct other cold water species. Accort l j~l~ 

10 !'IST\I;I)~I (1955) it  is n p e r ~ ~ ~ a n e n t  1tren1l)er of the fauna l~clow 200 111 

at itation 1'1, with I P : ~ X ~ I ~ I U I I I  ocrurreiice ill the 600-100 ni I'tjer. 11: 
upper 100 m 11e found the ilighest nmni~er  in Jnne. 
r 7 1 lie qtrantiiative djstrilt~~tioii of Ertkrol~~~icc iznrlzrcia in the Norncgiail 

Sea in 5948-1953 was studied (fig. 32) .  I n  contrast to Srrgitfn P I P ~ ( I I I S ,  
E~~l~rohr~ icr  lzcrincitcr is conilnon all orcr the Aorwegian Sea and lnucll 
rltore ntrmerous, especially in tlre colder parts. as was also Sonncl 1)) 
i ) a ~ ~ s  tY: KOEFOBD (1909). One must rememl~er. I~owever, that the hat113 
cannot Ite regarded as representative of the population. Tlie deep Iinuli 
talien irz 1933 sliowcd that tlie maximuml occurrence wa; I~et~veen 600 111 

;tr~tl 100 111. 

C l a d o c e r a  

The tlistril~ution of Eu(ccZiw i~orcE~~~( i i~ i i i  Lovkn has alreacl:, l ~ecn  
tliscnssed (1). 22).  I n  coastal water? Podon spp. 11sual1y Elarl the same 
clis~uif~niion as Evccdrz~. Along tile Icelantl-Faroe ridge a nlaxi~liurn of 
2100 specimens per liau! was taken in 3111) 1951, hut tlic a11uildanc.c 
tlecrensecl Tery rapidlj torvards cleep wTater, i lo  specinle~~s .icrcrc fo t~ i~ t l  
\ct.j lar from sltorc. 

O s t r a c o d a  

Tlle oslracods l~eionp to the interniediate nnd deep water lajera. 
ant1 arc tilerefore not accurately represeiltccl ill the malerial. 1x7 tlic 
cold area, and north oi Bear Irlancl, ostracodb were talicn quite regularl! 
(50-400 specimens per haul)  11ui were ~ n o i t l j  j~r~~eniles .  Whcn clccl)cr 
hauls were made, the ostracods were found alinost equally di~tri1,zitetl 
in t l ~ e  600-200 111 a i d  1000-600 111 hauls, l ~ u t  never in  large nunl11rr.i. 
'1'Lle n~axiliium was IOOO specimens in the col~imrr from 1000 111 to ~ l ~ c  
s~~r f ace .  'Tlrc species nlost often present were Coi~choc>circ c>lcgrcl~s Sar- 
;trtcl C. borcvrlis Sars, but C. obtrisara Sars \\,as also talicn. 



Fig. 32. Qunrttitative distribution of E'ttkrohrtin hnntcrtc~ in 1948-1953. 

A m p h i p o d a  

Tlzenzisto abyssovzl~~z Boeck 

According to GRAY (1902) TI~elnisto ctbyssor~crlz, is very c o ~ l ~ l ~ l o l l  in 

tile i\;or~ve#;an Sen, aucl is ci~asacterized as oceanic-arctic-l)oreal, \\it11 
tltc r:lain clis~rihution in  water of arctic origin. Adults were ~t la i t l l !  

t:,!ren in deep xatet ,  .ici!iile the young ~ v c c e  in  the nppes 1'1y".>. l i t  

<-tation '\I, f l s~ \ ' r ;n~  (1955) fo~llld t h e  acl~ilts tilaillly i~elow 100 m, nloel 
al,trnclantly below 600 In. The oung were colntt~ou in the upper 100 111. 

wit11 the iziaximnm occurrence in  April-Jl~ne. 



Fig. 33. Tllenzisto abvssorum. Hatched areas iilclicate \\here the stoclr 
exceeded 100 indi\iclnals per vertical haul. 

T.  nbyssorzirn was very common in tlte Norwegiali Sea in 1948- 
1953. Becanse of the shallow hauls niainly young specii-nens were t?l,cxi. 
'l'lic areas ~ v l ~ e r e  100 or more spec i~ l~e~is  were ~alccn per haul, Tvr1.c 
plotted (fig. 33). in 3948-1950 the nun~ber  per station varied betwerr~ 
4 and 160, averaging about 20-50. In the southcra Norwegian Sea 
250-508 speciiliens were talcell pcr station in 1951. T.  rtbysso~zcria. way 

\erg abt~ndant in the colcl area in June 1952 and 1953. The nn~iil)eri 
01)~ainecd eviclently depended on ~ l ~ e t h c r  01- not one sampleci after n 

1)criotl of reproslnction. 



l'hr~lzisto libellz~lri (Mandt) was czugi~t singly at a ~mlnber  of 
Eoralities, especially in  or near the cold area. 

?'hc:~zisto coinpressa I .  conaprc'ssti (Goes) was found at a few st:~lions. 
utainly in AiIantic water off the west coast 01 Nor~vay. 

E u p h a u s i a c e a  
-2s tnelitioned (p. 1 3 )  euphaosiids are not caught quantitatively in 

tr i  tlirmarj I~lanfrton nets. Yl~erefore only inforrrlatio~l on tflc occurrence 

01 the different species xvili be given. In 1951 and 1952 acluits of 
i !%c~g~nyc t ipha~srs  izoruc~gica (1%. Sars) were talien singly of1 the west 
cozbt 01 3or.rvnj and along the Icelanct-Faroe ridge. In 1953 illis species 
t v r ~ i  ;:]SO I O L I ~ ~  southeast of Jan S'laj en and off western Spitsbcrgen at 
nine stations. Mcgarzycripha~zes larvae were fonncl in inoderate nnml~ers 
i r l  Junc--Jl~ly off the Icelancl-Faroe ridge, north of Shetland, and olf 
the \i-e~t coast 01 horway. 

'P'l~y~ri~zoesscc lor~giccircclccta (Kroyer ) was the most cozl~tnon specics. 
,\duLis occurrccl at 65 stations, n~ainly in t11c temperate area, soli~etinles 
as 111a11y a+ 20-30 specimens per haul. I n  1953  he species was also 
talierr in the cold area. Larvae were fairly abru~dant. especially in J u l y  
ill the southern Norwegian Sea, but some were also talien along the 
co~ztinental slope of Norway and off western Syitsljergen. 

Thysc~~soesscc, iizcri?~ is (Kroyer) is a coastal for in and tlie ad~xlts were 

ll~ainly caught near Iceland. off western Norivay, Bear Iceland ancl Spils- 
ltergen at 14 stations. Eggs and early larvae were imnierous on the Bent. 
Islanrl 1,anli in June 1948. 

Thysctrzoessci rnsclzi ( M .  Sars) and Thysar-~opodc~ acrctifroias (Holt Sr 
Ta~tersall)  were both recorded froin one station off M@re in August 1951. 

C o p e l a t a  
Five species of Copelata have been identified, namely: Fritillnricr 

borealis Lohn~ann, Oiko1)Zer~rc~ dioiccc Fol, 0 .  lribrndori~iasis Lohmann, 
0. uaizhfjffei~i Lohmairn and 0 .  parva Lohn~ann. The first two species 
are ncritic. 

Fritillarin borealis was found as al~unclant as 2000 specimens pcr 
Jraul northeast of the Faroes, ancl also alrundant in the Faroe-Shetlanrl 
Channel, northeast of Iceland, off the coast of North n'orxvay and east 
of Jan Mayen. This species Elas sllaxinla of abundance in Norrreginn 
const waters in April-May ancl Jalj--Augrrs~ (WIBORG 1951). 

O i k ~ ~ ~ l e z ~ r r ~  (Eioicn was taken in considerable num1)ers I,et~veen 
Wor~vay ancf Shetland in Jmle 1950 and in ],ant water off Mire ill Jrme 
1952. This species is numerotxs in coastal areas of Norway in  June anti 
Jniy (WIRORG 1954). 



Fig. 34. Quantitative distribution of 0ilioplez~i.a 1nbi.adoi.icnsis and 
0. vat~hoffeeni 1948-1953. Dots indicate recorcls of 0. vanhoffeni. 

The distri1,ution of 0. labrcirilorierzsis ancl 0. vcclahdffetzi 'itai ],lotted 
(fig. 34).  As stated earlier (\'Vrnoiz~ 1954s) there is some doul,t as to 

tile identification of 0. vr~rzh$ffeni. T11e two species were therefore not 

separated. There are ~ w o  iriaill areas ol distribution, one ill the so~~tllerrn 
part of the Norwegian Sea ancl another l~etweeil Jan Mayen ancl Korway, 
1,nt with a few exceptioils the catch never exceeded 100 spccinlens pCI '  

Ilaul. I n  the cold area the two species are very scarce or allsent, except 
new Jan May en. Bear Island and western Spitsbergen. I11 1954, ho~vever, 
0. vcbrlh$f/erai ~vas fount1 in  moderate numl~ers north and northeast of 



Jan h l a j  en. It lras 111 el iouslj I)een rel,oriecl fro111 Spit-l~ergen (Dsnr i.; 
I3 KOETOEI) 1909 j , tllc Barenis Sea LOHIT i n 1901-191 1 1 .  tlcar ShetlamtB 

( BUC IL\ZAT\ 1926 1 ,  the Earoes (Flrisra & S IIILLE 19/10 I ,  ancl the coast 
of ~ \ Q I . T Y ~ P ~  (\WIBORG 1954 1 . I t  is tI-icrefoue :o I,c eapecteci that 0. uc~rzhdj/pn; 

sf~o~rltl  Ijc widely clistril~nterl in the l o tneg i an  Sea. 
0. inbrrrdorie~zsis is lroreal ( L o ~ x \ I ~ u \  1901-1921 ) ancl nnmerotr- 

ill iVor\\cqian roastal waters in June and Jul? ( W ~ n o n c  1951).  The area6 

01 niiavirlluli~ density are iilainiy tlependartt on lllis specics. 
0. ~ X L T ' L " ~  OCCUI.S along tile west coast of I$or\vrtj ( E ~ X Y S T R ~ \ I  1932. 

IV'r~:orrc, 1954) a n d  is .aid to I~elong to tile cfceper xsurmcr layers of tllc 
i~or\vegi:rn Sea (LOI*\IA~\Y 1911 1 .  A few spcciine~ls hale  $een f o ~ i ~ l d  

on cliilcletlt statioiis f r o ~ n  tlte sotti1lc1.n 3or.~vcpia;ll Sca to off nestern 
SpitsI,cr.gen, all of t l~em 1)elo.c~ 200 111. 

T h a l i a c e a  

A few specilllens of Salj~cr jrcsijorr~zrs Cuvier were talcen in tllc 
Fnroe--Slleiland Cllara~lel near Siletl~il~cl i n  July 1950, and some olf the 

roast of i\l$rc, western horway, on 31 -4agust 1951. 4s reyortcel previ- 

onsly (F'IBORG 19541 salps were recorded at station M in Septemlrer- 

Ortoljer 1950, ]jut were al~sent in 1951---1952,  lien they occnrretl 
al)undantly along the west coast of horrvay. 111 1953 salps were again 

taltcn in  na~nbers  at statiari If fro111 25 Selrtellll~cr to 4 l\To\~enil~er. 



A study was niadc of the diitrif~ntion of zooplaahton organisnls in 
the Korxvegiau Sea dnrinip Slay-August 1948-1954. I t  if. Imsecl 0 x 1  

l~lankton collected in ~e r t i c a l  Nansen net hauls in ilte rrpper 200 111. 

firtinples taken 11y the Nor~vegian ~\7catllersllips at statio~i Ill tln~.ilig 
3950-1954, were used as a scppiement. 

r 1  l11c 1t~clrogral)hical co~lclitions ill the area are cliscassetl olr tllc 
basis of earlier investigations. anif on olrservations taliell wit11 tllc 
plnakton samples. 

r 7 I lie greatest coitccnlt~atio~is or plankton were f'o~ultl aloag the slopes 
of the coiltinental sltelves anc? near ilie sril~alarine ridges, ill the l~orclel~ 
areas l~e t~vecn  cold and tetliperate water, and in or near the centres 
ol' tllc cyclonic systems. 

During tlne sutnmer, water of Atlaiitic origin was poor in planlcton. 
r 7 l l i e  most itnportant whaling grounds correspond very ~vel l  wit11 

111e localities where rile largest quantities of planlcton were ol~servetl. 
At station M, inore p la~lk to i~  was usnally take11 in tile up l~e r  25 111 

tluring the night than during the clay. I n  hauls talcen clonn to 200 111 

tlinrnal vertical ~iligratio~l does not influence $he clitantity of l~lanlctot~ 
to any extent, except for eupllatisiitls whiclr usually avoicl the net 
during the clay. 

One iiiay l~roaclly clisti~lgoisll I~et~veen a colcl area, jaclncling the 
Grcenlaild Sea, and a temperate area in the Norwegian Sea. The 
Uor~tler is i~lai~l ly characterized I,p Cnl(ctzrrs lz5perbor~rss, thc latter 1137 
CCII(IIIILS j i i l l~~[~rchicr~s.  111 the teniperate area the central part is clomi- 
liated by Aglalztljrc digitrrle aild Lirlrcrcitrcc rcJtrovcrsn in summer. 

r 7 I 11r distril~ution of neritic organis~iis is nllaiiliy correlated ~villl ~ I I C  
estensio~i of the coastal water. I n  sumir~er Evriclile ~ l o r d l ~ l c r ~ ~ ~ l i  111ay esta1)- 
!is11 a local in the open sea Ijet~veen Jail Rfaycn and Borrvay. 

Temperattu-e is assumed to Ile the inost important factor influencing 
pl.o\vlll and size of copepods. 

The llorizoiital clistri1)utioii uf I arions p lan l i to~~ organis~us during 
tlte stznnner is shown. 



Crclarzzts lzyperlrorezis was elominant in the colct area, l ~ u t  also motle- 
lately al~undant  in the East Iceland current to the north of the Faroes. 
Single inclividnals were found all over tlie teinperate area. Two popula- 
[ions can he clistinguished by size distril,utions. The snlaller inclivicluals 
were fo~rncl in the temperate area and in border areas bet~veen cold 
ancl temperate water. 

Cnlrcraris firzr~zarchiczrs was cloininant in the teinperate area, the 
tlistril~ution in  general corresponcling rvitl~ the volun~etric distributioi-r 
of tlle plankton. Different popnlations ltare been distinguishecl on the 
I~asis of size distributions. Tlie largest inclividnals live in coastal ant1 
1)anlc waters from Gear Islanil to Spitsbergen and in the cold area, ha t  
llle si~laller individnals doininate in all areas. Those present in  the colcl 
area ha l e  evidently 11een introcluced fro111 the teinperate area wit11 
I)ranclies of the North Atlantic current. 

I'se~rdocr~larrris rnirzz~trcs is a native of the open ocean, being replacecl 
in  coastal areas by P. rlo~zgatzcs. The largest stoclis were locatecl in the 
soutllwestern corner of the Norwegian Sea, and in the ])order areas 
hetween colcl and temperate water. P.  r~zirzzrtus was scarce in the colcl 
area. There were two or more populations. I n  the cold area the stocli 
coasistecl of srnall inclividuals p ro l~a l~ lp  introdnced froin tlie teinperate 
area the previous autumn. Sorne large inclividnals were fo~znd near Jail 
Mayen and on the banks from Bear Island to Spitsbergen. 

Microcc~lnrazis ~ ~ z ~ s i l l z ~ s  lives chiefly l~etween 600 and 100 111, and 
is clistril~uted q~ii te  nniformly over large areas of the Norwegian Sea. 
't'lle samples are not representative of the distribution. I n  the colcl 
area the individuals were small anil were prol~ably introduced fro111 
the temperate area. 

Microcrilr~rzzcs pygr~accezes was inaiilly found in  the deeper lapcrs of 
tlie Norwegian Sea, at station &I rllieflp I~elow 1000 In. I n  the cold area 
soil~e sprci~nens were taken ill the upper 200 111. At station M the stock 
is probal~l j  supplied fro111 other parts of the Sorwcgian Sea, ancl con- 
clusions have been drawn regarding the renewal of the bottom layers. 

fidetridicc lorrga was coniillon in the ~ilternlediate and deeper layers 
of tlle Norwegian Sea. M .  ~ L I C P ~ Z S  -as n~os t  al~undant in  the eastern part.;, 
l)artly introdncecl wit11 the North Atlantic curreilt. The bize variations 
of the individuals are discussed for 1)oth species. 

Orzccrecl borralis ancl Oitholza 1zeLgolarzdicrc were botlr similar to 
Psezcclocnlnrzzis r i~ i~zutr~5  ill llorizontal distrilmtion. The latter were also 
nunlerous in coastal areas, especidlly during the autninn. 

Oithoracc spirzirostris is quite coinlnon in ille intermediate layers. 
'I'lle area of maximum al~nndance is generall\. lirnited IIJ 111e 4" ant1 
'7°C. isotllernls at 50 m. 



Ag2rrnrhrt i l~g i t r t l (~  was mainlj confinetl to tllc internletliatc arrtl 
tlceper layers as adult forui, and reproduced very h e a ~ i l j  in June-Julj. 

'The young were nxirnerous in the npyer ers in the central paris of tllc 
tettrperate area of thc N o r ~ r e ~ i a n  Sea, especially 11et.cveen Jan 1la)en 
ailtl Rorrvaj-. L a ~ e r  in  the autumn the? 7c7ere carried farther nottl~rvarrls. 

Liiizncirzrt rc.trovc3isrc mas - i ~ ~ ~ i f a r  to Aglrtrttha rliqira?c. in oceanic 

tlistribr~tion, hut was also slnliberous in coastal areas. Li17zrrcit7n lz~l ic i irn 
was restricted to the cold ;!reaq. 

Srigiitri r!cgurls .tr as ~ ~ r o ~ t  ait:~l~dant in the soutllrvcatcrn part oi the 
\or.r+-egian Sea. EliLrolz~iirr I7n?rrrrtn was COII~IIIOII ~ I I  all areas and  111or.e 
nmilerons illan Strgi~fi!  c/c.gcir~s. ecpeciallj in the colder parts. As the 
t~vo species also lire in tlic inier~i~eiiinte and deeper la!er?, the inaterial 

is not rel3resentative of the di+tril,ution. 
Ostrncods were tlliesl regt~larij. especially in thc told area. They 

lile ~uainl) in the inierilretliate anti deeper Ia)7crs. 
Oi rlle aui~~~hipoels, ''d'hc~rrtrsrcr crbn,ssorzt?n was n~ost  usual. Tt was 

found all over tlle Nor\regian Sea. lrlainlj as yousip intli~iduals. TItc 
higl3est rtn11111ers were oi~ser~ettl  PI the cold area. 

Eggi alrd Larvae ol e:~pl:anbiidi were takrn fairl! regularl!. especialt! 
in coastal ancl slope areaz. Acltrit enpl~ansiids are slot c a u ~ h t  ~ ~ u a n t i t a t i ~ e l y ~  
'I'hysrc~aocssrr ~oi-~gicnrrc~rrtcc was tltc specie> ltlost frcc~nenltlj talien. 

Of ille copelates, Oikoplc~cicc Inbrccslori,~rzsis and 0.  vcinhdffcr~i were 
111ost 1runieroils. There nere one or two inai i~ areas o l  distril~ution il l  

the teiliperate area, but the ropefates ve te  scarce or al~sent in the cold 
area. 0. vctrahdj/rni, 1io.tz-e'ier. Ttns tnhen in nioclerate nnrt~l~ers  nortlr 
o i  Jan  Rlajen in 1954. Fritiilnrlr! borc~crlzs was Iiulnerouu in some coastal 
areas, e.g. nortlreas~ of the Fa~oe;. 

S a l ~ ~ s ~ s e ~ e  taken in tlle Faroe-SI~etla~:d Cllannel in Julj- 1950 ancl 

off the west coact of Korv n! in Ar~prlst 1951. The! 1r7ere nriniel.oos at 
station 34 '111 Septeinl1er--Xorc11111e1' 1951 a r~d  1953. 
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