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Regulnr observations on thc te~s or plroll{ton developmcnt und its inr1uence upon
the rnttening or herring in the NO:Fweginn Sen hayo been conductcd ror more trum ten
ycars. These researches lferc extended in cor.nection with the progress or the Soviet
fishery ror Atlanto-Scandian hc~rinG.

As a rcsult or thc invcstigations in 1950-1957, the main ~igration pattern or
feeding herri."lg and their nover.:ent into the polar front area vTcre studied rnd the
npproxirnate durntion 01' the reeding period 't-lUS estimated (H.1,rty, 1956; Pnvshtiks, 1956,
1960; Rudo.kova, 1956, 1958) ..

During 1958-1961 the scicntiric vlOrkers of the Polnr Institute collected about
8,000 plo.n.l.cton so.n;ples in the Norvlegian Sen; 62,315 specimens of herring 'Vvcre lloolysed.
To revcc.1 the recdiI1G pattern of herring in 1958-1961 wc cxc.rüncd 9,386 stomchs by thc
qunntity-weight o.nalysis.

These do.tn cnabled us to reveo.l the inrluence or the terms or the plonkton develop"
ment upon the rnttcning und distribution or herring.

The cold yenr 01' 1958 was chc.rncterized by n conpnrntively lfenk but prolonged
deve10pn:ent of the phytoplankton. Accordingly, the spavming or Cnlonus finrrnrchicus,
v1hich in the Norueginn COo.stal zone began at thc end or ~~ch vl:.lG con3iderably delayed.
Compnro.tively lau vTUter te.r.:perntures in 1959 rnvaured the slouer dcvelaprr.cnt of young
Calnnus.Spmming Cnlnnus rin...-:nrchicU3 ond öuphnusiids were scnnty in lfu.rch, April nnd
Nay 1958, llnd herring did not i'irrl. food enough during the spring fnttening periode
Stomnchs or herring contained 1ittlc rood. In Iby, the D.veroge stomach content ioms
0.46 (Teble 1). In the sam period the o.veragc index 01' stonnch fullness uus 29.8 pro
decimille (Tnble 3).

The developrent 01' Cnlnnus fimrnrchicus in 1958 renched i ts r.nx:irJ.urn in June when
the III-IV-V copepodite stages da~nir;J.ted in the enotern branch 01' th0 Hest Spitsbcrgen
Current. Thc bicmnss renehed 5 ml per n3 .. Young euphauoiids were also nbundmt in this
aren. Conccntrations 01' Cnlo....'1us E~crborous VTere observod in the north~reGtcrnpart or
the o.rcn or Hohn l sTbreshold ..

Nevertheless, the rieh food in thc eustern nnd northem o.rens 01' thc Norweginn Sea
Wo.s not used by herring during the pcriod rrom 1958 to 1961..

They begon reediI1G on thc prc-spnwning concentrntions or Co.lnnus in the south
eo.stem pnrt or the Norwcgian eoc.stal wnters and Vlent on feeding in thc mixed unters or
the fust Icelnndic Current. In July-Augoot, herrine 'V1erc fccdine on young Caln.nus am
Themisto.

In Scpten!ber-october 1958,~ fooirormis appenred in the Uon1cginn Currcnt ror
the rirst tir.::e since the beginning 01' our invcstigations; herring n1so fed on this
species. In June-July, in the Faroe and Icelnnd nrens herring red on young rish which
constituted nbout 35% or the vrcight 01' the food ..

Stornach so.rr.ples (Table 1) Hore collccted in thc iJ.shing nreun during o.ll the ycnrs:
in March orr the lJorlTCginn const 5 in April-Sept enbcr in the Enst Ieclnndic Current nren
und in the Jnn tbyen aren; in Octobcr-December to the north or the Fnroes (in the
wintering nren or herring).

In June-July 1958, the nverage indio. JS 01' stomnch cantcnt were high: 101.8 nnd
84.1 prodeeimille (Tablc 3) ~ In 1958, thc period of herring fattening lasted from. June
to Augtmt (To.ble 3).

In 1958..hcrring rcached the hif:hest fnt eontent by August, the nvcrtlge grnde or
fatneso bcing 2 .. 76, v1hile in September it vms 2.35 .. These nrc the rnxirnUI:l vo.1ues or
herring :rat content ror recent ycnr::3 (Tab1es 1 nnd 2).

Alekseev nnd Istoshin (1960) chnrncterize the year or 1959 o.s 0. wnr.m ~~a.r in the
centrnl nnd southern pnrts or the sen nnd ns n cold ycnr in thc West Spitsbergen Current
and in the northern branch 01' thc Iminger Current"
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In 1959 thc fattening of herring bcgon at the cn:l of MDrch. On the Viking Bank
about 60% of herring were feeding at that time.

Dut in }fc.rch the plahkton bior:tass Ha:) very low, thc developrnent bcir.g harnpürcd by
frequent ctorrJS. Therefore the maxir.lUIll devclopn.ent of phytoplankton nnd Calanun was
observed in May. An in previous yedrs, herring migrated fro~ the NOTIlcginn coast west~

wards to the polar front area where they continucd fccding. Thcir dict conl3isted of
CD.lanus finrorchicus of stages IV-V-VI, C. hyperboreus, Metridia 10nga and euphausiid3.:'
According to T:irr.okhina, the developrent cf Co.lanus in the western branch of the Nor
wegian Current in thc I3pring of 1959 uas on average a r.1onth behind that of the eastern
branch. Red Celanus (Calanus fiDffnrchicus of I3tages III-IV-V) appeared in the western
branch and adjacent waters al3 early an June. The main corrponcnts of thc herring food
were: Calanus finI:larchicus of stages III-IV-V, 6uphausiids, OikopleurE; sp. ond Thenisto.

As a result of the carlier arrival of red Calanus in thc western parts of the Nor
"lCgian Sea in cor.parison 'Inth 1958, the herring rcached the highest average fatness as
early as July-~ugust (2.22; 2.31; Tablc 2).

The hcating of the watcrs of thc 'VlCstern brauch which started in 1959, wns ccn-.
tinued in 1960. In 1961, the heat supply in the 'I-lüstern areas vTas considerably lo~icr~

According to the data obtoincd by PllJRO,1960 appcared to be the lmrmcst ycar, evan
co~ared lrlth the rather warm years of 1954 and 1959.

In 1960 the spmming cf Calnnus finrrnrchicus 't'las observedas carly as nid-HJ.rch in
the Iofoten aren. An early and rapid devclopre'""'Ut of plo.nkton was promoted by the enrly
spring and favourable hydrometeorological conditions (fine weather, alr:tost no I3to~)~

Due to a r::ore rapid developrr.ent of Calanus finrrnrchicus, its abundance L'1 thG
lofoten area at the end of April 1960 was six times higher than at t..l-J.c snr.;c time in
1959 (Table 4). .

The carly anset of spring was simultaneously observed in thc western part of the
Norwegian Sea uhere in 1960 the spawnine of Calanus finmarchicus alDO took place in
April.

}lixed waters of the Eust
Icclandic Current

April

In previous year3 the herring of the Faroese wnters fed in April on adult pre
spauninr. Calanus fil11ilarchicus nnd· euphausiids.

In 1960, in the sar.e area and in favournble temperature conditions herring did not
feed on the pre-spaw~ine concentrationD of plnru~ton but on the juvenile stages.

As a result the plankton biomass "las much louer which influenced the fattening of
the herring. In April 1960, the average stormch content of the hcrring in the Faroe

• area l.;aS 0.33 um appeared to be lower tr.o.n in 1959 when it was 1,..43.

Thc earl;}' spmming of Calanus in thc 130uth-western areas was a result of n con
siderable.heating of the western branch and adjncent areas. In April 1959, the I:lean
temperature in the 50-0 r.1 layer (section alonG 67°30 IN) in thc western branch 1'laS

5.26°C, uhile at the so.r;,e tir.e in 1960 it reached 6.27°C, Le. it 1'lD.S almost on the
same level as in the Lofoten area in the eastcrn branch of the NO~TeGic.n Current. High
'VTD.ter ternperature (6.28°C) also prevailed in April 1961 in the western brauch of the
contral areas of the Norwegian Sen (sect;i.on along 67°30 'N).

Inrecent years the section along 65°h5 IN has been warm an:l in April und June thc
following terr.peratures were observed in the 50-0 rn Inyer:-

1959 1960 1961

3.28 4.39 4.45

June 7.5 8.68 7.73 \-lestern branch

An accelerated development of Calanus finrr.o.rchicus accompanied by a rise in unter
temperature has beeu observed by many scientists (Ruud, 1929; S~:mr.le, 1934; lfurshnll
und Orr, 1955; I.ebour, 1916; Nicholls, 1933; Kamshilov, 1952).

Accordinely, a drop in watcr tenperature causod delay in the developmont of Calanus
finrnrchicus llhich ,ve have noted in recent ycars in a numbcr of the Noruegian scä.
areas.

In 1960, duc to the increo.sed influx of uarm wnter along the wcstern branch, Calo.nus
~inmarch~cus developed both in the . easter~ and "Testern pnrts of the UonTCgian Sea approx
:lITlatel~ 1.Il the sa.rrn t<;rms. But as ~n prev:LOus years, herring migrated in April westwards
where ~n 1960 they ch~efly fed on red~~ o.nd in Hay-June their stor:J.nchs were full
(Tables 1 D..l1d 5). As 0. result, by June-July 1960, the mo.xir.nll':J. fat contcnt for that year
was reuched (2.8-2.11). From August the fatncss of the hcrrine bcgan to decrease. It is
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cormccted uith thc fact that in 1>1:lrmycar5 carly developed red Calanus provides on
carlier intensive fattening 01' thc herTing uhich cffects a further feeding of the
herring in thc following sum~er-autQ~ period. Thus, in the SUmMer 01' 1960 during the
outburst of the phytoplankton blooning hcrring rcacted feebly upon the presence 01'
planktcnie food o.ID begc.n to spend thc fOot in their internal organs nueh carlier in
eOr.lparinon 'Hith prcvioun years" In 1958 und 1959, the decreasc in the fOot content 01'
thc hcrring startcd in Oetobcr and Septer.mer respcctively (Table 2).

In lmr~ years in ~any areas early dcvclopcd Calanus wc.s dcsecnding as early as
June-July as the heating 01' the upper layers advanced. ~ great nUffibcr 01' Aglantha digitale
appeared. In cold years Calanun develcp slovrer ar.d mcdusa appear mueh l,?- tür.

The year 01' 1961 1'1:1S warm, although tho onnet 01' the biologieal spring in thc
NOr'V1egian Sec. then begc.n later thun in 1960. Calnnus ncar the Lofoten developed some
'Hhat later compared with 1959 and 1960 (Tc.ble 4). Early steges 01' Calanus firurarchicus
dominatcd (copepodite stage I ~ade up 67-40%) at the end 01' April 1961.

Soviet scientists (Pavshtiks, 1956, 1960; Gruzov, 1960, 1961) established that
herring fecd on thc spring und springiösummer plankton communities. Fol1owirl6 thc
ITlovement 01' the bioloQ.cal spring, hcrri!lG migrate into the mixed uaters und afterwards
into the polc.r areas 'Where the spring plankton cor.rr.unities are I1renont for a longer
tir::B thon in the l~ornogion Current uaters.

Spring and spring-sumner eoru:J.uni.ties i'1ero present in the mixed 'Vmters 01' thc East
Icelondic Currcnt (Gruzov, 1961) from Juno to August (65°45~D ~~d from Juno to Octo
ber (67°30 ' N). In 1958-1961 the rr.ain fattcninG 01' herring took placo in these arcas.

The fattening alua:rs begins in l-fu.reh-April on the spmming grounds off thc Nor
wegian co~st. In the spring 01' 1961 it was rather woak. In }hreh-April 1961, plankton
was very poor (Table 4) in the arca 01' the Nornegian Shallovrs, causing a poor con
tent 01' thc herring stomaehs (0.13; 0.66; Table 1). As in 1960, hcrring fed on red
Calanus (stages III-IV-V), Thcmisto abysso~~ ~~d euphausiids in the f:lixed waters near
the Faroes in ~in.y-June 1961. The Ilverage fullncss 01' herring storrncr,s in lfu.y 1961 was
aOrJewhat loucr thun in 1960 but hir.:;hcr trum in 1959 (Table 1).

In July ond Aur;u.st 1961; the bulk of herring lias feeding in thc Ieelandic w'aters
v1here all thc plankton orgllnisms t'1erc Duitllble D.S food for hOrTing und the biolT.D.sS
reached 0.50-0 .. 70 ml/li13• By J uly, t he herrin;,; had becor.:.c fat (2.11). In 1959 herring
been.r.:e fOot apiJroxir:1.atcly at thc same terns.

In 1961 tl~ concentrations 01' hcrring in the r.:ixed waters 01' thc East Icelcndic
Current und ncar Jan Haycn" Lc. tho usun.l feedine arcas, deereascd appreciably in
spite 01' the fnet that in 1958" 1959 end 1961 thc averc.;;c Ur:1.ount 01' plonkton wns
npproximatcly thc same (Tuble 5). This Mount uus enough to fatten thc hcrring rapidly.
In 1961. tho plankton org:::misr.J.s Hcre tliicc c.s m..L~crous as in the ubovc-mentioned yenrs
(0.95 rr3).

In rccent years (1959-1961), we have observcd a reduction L~ the fccding arcns 01'
older herring that r.:ay be cxplaincd by tho foll01TinG: (1) by a dcerease 01' the numeri
cal strcneth 01' adult herring; (2) by irr.provcd fceding conditions in l'hy-June in the
mixed vTaters of the Enst Ieelnndic Current. Thio ir.J.provemcnt 01' fecding eonditions in
thc spring 01' 1959, 1960 and 1961 dcpends on an earlicr devclopnont 01' young Cnlonus
thcre.

Tho plankton devcloprr.ent 'tms affected by thc risc in 'tmtcr tempcrature caused by
an inereased influx 01' v:urm vm.ters into thc area along thc 1-Testern branch 01' the
NOTIfegian Current.
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"Sta~eo in the life histor'J of Calanus finmarchicus

(Gunnerus) experimental1y reared by l'Ir. L.R. Craw
shay in the Plyr.:outh laborntorylI. J. rnar. bio1.
Ass. U.K., 5..

"Biolcgy cf a r'llrine copepcd 1I • Oliver arrl Boyd,
Edinb'..lI'~h; London.

"0n estil'lation of the Atlc.nto-Scandia...'1 herring
stockiI. Soviet Fish. Invest. in H. European Seas.
VNIRO-PIHRO.

"0n thc biolocy of Calanus finmarchicus I: Repro
duction and seasoDQl distribution in thc Clyde Sea
area during 1932 11 • J .mar. bio1. Ass. U.K., 12,.

"Seasonal chn.nges in plankton aal fceding migra
tions of herring" • Trans. PIlffiO, 2.

"l'hin rcgularities in the plc.nkton development in
the Noruegian and Greenland Seus". Sovio t Fish.
Invcst. in N. European Seas. ilNIRO-PlImO.

"Data on thc food cf the 11.tlantic hOITine". Trans.
PIlJRO, 2..

"Fecding of the Atlanto -Scandian 110 rTinß in 1957" ..
Sei. Tcch. Bull. PINRO, No. 2(6).

"On the biology of copcpods off Hpre 1925-1927".
Rapp. Cons. Exolor. Mer, 56.- -

"AnimI plnnkton of the NOI'ilC2ian const lvaters and
the open sea. I. Produclion of Calanus finJrJarchicus
(Gun.) and Calanus hyperboreus (Kr~yer) in the
Lofoten area li • Hep. NOI'lwg. Fish. Invest., 1±(9).

"Sensenal chanecs in the age structurc, abualance
and biorJ.a8s of Cc.lanus finmarchicus in the Hor
vlCgian Sen". Trans. PINHO (in press) ..

"Tho fundamental stages of thc life cyclc of Atlanto
Scnndian herrin~If. Trans. PINRO, 2..

Table 1

e Index of average ful1ne8s oi' herring stomachs
Total no.

Jan. Feb. Nar. Apr. HDy June July A1J.ß. Sept. Oct. Nov. Dec .. of fish

1958 0.14 0.06 0.83 0.46 1.46 0.67 0.74 0.29 0.58 0.17 0.05 8,186
1959 0.04 0.18 0.52 1.43 0.98 0.78 1.04 0.68 0.16 0.01 0.05 29,579
1960 0.06 0.21 0.35 0.33 1. 70 1.39 1.22 0.87 0.64 0.57 11,550
1961 0.26 0.06 0.13 0.66 1.33 l.Lil 1.51 1.31 0.91 0.32 0.15 0.09 11,975

Table 2

Nean degree of fatnoss of r..orring
Total no.

Jan. Feb. Hn.r. Apr. Nay June JuJy Aug._ Sept. Oct. Nov. Dee. of fish

1958 0.03 0.23 0.h8 0.27 1.47 1.16 2.76 -2.35 1.35 0.78 0.50 8,186
1959 0.25 0.16 0.29 0.73 1.50 1.91 2.22 2.31 1.87 1.68 0.65 0.57 29,579
1960 0.31 0.16 0.20 0.89 1.00 2.08 2.11 1.87 1.77 0.65

1~17*)1~56x)
11,550

1961 0.32 0.01 0.04 0.58 0.59 1.60 2.11 1.69 1.97 1.16 13,000

~)

In November-Deccmber 1961, thc average fatness increaDed (compared uith previous ycars)
duc to an incrcasod nbundanee of smal1 fat hcrring of the 1959-1960 year-clnss in the
fishing area. .
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Tab1c 3

Index of uvcruge fullness 01' herring stomuch1J by months (in prodecir.'lille)

1958
1959
1960
1961

Jan.

25.79

Feb.

12.7
7.76

Hllr.

24.27
134.11

17.98

Apr.

28.7
116.58
37~ 75
14.99

Hny

28.8
26.50

39.69

Jmo July

101.8· 84.1
43.16 28.32
24.36 33 485
27.56 44~43

Aug.

1414
7.72

12~68

41.80

Sept.

6.50
5.26

12.36
49.56

Oct. lioy. Dec.

17.2 &.4 1.12

27'.69 76.02 2.40
10.23 4.64

Tablc 4
Age compo1Jition 01' the population 01' Calanu1J finrnarchicu1J in

April 1959, 1960 and 1961 ncar thc Lofotens (50-0 n)

Stations Copepod
stages

24. AP3i1 1959
spcc./m %

27.-28. 4pril 1960
spee •In'; %

24.-25. ~pril 1961
I 3 c.fspce. n ,0

1. 67°30'N I
11°30 'E 11

III
IV
V

_ VI

rotal

145 38.7
120 32.2

63 16.6
35 9.5
6 1.5
6 1.5

375 100

1,000
1,500
1,600

440
25

4,565

21.9
32.8
35.2
9.6
0.5

100

56
14

9
1.6
0.4
2

83

67.5
16.9
10.9
1.9
0.4
2.4

100

2. 67 t130'N I
10°30 'E II

III

V
VI

220 31.4
220 3h4
180 25.6

75 10.7
5 0.7
1 0.2

200
880

2,000
2,800

800

3
13
30
42
12

60
60
27
10

1
5

37
37
16

6
1
3

f ota1

3. 67 tl30 l N I
9°30'E 11

III
IV
V
VI

701 100

85 38
40 17.6
75 33.4
10 4.4
5 2~2

10 4.4

6,680

314
940

l,220
640
200

5

100

9
28.4
36,8
12.3
6~1

0.1

163

97
75
40
11
5
8

100

41
32
17
4.8
2
3~2

Tot0.1e 67°30'N I
6°44 'E II

111
IV
V
VI

225 100

1 0.4
1 0.4

10 '4.4
215 94.8

3,319
8

15
8
7

10
37

:1.00

9 ..5
17
9.5
8

12
44

236 100

rota.l 227 100 100

5. 67°30 1 N I
6°00 1E 11

111
IV
V
VI

3 2

10 7.6
27 21.2
90 69.2

3
10
10
14
II
22

4.3
14.3
14.3
20
15.7
31~4

6 5.5
2 2
1 1

35 31
6 5.5

61 5.5
Total 130 100 70 100 111 100

> . u. ...
i II 1958 1959 1960 1961!

Nunber 01' stations I 24 84 69 36I
Average amount 01' I 0.48 0.51 0.95 0.46
plankton (rr.l/m3)
Aecording to the data 01'1 Sovict datll Soviet, Danish, Norweg., Soviet, Norvrcg. , Soviet dato.
Iherring ~eetinGs' , ,Icelun:lk: data Icelundic dn.ta.

Note: Thc plncl.ton sllmplcs were unlll~~cd by }lilcykovsky (1959) Qlld Dcgtyn~ovn (1960-1961).

Table 5

Average amount 01' plankton in thc 50-0 n laycr in June 1958, 1959 and 1960 in the
feeding nrens 01' herring (Faroe, Ens"\- :cclandic Currcnt and ,Jan Ma,vcn ~rcaC')

,
I

l

Note: Limits of the feeding nreas 01' herrinG Hore eonsidcred to bc: soction I.nngenes-Jun
T-hyen in the 'VTest and 4°\rl in thc eilst; tl:c Faroe-Ice1and section in thc 80uth and
7P10 IN in the ncrth.


