103

BXBLAZEOFEM (Swarm) o\ C

BAERA* - AREI* - aHEF*

Swarm of Euphausiids in the Ocean

Takahisa NemoTo*, Kimie IsHIMARU* and Takako SHIRAI*

Abstracr : Euphausiids often form dense swarm in the sea. The sur-
face swarms of Euphausia superba, E. pacifica and some species of Thysa-
noessa are often observed in the polar waters. The size and density of
swarms of euphausiids are various. The average size of round swarms
of Euphausia superba in the Antarctic is about 30 metres in diameter
sometimes amounting to several hundreds. The species composition of
those swarms is simple. It was mostly of FEuphausia superba in the research
in the 1972/73 season. Five mixed swarms of FE. superba and Thysa-
noessa macrura are observed among 317 swarms studied in the high Ant-
arctic.

The biomass of swarm sometimes attains to 30kg/m?, generally
ranging between 100g/m? and 200g/m3. Smaller individuals form heavier
dense swarms in individual number, but the biomass per unit volume
of sea water is less than the swarm of larger individuals.

The relation between the size of zooplankton and micronekton and
the density of individual number and biomass of swarms is also discuss-
ed.

The Japanese common names for the English names of different
types of aggregation of euphausiids are proposed to clarify the nature
of swarms in the future description and studies.

BE OB EHRRAL, WBHERLEHTS. Euphausia superba, E.
pacifica %> Thysanoessa BORENIEH T 2 BHER BB BSTHOXFi
L LIEHEL, BRI WEEIKhS. BFEHAOBRIIHEMT, BlRmT,
1972/73 FEpEc SBEI N 317 OFEMD 5% E. superba & Thysanoessa ma-
crura OEAFEAN S FlORZBDHOR, fiid E. superba D&HphbHigo Tuie,
Euphausia superba OMOBEEMOFIZFE I0m BEFThHY, FE mL ik
ETHI0PHE L.

BEHLBEROEYEIFLE LT 30kg/mé w52 &2 %0 100 g/m?
~ 200 g/m* OFHD b DAL X H B OFEESELKELS I D OEERH

* WA YETEEDIFERT. Ocean Research Institute, University of Tokyo, 15-1, Minamidai 1-
chome, Nakano-ku, Tokyo 164.
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AT BN, BKENE: hoEYBIIABOBEGKR X b BRI LFHERMOL
MEIDOLPE. T, ZOBRITBLT—RIZR X HLE (aggregation) &
FEEh 4 OEROFICKH T HHEEFERCHET 2 HEFBRLRE LI

1. X CdHiz

BT =420k 0 AERBEE DL s Tlhe it s o ik, BO
EBCEELALHERAE LTABRRID LIELIEEEIRTWS, Tk, 77V 27 Fvi
y PR bR — A I VEEIRZEFW TV I bV - =M 70k s b VOBIKEN
D OEWEDOEI D EPRTOELWTRE 0T, ThbbHe o > TomiTro
DHEE IR TV 5.

FEHABL, OTHE, BEFOXEENLLIBHM ST vI2 v - =M 7ak s}
vO—HEYPEETHY, HievwrH A2 PS5 (Balaenoptera musculus), > 7 A7 25 (B.
physalus), ¥+ v 72 5 (Megaptera novae-angliae) % » ‘Swallowing’ R DiEEE HHE%
LAVTEEOEERTHDZ LN T WS, ZD X 57 ‘Swallowing E o EEEH
&L HZOTEEOBERE R sEWiE, BORTELRBER (swarm) 2R LTW5
EREHOLDDBELZYTH S, Nemoro and Kawamura (1977) i3, ONTfEO 856
OR L ZOFEAOSMEEOBEMREZRN L, HEYOERIVINI{LDIT LIchH VB
ERMELHERTHEVOBGEOSHEERXRL b, OB KEYL Y 04AHERID 7L
BHERAEZRTIEEZHLLIR L. BEHALABCEWTHNROKEIAEMHEI VLD
BHRRZTOBELREL, ABOREHAAE I Y L5 HEMOTEIX X VBV LB
B LT3,

FEHABOFEMI LD TREDHAEBOBRRTEL Y, - OEREMCoW-TI,
KoMmaxki (1967), BrowN er al. (1979) Fi2 X b B T T 328, T OEE O
BERTS RO, &2 TREFCHEEBEE D I & B A Euphausia superba DANA D
BEMCOWT, £OMRE, HEMAOBELXRHF L, dbeTcio8Wr7 v 27t v - =
427037+ VvORERORE L DHEX T, KREEARI—BW, EBEOAFF7 1 &
ERAEE (HEXKW, BAS4EIIFISH) 3 X 019805 Idyllwild TfTioihiz SCOR
WG 52 =4 7r*x7 + vOBESHOEERE TR Lok (Nemoto, 1980) # &

ATUVS.
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2. ERtE T

ZERNE1972~19734F 3 X UN1976~197T4E D BHF RO B T hh il K ERREFHIE + v
2 —OFREM - TRAAS LOFEZFBMHAOHITEOER % A7

92~ 193FE 0 TREANC X b fTbhcBECK TR, FTFHRK X D EREOERER
e FE b L7k X H& Euphausia superba OFEERFOKET X, ToOBREZFEL, K
4X4m FE SX3m OA@EE A, ALY HFERALIIEMLA. 51X, RARKL
BINEZIARBE IR T 52, 05| MR D 5> boFR5 | XM FERoX
F X b BT 2 b ERHEACH T 55 XBOMS S5 ML HEE LBEXTT -
7o, BEDHZEHFCACLABONED BHAL 20x20mm THbH, KRR 100% &
LTREDHZBMAKELR LD OEHELEH L.

3. & S
192~ 19BEFTREALORBEC L Y B ohcERE EHEROBRO—AZR 1, 2,
3RRT., ThboRierdhs X ok, BEECRT 5 E superba OWEIF EFFIZ—
BCAZORZONZWLEEZBIRD, ChboREB XML bhicife, BERBOMNEM
T RERC XD AREY BCTURA» LI EB LS E OB 2R T,
MEFOBRBICHBE LHERLBER TR EHAIB LA EE—EhLD, 1o

B 1972/13%E, TREAACI-TERENLREDA (ERFVF 3 74F 7T 3 E superba)
HEMOMR—L. KEZ, HHAELre -1 OF| EBERY RT.
Fig. 1. Shapes of Euphausia superba swarm and the surface trawling tracks with a frame
trawl operated in the 1972/73 season by the Cuivopa Maru in the Antarctic.-1
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2 1972/T34E, FRAARCI-TERBINEESEDR (FF v+ 3 24%7 2 E. superba)
HEAOBIR—2
Fig. 2. Shapes of Euphausia superba swarm and the surface trawling tracks with a frame
trawl operated in the 1972/73 season by the CHivopA MARU in the Antarctic.-2

629
B3 1972/BEE, FRAAR I >TERIN K EDER (FLFvF 27473 E
superba) BEMOHIR—3
Shapes of Euphausia superba swarm and the surface trawling tracks with a frame
trawl operated in the 1972/73 season by the CHIiYoDA MARU in the Antarctic.-3

Fig. 3.
ot (B

E. superba TR XI5 H DA% h - Tz (NEMoTo and Nasu, 1975),

vallentini TR I - BHEMEBRIGKRIREFIT X b, F 7= Thysanoessa macrura DIFEHE
it X 08 E. superba & T. macrura D’EIE LI EE XL LhAHEMIAEER LTV 3,

1972~1975SFE DM REIN B X DL FEMOERF I, E. superba O H DFEEEM
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3312 B, E. vallentini OFF5EML 1 6, T. macrura & E. surperba p\EE L7+ 2
SN ATEMT S ANED LI,

#REBCFE.E L E superba OFEFOTBBZSEIOHRLEIM UL HEOLDOMREH
Z & 2% MARR (1962) floHECRI N TH D, TLHEEARXZOE LD THER
EHEDLRD. FEREMAOAE X3, BI0OmBTEOLoNE L HETS 2 & Ak
STV % (NEMOTO et al., 1980), REIOFEME LTI 1972/1973 FE OTFREADOM
BCECTHERREMCET A2HEMA I HZI N TE D, MARR (1962) 12 X - T HIEE
BY— FRETHHEMAIREIA T2,

BREDR X HH E. superba OFFEFMOEE X NEmoto and Nasu (1975) iz kX 5 C

Exhi. Ll ZOBRECEHTIRO0.Skg DEAC LY BEHAEEROBEE
ENET Eh T\ e, L superba OFFEMOBEOREIPILHERINigh o .
1972/ 193 FEEOTRAADOER X EVEC LV ILRM LTHB ER4D X 5D,
100 ~ 200 g/m* BE DAY EY $OFEAILS T LAVRIN S,

¥, 2kg/mM P EDEX 2@ 27 b FEL, RKMEIX30kg/m? DL ECZE LT
5., ThbBVWEMERRTRHERNR, HoMToAROEE XY, E superba piE
BRSO T W BRBHEARR LWL B 5.

AU LD HRRLIEH GAE) X0 Do and Kawakamr (1980) 1 X b T,
ZARC LD, Pr—ASEERMASHEE LREAKEL VHEE Lick X HZ OB HD 4
MEIFEH1.6g/m* ThHoleh, TOMEINZVABRLTWEK., Fe—Af@EROREX
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Fig. 4. The occurrences of surface swarms of Fuphausia superba for the various biomass
estimated by the research of the CHivopaA MARru in 1972/73 in the Antarctic.
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DERKEVZ L, AL, —ABOHEAEIZRNEDCOWT—B TRV EZED
EETL X5 EE2bR%, Dol and Kawakamr (1980) 4 [/ U< 1975/76 SEE D AR
DEFOFEMOBECI T, Fr—A5|XHEOER XD, BBFHEMBZOLEK LB
hicBWGEEEOBERc o & 138g/m’, IRVWCEFOFEMC > & 30g/m? DR HH L,
FEHEIL 968/ mP ThH D, ZOFHEIE\W T, AR5 E@EEEARHEI RS
&, MANEIZ@APREIDENDH LRI VBEMOBEN X VESBEH A
tEx2bhB5,

E. superba OFEHERC DT, Morseev (1970), CraMm (1978) HFi2 X bR UL &
HEMENREIN TS, Morseev (1970) (XEEE D E. superba \=o %, £4p8»10
kg/m' CETHZ EFHREL, BLLEVBAX 16kg/m® M2 5 L2 HRE LTV 5,
Cram(1978)i1, integrator FRDRAFHFMARBIBC XD TED, H, FEM (swarm) 1o
WT 1~100kg/m® DAY E, BRE (layer) o\ ~Tid 0. 3~30 kg/m® D AEY B X B
LTCu %, EIZD~7 X 51z integrator HR Y & B WRAIHRMZEL LD, BB h
R EHAREMAOEBORKICI D, HIBEHENOEELXMET S LXRAALR
T35, 1972/T3%EER BT % E. superba DEBED S L, BVWCEBOREA LRI H
OHEATIALHEHENERDZ LD, Bt e — A RAEC X 28ERIT XD
DL,

RSIBEZTTRREINTE S 5 v 7 + v OFf (aggregation), iz B4 (swarm)
DEGEE & BREG O GELZ R L.

X %1z Nemoro and KaAwaMura (1977) T X h#HExhi- X 51c, EREEO kX X
AN 2% EHEATOBGREEN G LD &5 hhibhb,

P LS, HARRMOBH TS v 2 vAENET DIV, BERP DS HE
HEEE L, NM\DH UK Oithona Ty 105~107/m? iz %3 % (EMERY, 1968; HAMNER
and CARLETON, 1979; HIROTA, 1979), ¥ 7= Calanus OEETH XD CTELPHEME D
2 AHZ &A Kitou (1956), WisorG (1976), KAwWAMURA (1974) FEiz X - THEINT
Wb, Calanus Bz 3B mBEOELBEMZ 2L 5 H»BHR IHh, KawaMmura (1974)
BIDBRKREVEH, HVIFEFALZREL TS, Tz ofEMR, X Tk
THIRACNACERERL TR Y, CHIXBEBRDDIHETH 5. D Oithona BD hs\-
SLELRERUNNEN 75 v 7 + vTHHEABEORERD 19/m®* BED B\ HE
CETHZ EAMEINTV5 (ONBE, 1974),
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IR ] 4 T T T Y 13 T 1] ] T T T T T T
107 ® E. superba -
QE O Euphausiids
> 108 S 0 Mysids .
) A shrimps
g 10° o o = Amphipods A
g o ® Anomurans
« 10°F ¢ X Copepods .
° 8 f s e A Cladocerans
210 ° o5 A Fish .
g A ® B Squids
=102 ° -
o ;
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°© o T
& voA [ S P
1 O T i A;A 1 1 T T * J‘Ji‘ T Q 1
5 150

100
- Body length(mm)

RS B¥r7vstry, =4 7rix7 bvoRLHERAFGEEEOMEKR TRIKOESE
& X 5. Kitou (1956), Forsytu and JoNes (1966), Bevep (1967), EMERy (1968),
RAGULIN (1969), CLUTTER (1969), OmMoRrI (1969), BAKER (1970), OMORI et al. (1572),
KawaMura (1974), OnBE (1974), Kato and HArDwick (1975), NEMoTto and Nasu
(1975),0mor1 (1975), HiroTA (1979), MATSUDA et al. (1979), HAMNER and CARLETON
(1979), MAUCHLINE (1980).

Fig. 5. Relationship between body length and number of individuals in the swarm and
aggregation of zooplankton and micronekton compiled from : Krrou (1956), Fo-
rRSYTH and Jones (1966), Boyvep (1967), EMery (1968), RAGuLIN (1969), CLUTTER
(1969), Omori (1969), BAker (1970), Onatori er al. (1972), KawaMura (1974),
OnBE (1974), KAaTto and HArDwick (1975), Nemorto and Nasu (1975), OMORI
(1975), HiroTAa (1979), MATSUDA et al. (1979), HaAMNER and CARLETON (1979),

MAucHLINE (1980).

Calanus i3 Oithona X Y 3 RBOHLETH S DT, 4o NeEmoro and Ka-
waMURA(1977) OF 2w X X, BHERTF o RGEEHANc s Z &izie . Kitou
(1956) FER X b HEE Licfi®® Kawamura (1974) 12 X B4fA 5 10°~10°/m® D ffi {3
ST D, Oithona B \HLE XY &2 OEERFEE K.

B E DR I\T HATE OBIIFFEFDOBEAEE A S\ . KFETED Thysanoessa long-
icaudata 13 10°~10°/m* OEKEE OF L2 EHE I TLv 2% (ForsyTH and JONEs,
1966). Komakl (1967) = X 5 KFFED Euphausia pacifica (B4 THI20 mm) OERT
i3, 1300/md BEOEIHE I LS. Terazak: (1980) 1z X 5FH 16.5mm o E. paci-
fica OEEHEMZ 3000/m® OFEICEL T, K LT, E superba LixiE[F Utk
$% & O KETFE D Meganyctiphanes norvegica O {8 {4 % B X 1000/m® Ofiix/mL, i
FohEELL 200 g/m?® 1iET 5 = &A% BROWN ef al. (1979) X » THRE ST 5.
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fho~4 7e ks b vl LTIHAER EXEOLORE WEE &E V21rEF
DEERERTHZ LERHMbR w5, PDEDOBHEEH, 7ok X Metamysidopsis elongata
T, MokzphARLER CHEHACREREE (104/m%) 732, Xh ROz
U8, #2737 5=Vt Sergestes similis % 72 5= ¥ Sergia lucens 3 102~10%/m?
BEOBGEELXR LT3 (OMorr and HAMNER, 1980),

<4 7ex7 b vREASVLHROMIIZ, BEHALELZLLD IO, LiL,
KFEFEID Loligo sp. 3T eBEML DL 5z LA EFE I Tk Y (Kato and HARD-
WICK, 1975), ZOMEMGEHEE X 100/m® wET 5 L2AEI 5.

4, BEHLBEEFHOLHCOLTORE

S5V VOROLEOBB ISHHICOWT, BEICRHEATZ L LTERZ
nicd oz dicy, EFETE, BHO—BRLBE L FEhSBEKOWT,

Swarm School Shoal Patch Aggregation Throng
ZOENMEBIR TS, ThHOFO—BHITAHABECOWTUIEEELOMETSHS S
»%, MAUCHLINE (1980b) 122 h HDFEXEE LTk B ADER (patch) OB L FF
(aggregation) DX 4 FIRZE L1,

—Rie, WRE TS5 v 27+ vORFE LTS 2% b D aggregation LIFA TR
WiV XS, ML LORBICH L THAREFTHELTITETSL, TABE—K
FHLTWBHRT, BEE LTHFETZIEEHALREFINE, BHTI7v 7 b vyOFH
—HAAD 5 BEL TS T patch & LTHIEN D & L2358 5o 7o (STEELE, 1974), Z hicit
TE—RMTIXH5H, swarm D X5 CRNEADEROXGVHELL TR WAL &%
NTHDY, swarm LXXFTHILENRD B, Lo T, IV EBEALBELAFELN TS
shoal, swarm Fx LT Zh FhICHY T HEB LD E L 5 5, £BFFH (19
74) FIL BT, H 3T patch 23BRIREF% EER L, shoal, school, pod % H k&N
CEWTHRY EROBEGIEE - TRTHEARIET L LT5. Fi school 12
FHLLEIBELCY LTS X 5T, #EFXRER CHTAc—#eT8Tsi i
IOEFIEhBE LTS, '

2 11 MaucHLINE (1980 a, b) X 32 XKAwE TS & H LD aggregation DOLIFIT
HIGT 5 BEABERE LV, 2D 5D swarm b 5 REMIITCrBE (1962)
IOYREI RT3,
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F1 BEHZo aggregation DK 4y
Table 1. Classification in aggregation of Euphausia superba.

ES 4 # i3 H & 4
Aggregation 0.1 — 1.0/m3 T
Patch 1 — 10/m? APt
Shoal 1 — 100/m? BESERE
Swarm 1000 — 100000/m?3 BEAEA
School 1000 — 100000/m* 52 F7 € S REE

Bk BOBHTS v 2y, =472 bvinBWTd, CDX SR, R
ST oM, EEACFEMILELLA S,
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