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Ac is generally !~nO'tJn. Zuphausids or kril1 play an ir:lportant 

part in the food chain of the sea. Because of their ability to LlOVO 

conparatively rapidly the 1:ri11 avoid ordinary plankton nets du:.~ing 

daylight, and their relative iaportance in. the bior.Iass :;:las often 000n 

uuderestir:1Utod. During the daylight, the kril1 also partly live in 

deoper water layers, in coastal vlaters oven close to tho botto:.:, 

(hauchline 1960) " rising to the surface layers at night. ~Ii th :.106.o:::-n 

high speed gear, such as the Isaacs-:add po1agic trawl (I:~I'lT) t:::.o ~:r:i.ll 

are easily caught during the day. 

l-iost kri11 species [i'Warn during sp2.:1;ming tir:1e, o ccnsionc)'11y also 

at other tir:1es of the year, even in bright daylight. The s1'[o.rDinG ,:mkes 

the kri11 very attractive for predators, Iron r:mrine limr.1i_mls to birch) 

and fish. Kri11 are occasionally attracted by artificial lighta This 

pecu1iari ty has been exploited by fisherDen in the fJie<ii terranoQll., wl:o 

lure the kri11 with pov-rerfu1 1aops at night, GOl:letir..les catching 50 -

100 ki10grans per boat, for use as bni t (Fisher, ::Kon ::lnc1 ?:1.onpson 195]). 

SwarLling of }:~"'ill is also lmown to occur in l.Jor~·legiun c02-stetl vlut Q~--G ~ 

During 1'linter and early spring la-ill are occasionally attr::.cted by 

lights located near the seashore. Under certain conditions of CLrrrGntc 

and high tide during the night, large quanti ties of 1:ril1 arc 1vQsl"leo. 

ashore, and Day ba co11ectod the following r:lorning" 8UC11 l:.xill h ave 

been used both as bait, and as fertilizer on the fields. 

In the Hardangerfjord south of SU1:lplos of' :~rill ttlh:.cn 

in this J:Janner and also l'/i th a dip net under the lights of a pier in 

the spring of 1964 were sent to the Bergeil Aq~ariuof whore the fishes 

and other nnina1s eagerly accepted the kril1 as food. Experir.wnts 

with . fee-ding the kri11 to rainbow trout indicatod that the flesh got 

a good quality and the desired red colour. 1:.. s1::1a11 fishery for 1;:ri11 

deveLoped in the Eardangerf jord south of Bcrgon, and the catches 1v-ero 
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used bot:'1- by t he :i:k r g en AqunriuL1 and by farcer s of rninbo'd trout. 

Investigo,: ',~r1 3 i, , ', , t ;',':lc; b i o log y of' the kril l ~L~l -C l',,;,; ~h:·::":' ~ ~=<:. r':fjord and 

adjacent ure~s s tart o d in tho spring of 1965. l ~at Grial was obtained 

partly fror.1 cOl::ll:lercial and other ca tcho s in vThich the krill v;cre 

attracted by the light fro~:l projectors placod on a pier and collected 

wi th a dip net, partly 11i tll. a 3-foot Isaacs-:<;:idd pela gic trc..vrl (IIG\;IT). 

Th o trawl was operated froG a research vessel at a speed of 5-6 1:.. .. ots, 

in the upper 50 DJ LlOstly during the darl;: hours in Janunry-June 1966. 

A few hnuls Vlere also taken during the day in June o..nd August 1966 at 

depths between 100 and 200 D. 

In l':Iay, June and August 1966 vortical hauls wi -Ch a Juday "8/40" 

net were taken in the upper 100 n in the }'~ardangerfjord. All saDples 

have b een preserved vii t ll 5-10 percont of :for~lalin and the krill investi

gated a few days after~.,ards. DisplaceDent voluues wer0 I:1e::tsured of the 

IXET s::trc1ples. If possible, C'. hundrod specin e n s of oach species, 1rwre 

investigated, sODeti::1es r.lore. The length wo.s u e nsured by stretching the 

individuals ::tlong CL strip of plnstic glued to n plastic plate nnd 

l:leasuring the distance frou the tip of t h e rostrur.1 to 'chD end of the 

telson to the neo.rest nilliLietre undor a r.1agnifying glass (2 x). The 

sox vlas determinod only frou the external characters (th olycuLl , 

spen:1atheca). I\JuDber of fe r..1fllos "vi th speruatophores attnched "lo.S noted. 

RO!:lains of food in the "baslwt h and in tho stoDachs havo been iywesti!"", 

gated. 

SODO s8.r.1plos of lcrill vlOre also obtained in surface h auls vii th 

a ono wetre ogg net takon at night froD t h e lJor~.,egio.n weather ships 

at station M at position 66 degr. IT. lat, 02 d ogr. E. long. in the 

Norwegian Sea. 

SODe r:mterial of l"-Xill b oth fresh and deep frozen, hns been 

haEde c!. ovor to the Institute of TOc:!:111.01ogical Research at the Directo

rate of Fisheries for deterDination of the nutritional value and oio-

chemical prop erties. 

Four species of k rill have b oen idontified in t ile uo.torial, 

viz. I.ioganyctiph::tnes norveg ica (M. Sars) I Thys2.noes sa ineru is (ICr0yor), 

Th yso.noessa raschii (Li. Sars) and Nyctiphaues couchii (:Joll). Only t h e 

tvlO foroer species occurred in appreciable quanti ties, E. norvegica 

being the leading one, both in volu!.1G and :nuLlbers. T. ineruis was 

occasionally very nbundo.nt, especially in April 2.nd Hay. T. rascis 

occurrod only singly. H. couchii was D,ain1y tak en in lJoven ber-January, 

but was never abill1.dant. 

Quanti tios of l':rill in 1:11 per n. r:,ile in t ILe catches vIi th IIeNT 

J-foot tr2,'iTl are s 11.0'\1n in i!"'ig. 1 fro Ll s u rvoys in JLLTluo.ry-February, I'lay 

and June 1966, the first cruiso being the nost cOl:J.prohensive. Usually, 

20-100 r.1l. per ui1e were ta::en, with a fe,., hauls of 200 L11. or Gore. 



J 

The vo1.'.n:le rough ly estiDatoQ. to 1200 DJ. 

only shovJS t .tli...l.t l-:rill DCl.Y be al)l;;:.:tldQnt in all p<:crts of the fjord synten. 

Leganyctiphunes llorvoi;icu 

~E:::~~~£f' 

Off the Hest COO.S"!:; of Hor1r!ay Ruud (1928) found 1Qrvo.e of 

H. norvegico. both in T-iay and July, and Hjort and HUU0. (1929) state that 

on the coastal ba:nl:n the species spa-.;·ms chiefly in SUDuer. In the fjords 

neG.r Dergen it spc:wns Iron I~['.rch to July-l.l.ugust (Ru:nnstrm::l 1932). In 

Loch FYl1.e Hauchline (1960) found two peal:s of eggs lc.ying, Q t the be-

ginning of April o.nd o.t the end of June. 

The planldon hauls taken in tho I·Io.rClo.ngerf jord in early l'iay D.l .. d 

June 1966 contained only 0. few eggs al1.c1 1~0 lQrvQe of H. 1!.orvogica. In 

the niddle of February, 50 percent of the feuQles carried sperLlU

tophores, and fron the oiddle of L[arch, 100 percent d.id. Tho larger 

fer:.lales got sperr:1Utophores first, ,,,,i th decreasing percent in the lower 

size-groups. The GQDe ph.enOQellOn wus observed by Ruud (1936) in the 

r1editerro.neun, vlhile Nauch1ine (1960) die: not find such features in 

Lich Fyne.- In saDples fron the ~-Iardu...'1.gerf~ord area 16-27 August 1966 

all the fer:1Ules cnrried spernatophores. A long spawning period, possibly 

fron April to and including August is thUG indicated in the o.rea. 

In August 1966 sr::nll il1.o.ividuc.ls, 10-20 nu, 'With Dodes at 12-15 

:r.1J.-:1, were taken (Fig. 2). This is probably the O-group. In Octoi:Jer 1965 

the O-group Deasured 11-26 un, with peal,::s at 14-17 G1Ll. In Hoveuber the 

peal,:: had Iaoved to 17-19 LlD, nnd SODe larger specinens, probaoly one 

year older, vlOre present, Deusuring JO-36 DD. 

In January the nain peak had Llovod to 20 L1[:l. At the begirming 

of Fobruury, Dales, f'er.:mles and iD.L1a turc individuals could be distingui-

:::Llel: and were Gleasured sopnra tely. The c.dul ts had n r:w .. in peo.I~ c.t 25 DLl, 

and other peaks at 20, 23, and 35 m:l, while the iDuatures "l ore s::.1aller 

",i th the Elain peul-: n t 20 Dn. 

At tl1.e end 01~ F(~bruary all individunls v.rere uaturc. All longth-

groups increased sor:1ewhut in size to the cnd of li~o.rch. The two nain 

groups had then penks at 28 and 35 un respectively, probably repre

senting the I(1965)- nnd II(1964) yenr clnsses. 

1'11.8 decrease ill size to tilo bcgil1.1'1ing of I JICty Cal1.11ot be Gxplaino( 

Perhaps the lo.rger individunls had not risen to the surface layers. In 

June the uo.in peaks were at 28-30 UL1 and 35-37 1:11:1, in August ut 35, 38 



- 4 -

and L~l LE1. 

j~ _ C: ' .. ~~ g roups J.. t J..8 

concludr. Cl t heet -the O-group grov,s froD about 13 un in Aug ust to 3.5.,..38 

D D us I-group in August of the fol10vJing year. 'i'he h -oTO peal:s possibly 

reflect a long spavming season, the s r.1a1ler i:'ldividua1s originuting 

froD a peal;: in spuV1ming • 1 J 
J..11 ...1.. a Ge S UI:1Ll e r 0 r aut ULli1. • The I-group, l::lea-

suring 32-36 Dw in HoveElber 1965, r:my be f'ollovlO<-1 as II-group through

out the period January-AugLlSt 1966, proba-bly represented by the slila11 

peak ut 41 ":IU in 12. te August. 

The growth of the O-group seeDS to be cOL1parable with that 

found by Ilauchline (1960) for Loch Fyno, (34-38 l:1D) 1frhile the I-group, 

if the sanp1es are represontutive, does not attain tho length of that 

in Loch Fyne (42-48 fJC). 

In nost of the sm_lp1es tlw O-(I)-group constituted 60-75 per

cent, except for sane s2.up1es ta:;:en with light in Harch-April, v.Thero the 

larger speciLlells doninated. i1a1es warG as a rule 19ss nUDorous than 

fe :-:1a1es, only about 25 perce~'lt of' the stock; in SODe saup1as taken vd th 

light and dip net in April :-:;8.1e8 vfere c0L1pletely absent. In the I-(II)

group of Dales there vfas evidently 8. great I:1ortali ty fror, January to 

June, the proportion of this group decreasing frOl~l 25 to 2-3 percent. 

In August tho II-group is scarcely represented in the naleso 

Size frequencies off1?ganyctipaanes to.lcen at sto.tion 1'1 in the 

Norwegian 0eo. are shown in Fig. 3. In SepteDber - Hovm:iber 196.5 and in 

I·ie_rch 1966 relo. ti vely sr~all indi viduo.lc Tvere talwn, vd th peaks at 14-16 

and 18 DD. In Jc:-'Huary-February larger individuccls were taken, but the 

sexes could only be distinguished by investigation of the gonads. 

The sanples evidently do not represent the popu1ntion ns n 

whole. 

Thysnnoessn , n(3rr.lir~ . 

In Horweginn coastnl VIn ters T. ine r u is SpavJl:1S in Larch-April 

(nuud 192<], Hjort and Huncl 1929, 'Jiborg 1954). 

In the p12.nl-:ton hauls fror:.l the I-iardangcrf jord G.rea, eggs and 

larvae, vri th naxir.m of furcilia 1-lOre found at the beginning of May, 

indicating a spavming in April. The sexes coulc':. be distins"Llished froD 

the end of February, unO. nt the beginning of April nIl fe1'::1<:1.1es were 

carrying speruatophores. 
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__ """,I~ ' : '_ ' . . :"''' 

to February "re re 

nainly unii:10di-:,-':" 18-,22 LiD; ,,'Tith the I:12dn peak at 1 6·-18 L1L~ (Fig. 4). 

TvlO sauples taken 25 Fobrunry and 14 liinrch respecti.vely he-ve been 

pooled, consisting only of fm:lnles 1"i th n peal .. in size of 20-21 elLl. 

Fro!:1 April to June Dales anG. fec2..1es have been L1easured 

separ2.tely. The r.:1Qles arc souewhc.. t sualler th2..n the females, with the 

peaks at 17 and 20 LE] respectively. The curves inserted 2..re frOl:l the 

SaLllL2..ngerfjord north of the Hc.rdangerfjord, indicating a 10c2..1 popu

lation with sU2..ller individu2..ls, but s howing the S2..De relntive diffe

rence in length of onlos and feuales. 

In AUgLWt sone further grm"th is indicated, but the sexes could 

not be distinguishe d. Siuul taneously the ne11 O-group, 10-1.6 :r..1Ll, is 

represented, VIi tb. peQks at 13-1.5 nLl. 

FroLl the size frequencies tl18 conclusion is drai"m tho.t the 

species in annual in t hc Hnrdangerfjord, uQturing Qud spClvmi nc at an 

Clge of 1 yeal~. This agrees with ~,"Ginnrssonls (19l~.5) stnteDcut for the 

Skagerak. A few specimens Llay survive for one additional year. 

At station l~ (Fig • .5) the si::.up1es of '1'8 i~2is seen to be 

fairly representative. In October 1965 the O-group had a peak in 

abundance at 10 [,10, increasing to 12 un in January. Larger individua.ls, 

19-24 !l1D prob c.bly one year older, then appeared . Males and fenales 

could be distinguished frou February onvJarcls, and the sr.K1.llcr indivi

duals disappeared. At first r:18.les and fer:mles had npproxir:.1Utely the 

sane size-frequencies, indicating that the larger nales Dature<1 :first, 

but in Iiiarch :the raalea vlGre snal1er than t Ile feLlo.1es, as vvEtS also 

found in the Hardangerf jord ~,roa, but t~"le ndnl ts 'were Inrger than 

those in the fjord, witl1. p eaks at 22 and 24 Lll:1 r e spectively. In the 

lTorwegian Sear T. i nernis evidently nooda hvo years to roach r,laturi ty, 

as was also fOillLd by ~innrsson (1945). 

Acoording to H jort and HuuG. (1929 ) tl1.is species often occurs 

in quantities in the Skageral-: , and is COl:.1Ll0n along t he; whole "lGstern 

coast of IJorvlay. 

Only t"lO Dales have been found in the present r,1Uterinl, both 

ta:wn in the S0rf'jord, adjacent to the innoruost po.rt of the :a2.rdanger-

fjord. 
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" ,' .. r - ... . 
, ", .... ' J ' J '-_' .. . found 

far nox'-·.~·:~. ;:.:.c; 

northorm~10<J t ::J~8.\'JD.ing locali ty. 

F ""~,,Sglichi .ms ta~:en. Dninly with light nTIG. dip not f ·roL:' HoveDber 

specir:lOns "vere taken du:cing one night" The size-frequencies "lere 

unir.lOdal, 10-18 r.1Dt w'i t11. the Dodo at 13 [.n=., indicating a one yeur cycle. 

Fooc~. 

It has been stated by various aut20rs (e. g. Einarsson 1945) 

that l:.rill eat both phytoplmliton, zooplmucton nnd detritus. Th is has 

been co:n1~irned in the present investi g ntion. Direct obscrvntions in the 

light of' n projector during night s hO\oJec1 t :l.n t l~~ .1..'l.Q2:::£.9..g~.£9: ell-ased fish 

larvo..e and L1ysids, t he r Ql~io.Ilt::: of ',rhic:h "l:!eT e 1 1:.'.. tc:' ~~ 'Y.'.,::,:': -1 iJ, the "basket' 

Duril1,g the opring blOOD of i_'ll.ytop,:, ,:<·:~ ·,:~~~ u:', 'i:;b,e s tonachs 

greoD colou red. Also _"I'_.,--_i_l"_l~ ... Jf~~.d::. D \f.J[l,S S 0 011 to 

chaso soall org anise s. 

The fishery for krill is based on thc~ fact t hat it is o..ttracted 

by ligh t. Such fishery has already existed f o r r:.1any yenrs in the 

I·iedi terrnnean ( F isl:;.or, Kon 8.nd Thon pson 1953), L1ainly during tho 

spawning soason in Jauunry-February. 

In tho Hardangerfjorc:, tho fishe ry D2.inly tool: place during 

Febru8.ry - April, but sanples were also taken by ligh t in Augnst, and 

in October-January. The krill usually a ggrogcted shortly after the 

light had boen turnod on, at first strCLying back, and forth; but as tho 

swaru grovJ denser nu nnticlock-VJiso uOvoDent bogan, finally cOL.1prising 

a denso Das s of lr.rill. vIi th a dip l"let, one unn could easily take 50-

60 ::ilogrccL'.L1es during the night, and on 801:10 occo..sions up to 500 

kilograDL1es ,'TOre ta:::.en (Fig . 6). 

On other occ8.sions only a f01tJ ~:rill appenrod, sW'iraning into 

and out of the light wi t:'lOut evidently boing attracted . 

Strand ing of ~:rill occurred oor e Goldon , al thOllCl"l experiDonts 

were Dade vIi th pro jectors placod on tho boacl.l.. Tho cntchos were ns a 

rule very scanty. In ono locality, a greonl1.ouso is placod close to the 

shoro, ane the lights ure usually turned on during • 1. I 

Ill.gl.1:C. An old. sprat 
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seine 1vas spread on the beach in t he niddle of 1-':c..rcl1, and one uorning 

more than 500 kg of 11'10 norvegica, exclusively feL.1ales, were collected. 

During the cODing season, experiLlGnts Hill be nade 1rJi th various g ears 

for fishing the krill, and the inve stigation on the biology of the 

l~rill "\-,ill be continued. 

ELlpl"lausids or krill are very i u portant ill t he econoLlY of' the 

sea. Because of t h eir nbili ty to rapid s~-liL1L1ing , the l;:rill are GODe -

tines underesticated in biooass estioations. 

In lTorueginl1. fjords k rill soc.letiDes svm_ru near lights along 

tho seashore, and are occasionally ~ashed ashore on the beac~ in large 

quantities. SnaIl local fisheries for l~rill have developed, tho catches 

partly being used as bait, partly as udGitionnl food in the faroing of 

rqiubovJ" trout and saluon. The krill havo nlso been used as food for 

the aniouls in tho :Gorgen Aquarim :i . 

Investigations on :::.rill hnvo b een carried out by t he Institute 

of I/Ii.-.rine Resenrch since Fobruary 1965. In addition to sUDples froD 

cOL1ne:rcinl catches, l:rill h ave also been ta::en in hauls vli th a three

foot IKHT trawl. For the sake of cODp2..rioon a r:m terial of yxill Iron 

surface h auls tal~en nt night with a one ueter egg net at the \·ma"ther-

ship station H in the lTor"\veginn Sea nas been used for conpo..rison . 

Four species have been icJ.811.tifiod in the snnples, l~eganycti-

phanes norvegica t Thys8:::l.OeSsa :i~~s , To rc-.schi and I:Tyct; phane s 

couchi. Only the two :forLlor specios occurred in COu.i~le rcial qunnti ties, 

E. norvegica being the loudine onoo 

In the Hardangerfjord south of 30rgell, M. norvegica has n life 

cycle of 2-3 yoars, reach ing r:mturity during the first yonr of life. 

Spmv:nil1.g probably starts in April and continue s throughout August. 

In AUg-LlSt, the O-g roup speci::'lens evidently ueasure 10-20 r:U:-l fro L1 the 

tip of the carapax to the end of t ho telson, '1i tll poal:s Cl t 12-l5 L'1l.:1 , 

increClsing to 35-38 1:1.:1 as I-group in late August next y e ar. In 

Hover:.iber 1965 the I-group uensllred 30-40 DD, but it wno difficult to 

follov; any increase in LlOai1. gr01'lth during the folLYI-'ling D.onths. 

In lTovenber r::ale sand fenales could sCL'..rcely be distinguished 

froel the secondary sexuo..l c h aracters. 

In the Lliddle of January about half of' t:'J.C stock consisted of 

iuuo..ture individuals; at the beginning of FO~)l~uQry only 20 percent 

,,,,ere iur.:ature Qnd n:fter tile l~lid.dle of' t he Dont~l. only nature indivi

dU2.ls 1--lOro i'oand in t ho sc,nples. As Cl. rule fei"lC'.. les preCioninated, v1i th 

60-90 percent of the stock. In sm:w sar:'lples ta::eXl with light 3.nd dip 

net, Dales were entirely absent. 



3 

Older females got sperLmtopohoros attcLched earlier than the 

younger ones. 

The O-group vInS 2.S Cl. rule dOr.Jina ting, n alcing 75 percent of the 

total CCl.tch, but in SODe c2.tcl'les tCl.ken by light and dip not the I

group predocinated. 

At station M noatly sDc:.l1f!lega:nyctiphanes, 16-18 r.1r:.l, 'were 

taker. v1i th the exceptio:n. of" -:;" '; j G::~Llp1oa in January-February, vIi th 

speciDens 20-34 DU. 

':;:'hysC\.l:..oes~a j"nerE1ia predoL1ina tec.~ in et fe1;'J" ca tchos, uainly in 

la to April - early Ikcy. In the Hardangorf jord ti1.e specioa seeus to be 

annual, a fe1v individuals possibly survivinG for one Dore yenr. In 

January Fobruary, the r.:eill"1. length is 16-18 DD. La ture Li<."':.l es aro 

sODevlhat sn[.1.11er them the fonales, vlith peaks in the length distri-

butions of 17 and 20 ::-X-::1 respectively. Locn1 popu1ations ,·,itl~ sua1ler 

adults are found in. neighbouring :fjords. ::.Jp<J.v;ll1.ing starts il1. April. 

At station N:, T. inor~ is biel1l:..in1, reaching Daturity during 

the second year. In October-January the O-group neasuros avo.rnge1y 

10-12 r:1r:.l. In Febru2.ry-April the I-group r.mles and fer.mles ilave peaks 

in Cl.bul1.dance 2..t 22 and 2l.J- ~:JL1 respectively. 

Two Dales of ThysCl.noess2.. raschi were found singly in tlle 

inner Hardangerfjord in Hay 1966. 

lJyctiphanes couchi was talwn in san11er nunbers with light and 

dip net in the Hardangerfjord fror.l Hovenber 1965 to Jal1.uCtry 1966. 

The length distribution WctS uniLIU"jo.1 1 10-18 r:1Ll~ with a peak iJ.t 13 LlI::l . 

In 1965 Cl.ne 1966 the fishery for kri11 yielded 1000 and 3000 

ki10grm:1Lles respectively. 

The investig ations on kri11 in IJorwogian fjords 1rIill be 

continued, and experinents LlU.de with various fishing r::1ethods. S2..Dples 

of kri11 are bein g analysed at the Institute of Technolog ical Research , 

Institute of Fisheries. 

Einarsson, H. 
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Percentac;e size .frequencies of Ne{;;,:::my:ctiJ?11.un,e.s 

n()rvel';ic~ in the JIardangerf'jord 1965-6G. Samples 

-taken in Isaacs-lCidd :3 ft pelugic tr~n·/l are marl(ed 

lENTo Tnserted figures ,·dth, bars indicate mean 

length of' the wajo:r size groups .. For the s~lke 0:(' 

coltlpariso:n the 20,25,30 and '10 Hun colwllns h.a.ve 

been hatched., 
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I THYSANOESSA INERM IS 

I NIGHT HAULS STATION "M" Om. 
It.x. 1965 

I + - -+-- HARDANGERFJORD 7.'lZI 1966 
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17. H. 1966 0' 
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a,t"loathersl'Lip stn.ti on H, position 

66 d cgr. No lato~ 02 degro Eo long. 
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Tekst foregftende side: 

Figure 6. Meganyctiphanes norvegica crowding under a projector at the pier in Mundheim, in the 
Hardangerfjord, March 25, 1966. Photo: K. Hansen. 


