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Investigations on JTunhausid fiords on the west
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coast of Horway and at weothe

Ilorwegian Seave

Preliminary rcport.

by Xr. Fr, Wiborgz

Ao is gencrally kXnown Jduphausids cor krill play an important
part in the food chain of thc sea. Becausc of their ability to move
comparatively rapidly the Izrill avoid ordinary planizton ncts during
daylight, and their reclative importance im the biomass zas oft
underestimated. During the daylight, tho krill also partiy live in

e 3

decper water layers, in coastal waters even closc to thc bottoiy

(Mauchline 1960) ,rising to the surface layers at night. Tith modor:

Y

high speed gear, such as the Isaacs-Xidd pelagic trawl (IZIT) tic Imrill
are casily caught during the day.
Most krill species swarm during spawning time, occasionally also
e

at other times of thc year, cven in bright daylight. The sworning malk
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the krill very attractive for predators, from marine mamials to bird
m~

and fish. Krill are occasionally attracted by artificial light, This

peculiarity has been exploited by fishermen in the Mediterrancan

lure the krill with powerful lamps at night, sometimes catching 50
100 kilograms per boat, for usc as bait (FiSﬁer, Xon and Thompson 1957} .
Swarming of krill is also known to occur in lorwegian coastal wators.
During winter and carly spring krill are cccasionally atirzcted by
lights located ncar thce seashore. Under certain conditions of currcnio
and high tide during the night, large quantities of lrill arc wached
ashorc, and may be collcctced the following morning., Such Irrill have

becen used both as bait, and as fertilizer on the fields,

In the Hardangerfjord scuth of Sergen, samnples of krill taken
in this wmanner and also with a dip net under the lights of a pier in
the spring of 196k werc sent to the Bergen Aquarium, where the fishes
and other animals cagerly accepted the krill as food. Zxperinents
with feeding the krill to rainbow trout indicated that the flesh got
a good quality and the desired red colour, 4 small fishery for krill

developed in the Hardangerfjord south of Bergen, and thce catches werc
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used both by the Borgen Aguarivm and by farmers of rainbow trout.

Investi

f

13 o1 tho blology of the krill in tho dariscccrfjord and

gEDI00
adjaccent arcas started in the spring of 1965, liatcrial was obtained
partly from commercial and other catches in which the krill were
attracted by the light from projectors placed on a pier and collected
with a dip net, partly with a 3-foot Isaacs~Xidd pclagic trawl (Ixmim
The trawl was operated from a rescarcih vessel at a speca of 5=6 Imots,
in the upper 50 m, mostly during the dark hours in January-Junc 1966,
A few hauls were also taken during the day in June and August 1966 at

depths between 100 and 200 ri.

In lay, June and August 1966 vertical hauls with a Juday "8/LO"
net were taken in the upper 100 n in the Hardangerfjord. All samples
have been preserved withh 5-10 percent of formalin and the Irill investi-
gated a few days afterwards. Displaccrient volunes were mcasurcd of the
IXKT sampless If possible, o hundrcd specincims of eachh specics, were
investigated, sonetimes nore, The length was mneasured by stretching the
individuals along a strip of plastic glued to a plastic plate and
neasuring the distance from the tip of thie rostrum to the cnd of the

telson to the ncarest millimetre under a magnifying glia (2 x). The

(&)
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scx was detcermined only from the cxternal characters (thelycum,
spermatheca): Number of females with spermatophores attached was noted.
Renmains of food in the "basket" and in the stomachs have been investis-

gated.

Some sanples of irill were also obtained in surface hauvls with
a onc netre cgg net taken at night from the llorwegian weather ships
at station M at position 66 degr. N. lat, 02 degr. 2. long. in the

Norwegian Sea.,

1

Some material of krill both fresh and deep frozen, hos been
handed over to the Imstitute of Technological Rescarch at the Dirccto-
rate of Fishieries for detcermination of the nutritional wvaluc and bio-

chemical propertics.

four speccies of Irill have been identified in thce material,

viz. Meganvctiphanes norvegica (M. Sars), Thysanoessa incernis (Kr@ycr),

Thysanoessa raschii (M. Sars) and HNyctiphanes couchii (Bell). Only the

two former species occurrcd in apprcciable guantities, li, norvegica

being the leading one, both in volume and numbers. T. inecrmnis was

occasionally wvery abundant, cespecially in April and liay., T, raschiii

occurred only singly., I, couchii was mainly talen in Hovember-January,

but was ncver abundant,

Quantitics of Inrill in ml per n., milce in thce catches with IXHMT
3=-foot trawl are shown in fige. 1 from surveys in January-rFebruary, lay
and June 1966, the first cruisc being the rost comprchensive. Usually,

20-100 ml, per mile were valien, with a few hauls of 200 ml. or niore.



The volwuuie of water per daile filtered is roughly es

Randor: wvawizmioies

only shows tihat Zrill may be abundant in all parts of the fjord systcem,.

lleganyctiphancs norvesica

Spawning.

Off the west coast of lorway Ruud (1928) found larvae of

11, norvegica both in May and July, and Ojort and Ruud (1929) state that

on the ccastal banks the species spawns chiefly in summier. in the fjords
near 3Bergen it spawns from March to July-August (Runnstrsm 1932). In

Loch Fyne lMauchline (1960) found two pealks of cggs laying, at the be-
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ginning of April and at the end of Junc.

The planizton hauls taken in the iordangerfjord in carly May and

June 1966 contained only o few eggs and 1o larvae of M. norvegica. In

the middle of February, 50 percent of the females carried sperna-
tophores, and from the middlie of liarch, 100 percent did, The larger
females got spermatophores first, with decrcasing percent in the lower
size-groups. The same phenomenon was cobscerved by Ruud (1936) in the
Mediterrancan, whilc Mauchline (1960) did mnot find such features in
Lich Fync.~- In samples from the lardangerf ord area 16-27 August 1966
all the females carried spermatophores. A long spawning period, possibly

from April to and including August is thus indicated in the areca,

Growth,

In August 1966 small individuals, 10-20 rm, with modes at 12-15
m, were taikzen (Fig. 2). This is probably the O=-group. In October 1965
’ b g P
the O-group measurcd 11-256 mm, with pealks at 14-17 mm,., In Hoveumber the
P ’ P
pealr had moved to 17-19 mm, and some larger speciuens, probably onec

year older, were prescnt, nmeasuring 30-36 1.

In January the main pealk had noved to 20 mm. At the beginning
of February, males, females and immature individuals could be distingui-
gicd  and were measured scparately. The adults had a wmain peall at 25 mm,
and othcer pealks at 20, 23, and 35 mm, whilc the immatures were smallcr

with the main peal: at 20 ru,

At the end of February all individuals were maturce. All length-
groups incrcased soriewhat in size to the end of larch. The two main
groups had then peaks at 28 and 35 mm respectively, probably reprc-

senting the I1(1965)- and IT(1964) year classcs.

The decrease in size to the beginning of lay cannot be explainec
Perhaps the larger individuals had not riscn to the surface layers. In

June tihie main pcaks were at 28-30 mm and 35-37 mm, in August at 35, 38



and L1 rm,

in sizme of the vaxricus .-z, w2 groups it is
concludasd grows from about 13 mm in Auvgust to 35+38

e a

f the following year. The two pedlZs poss iﬂlf
e

reflect a long spawning scason, the smaller individuals criginating

from a peak in spawning in late summer or aubumm,., The I-group, mea-
suring 32-36 mm in November 1965, may be followed as II-group throug
out the period January-iAugust 1966, probably represented by the small

peak at 41 mm in late August.

The growth of thie O-group seems to be comparable with that
found by Mauchline (1960) for Loch Fyne, {34-38 mm) while the I-group,
if the samples are representative, does not attain the length of that

Loch Fyne (42-48 mm).

Mortality.

In nost of the samples the 0-(I)-group constituted 60-75 per—
cent, cxcept for somc samples talken with light in lMearch-April there the
’ P P ]
larger specinens dominated, liales weore as a rule less numcrous than
&g b
femaies, only about 2 ercent of the stock; in some samples takcecn with
y b ]
light and dip net in April males werc completely absent. In the I-(II)—
group of males there was cvidently a great mortality from January to
Junc, the proportion of this group decreasing from 25 to 2-3 percent,

In August the II-group is scarcely represcnted in the males,

Size frequencies ofMeganyctiphanes talten at station M in the

Horwegian Sea are shown in Fig. 3. In Scptember - lioveuber 1965 and in
lerch 1966 relatively small individuals were taken, with peaks at 14-16
and 18 mm, In Jenuary-February larger individuals were taken, but the

sexes could only be distinguished by investigation of the gonads.

he samples evidently do not represcnt the population as a

wiole,

Thvsanoessa incrmic

Spawning.

. o o e ema S e

In lorwegian coastal waters T, inermis spawns in liarch-April

(Ruud 1923, Hjort and Ruud 1929, Tiborg 1954).

In the plankton hauls from the Hardangerfjord area, cggs and
larvae, wita maxima of furcilia were found at the beginning of May,
indicating a spawning in April, The scxes could be dist tinguished from
the ond of February, and at the beginning of April all females were

carrying spernoiatopihores,
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mainly unimodal 10-22 mm, with the main pecak at 16-18 mm (Fig. L),

Two samples taken 25 February and 14 March respectively have been

pooled, consisting only of females with a peal in size of 20~21 mm,

From April to Jurne males and feuales have been mcasured
separately., The males arce somecwhat smaller than the females, with the
pealzs at 17 and 20 mn respectively., The curves inserted are from the
Samnangerf jord north of the Hardangerfjord, indicating a local popu=-
lation with smaller individuals, but showing the same relative diffe-
rence in length of males and females.

In August sonc further growth is indicated, but the sexes could
not be distinguished, Sinultancously the new O-group, 10-16 i, is
represcnted, wivtn pealts at 13-15 rua,

From the size frequencies the conclusion is drawn that the

species in annual in the Hardangerfjord, maturing and spawning at an

-

age of 1 year. This agrees with Zinarsson's (l9h5) statement for the
Skagerak., A few specimens may survive for one additional year,.

At station I (ﬂLb. 5) the samples of T inermis sceem to be

fairly representative., In October 1965 the O-group had a pealk in
abundance at 10 mm, increasing to 12 mm in January. Larger individuals,
19-24 mm probably one year older, then appearedi. Males and fermales
could be distinguished from February onwards, and the smaller indivi-
duals disappeared., At first males and females had approximately the
same size-frequencies, indicating that the larger males matured first,
but in liarch fhe males were smaller than the females, as was also
found in the Hardangerfjord arca, but the adults were larger than
those in the fjord, with peaks at 22 and 24 mm respectively. In the

Horwegian Sea, T. inermis evidently nceds two years to reach maturity,

as was also found by Zinarsson (1945).,

Acoording to Hjort and Ruud (1929) this species often occurs
in quantitvies in the Skageralz, and is common along the whole western

1

coast of lorway.

Only two males have been found in the prescnt material, both
takzen in the Serfjord, adjacent to the inncrmiost part of the Hardanger-

fjord,



far norii oo oo onn the west

northernmost spawning locality,

[a8

0, couchi was talen mainly with light and dip net from Hovember
1965 to February 1966. It was ncver very abundant, maximan a hundred
specimens were taken during oune night. The size~frequencies were

unimodal, 10~18 mn, with thc mode at 13 mmz, indicating a one year cycle,

w, 3
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It has been stated by various auilors (e. g+ Finarsson 1945)
that trill eat both phytoplanlzton, zZooplanitton and detritus.

P

becnn confirmed in the present investi

n, birect obseorvations in the

light of a projcctor during night

larvae and myseids, tihec remants of
9

Othcyr food items were

chactognaths. Thesc ob:

liauchline {2

welithen She stomachs

of U were green coloured. &lso T dingriils was secn to

chasc small crganisims.

The fishery for krill is based on the fact that it is attracted

by light. Such fishery has already cxisted for many yvears in the

©
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dediter an (Fishcr, Xon and Thompso S5 mai luring th

1 terrancan s ) n and Thompson 19! y Wmainly 4 ng t
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spawning scason in January-Iec

In the Hardangerfjord, thce fishery mainly took place during
February - April, but samples were also taken by light in August, and
in October-~-January. The krill usually aggrcgated shortly after the
light had been turned on, at first straying back and forth; but as the
swarn grew denser an anticlock-wise movement began, finally comprising
a densc mass of krill, With a dip net, omne man could casily take 50-
60 zilograrmes during the night, and on somc occasions up to 500

kilogramuics were taken (Fig., 6).

On othwer occasions only a few lzrill appearcd, swimaing into

and out of the light without evidently being attracted.

Stranding of Xkrill occurred morc scldor, although experiments
were made with projectors placced on the beacin. The catches werce as a
rulc very scanty. In one locality, a grceenhousc is placed closc tvo the

shore, ancd the lights are usually turncd on during night. An old sprat

<



seine was sprcad on the beach in the middle of March, and one morning

more than %00 kg of M. norvegica, exclusively females, were collectcd.

During the coming scason, experinents will be made with various gcars
for fishing the krill, and the investigation on the bioclogy of the

krill will be comtinued.

Duphausids or zrill arc very imporitant in the econonyy of th
scaea Because of their ability to rapid swirming, the krill arc scnc=

times underestimated in biomass cstimationse.

In HNorwegian fjords krill sonetinmces swarn necar lights along
the scashore, and are occasionally washed ashore on the beaca in large
quantitics., Small local fisherics for krill have developed, tho catches
partly being usced as bait, partly as addiltional food in the farming of
re¢inbow trout and saliion., The krill have also been uscd as food for
the animals in the Dergen Aquariuni.

Investigations on Irill have beoen carried out by the Institute

AT
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of Merine Rescarch since bruary 1665. In addition to samples from

comimcrcial catches, xrill have alsc been talien in hauls with a thrce-

foot IXHT trawl. For the sake of comparison a material of krill fromn

surface hauls taken at night with o one neter egg net at the weather-
7 e

ship station M in the llorwegian Sca has been used for complarisorie

L)

Four species have heen Zdentified in the samplces, leganycti-

1

r 1.

phanes norvegica, Thysanoessa inermis, T, raschi and Hyctiphanes

couchie, Only the two former species occurred in comsiercial quantitics,

li. norvegica being the leading once.

In the Hardangerfjord south of Zergen, L., norvegica has a life

cycle of 2-3 ycars, reaching maturity during thce first year of life,
Spawning probably starts in April and continucs throughout August.
In August, the O-group specinens cvidently measure 10-20 mm from the
tip of the carapax to the cnd of the telson, with peaks at 12-15 nm,
incrcasing to 35-38 ma as I-group in late August next yvear., In
Hovemver 1965 the I-group neasured 30-40 mm, but it was difficult to

follow any increase in ncan growth during the following months,

In lNovember males and females could scarcely be distinguished

from the sccondary sexual charactors,

In the middle of January about half of the stoclk comsisted of
immature individuals; at the beginning of February only 20 perecent
were immaturc and after thc middle of the month only mature indivi-
duals were found in the samples. As o rule feucles precdoninated, with
60-90 percent of the stock. In soric samples talen with light and dip

net, males werc entircly absecnt.



Older females got spermatopchorcs attached earlier

younger OincS.

The O=-group was as a ru

total catcih, but in some catciies

group predominated.

At station M 1y sma
taker with the cexception of Lur

specimens 20-34 mn,

Thysanocssa inermis pre
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s taken by light and dip net the

11 Megonyvctiphancs, 16-18 rmm, were

samples in January-February, with
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dominated in a fcw catches, mainly in

ng ¢ tihe species scems to be

crfjor

nore year. 4in

g 16=-18 rmm., liature meles arc
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ively. Lcocal populations with swmaller

fjords,., Spawning starts in April,

s is bienmnial, reaching mavturity during

thie second year.

10-12 rmn, In February-April the

In Cctober~Jdanuary the O=-group

neasurcs averagely

I-group nales and females have peaks

in abundance at 22 and 24 :m respectively.

Two males of Thysanoessa raschi were found singly in thwe
inner Hardangerfjord in llay 1966.

Hyctiphanes couchi was tolken in sanller numbers with light and
dip net in the Hardangerfjord from lovember 1965 to January 1966.

The length distribution was uni

In 4.965 and 1966 the fi

kilograrmmies respectively.

The investigations on k

continued, and experirients made

of krill are being analysed at

wodal, 10-18 mm, with a peak at 13 rm.

shery for krill yielded 1000 and 3000

rill in Horwcgian fjords will be
with various fishing nmethods. Samples

the Institute of Technological Research,

Institute of Fishcries
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VOILLUMES OF KRILL
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figure 1. Volumes of Lkrill inm night hauls

in the upper 50 m ol tho

Hardengerf jord arce with Isaacs=EKidd 3 £t pelagic trawl,

per nautical mile. Approximate volume of water Tiltered:
1 200 m).
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Tekst foregaende side:

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




