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Plankton in the Sonic Scattering Layer in the
Okhotsk Sea, Summer 1963*

Takashi MiNoDA** and Keisuke Osawa**

Abstract

Observations on the vertical distribution of zooplankton in connection with
the depth of the sonic scattering layer were carried out at 5 stations in the shelf
water of the Okhotsk Sea from August 11 to 16, 1963. The sonic scattering layer
was usually recorded at the lower part of the thermocline (i.e., at a depth of
20-60 meters), in the daytime, while it was positioned near the surface at night.
Plankton was collected by a horizontal tow using three or four open nets, 45cm
in diameter, 180 em long, with 0.33 mm mesh apertures, so as to collect plankton
in the sonic scattering layer, and, at the same time, in the waters above and be-
low that layer.

The largest biomass (wet weight of samples) of mixed zooplankton population
of three or four layers, in many cases, existed at the thermocline in daytime and
at the surface at night, in other words nearly always at the sonic scattering
layer. Analyzing the composition of zooplankton ‘population by species, it was
found that the small copepods, such as Pseudocalanus minutus, Acartia longiremis
and Ofithona stmilis, were concentrated at the thermocline in the daytime, and
were possibly responsible for the sonic scattering. Downward migration of these
copepods in the daytime was likely prohibited by the existence of the thermoline.
Metridia pacifica, however, descended to a layer deeper than the thermocline in
daytime and was not distributed in large numbers at the sonic scattering layer.
This species joined the group responsible for the sonic scattering at the surface
at night.

In such shallow shelf water large plankton animals such as euphausiids do not
appear in abundance, and are not responsible for the sonic scattering. The sonic
scattering layer caused by small copepods is limited to the area above the
thermocline through which the copepods do not migrate down in the daytime.
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Fig. 1. Location of observations
47°82'N, 146°37'E, Aug. 11 and 12, 1963
51°45'N, 154°22’E, Aug.
52°52'N, 155°44'E, Aug. 14-15, 1963
52°52’'N, 155°54'E, Aug. 15, 1963
49°40'N, 151°11’E, Aug. 16, 1963

13, 1963

. sz Wind

Depth in meter

Fig. 2.

Horizontal net tow (45cm dia. mouth,
0.33 mm mesh openings). The net is
attached to the wire cable at the upper
and lower parts of the mouth ring
without bridles and pendant line either,
so as the contamination of samples from
other zone than the desired depth dur-
ing the lowering and raising the net
can be considerably eliminated. Figure
shows operation at Sta. 2 in the morn-
ing of August 13, 1963

SL: Sonic scattering layer
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Table 1. Occurrence of Calanus plumchrus, Pseudocalanus, Metridia,

Acartia and Oithona in number of individuals and percentage
in composite samples at each depth

E 8 E K=
- Y - Yt
) uy °& g)'% - - o2 &%
=8 ° @« 4«3 | 8 @ za = " 43 |8 [5)
% < @ 28 |go| ga < @ .é'g g
Bog B 2 B2 29| Eog B g 2 e
b= srg =g
a8% | & i ZE |88 888 | & 2 ZE |88
Pseudocalanus| 10720 87.8 Calanus 1730/ 5.9
15m | Acartia 201 0.2 80 Pseudocalanus| 12380 42.4
Oithona, 1470 12.0 M Metridia 13820/ 47.3
Sta. 1 Calanus 23430, 5.5 Oithona 1270, 4.4
0930-1000 35m Pseudocalanus| 49090 11.5 Calanus 180 0.1
Aug. 11, Metridia 42240, 9.9 10m Pseudocalanus | 132610 95.9
1963 Qithona 311300, 73.1 Metridia 5310, 3.9
Calanus 1070, 4.5 Oithona, 190| 0.1
56m | Pseudocalanus 4770| 20.2 Calanus 4540 39.9
Oithona 17760| 75.3| Sta. 2 20 Pseudocalanus 1390| 12.2
Calanus 1090 1.2| 1835-1935 m Mgtridia 5310| 46.8
10m | Pseudocalanus| 27260 30.3| Aug. 13, Oithona 180 1.1
Metridia 61440| 68.5| 1963 30m | Calanus 86880| 14.2
25m Pseudocalanus| 59390 27.3 Pseudocalanus | 525310( 85.8
Sta. 1 Metridia 158320| 72.7 galazusl 1328 62?
( Calanus 460 9.6 seudocalanus .
?3?3— 110200 40m | Pseudocalanus| 2180 45.1 80m Metridia 150, 7.2
togs | | Beeie | M0 Galas %0 14
ithona . alanus .
Calanus 1060 3.3 S ohs Soag 10m | Pseudocalanus| 13180 71.7
gom | Pseudocalanus| 13860 42.6| Ay 14 Metridia 4930, 26.9
Metridia 13500) 41.4) 1963 35m | Psewdocalanus| 81860 60.7
Oithona 4190 12.7| Acartia 20670| 39.3
Calanus 200 1.7 Pseut;lgcalanus 38411g8 582
lanus 25.6 = Metridia .
16m | g 150 12.8 Si 30 155m dcaria 30980 41.1
Acartia 700 40.2 Aug. 14, O1ithona 5890, 7.8
Calanus 1790 6.4) 1963 35 Pocudocnlamus| 22470 78.1
o5m | Pseudocalanus| 19620 70.4 —ofm| Metridia 303 lg- .
Sta. 2 Metridia 30 0.1 Oithona .
0415-0515 Acartia 6450| 23.1 Calanus 2223&8 358)
1o Calanus 4320°96.6) 518 Gagq) 5m | ppitela | 2 g
1963 45 Pseudocalanus| 10820 66.4 Ae rt_ 652960 63.8
m | Metridia 30, 0.2 "ig4'_15 oarng *
Acartia 1120, 6.8 » Calanus 143310, 0.9
1963 25m | Pseudocalanus| 11586940 72.8
Calanus 6300/ 17.3 Metridia 4195320| 26.3
80m Pseudocalanus 8430/ 23.3, Calanus 37 0.6
Metridia 17180 47.4 Pseudocalanus 40 12.8
Acartia 4380 12.0 156m ‘Acartia 240 76:9
Pseudocalanus 400| 31.3; Sta. 4 " Oithona 30 9.7
15m | Metridia 401 8.1 1840-1955 Pseudocalanus| 3260 16.3
Acartia 840 65.6 Aug. 15, | yory | Acartia 14300 71.5
Pseudocalanus 120| 30.8 1963 Oithona 2430| 12.2
Sta. 2 25m | Metridia 21 0.5 55 Pseudocalanus| 1880 14.3
0838-0938 Acartia 270| 68.7 m | Acartia 8290 85.7
Aug. 13, [ . | Calanus 278880/ 39.0 Calanus 24320 6.4
1963 M | Pseudocalanus| 481360 61.0 ]I‘}seudgqalanus 20%228 5%})
Calanus 750/ 6.6 20m etridia .
80 Pseudocalanus| 4200 36.9 Aqa}z' tia 1 42%(238 3%§
M| Metridia 4000/ 35.2 : Oithona .
Acartia 2430 21.3) Sta. 5 Calanus lgggg 33-%
Calanus 60 08| Ko T6, 40m | IEunda e 10080 15
10m | Pseudocalanus 380 4.9 196%' ’ Oithona 13180 45.6
Oithona 7340 94.3 Calanus 140 2' 0
?536_21330 o0m | Dseudocalamus| 7940 86.7 Pseudocalanus| 2310, 33.1
b 13 Oithona 1220) 13.3 80m | Metridia 1620| 23.2
1968 | gop | Calanus 77170 86.2 Acartia 2060 29.6
M | Pseudocalanus | 135740 63.8 Oithona 840 12.1
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(BAEREE) Thod, Figs. 3~10 IR L LT N TEAEERTH 2,
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Sta. 1, 47°82’N; 146°37’E, 0930-1000, August 11, 1963 (Fig. 3)
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Fig. 3. Temperature gradient, depth and thickness of sonic scattering layer (SL),
and percentage vertical distribution of zooplankton biomass (ZB) and of
number of five groups of copepods, at Sta. 1 in the morning of August
11, 1963
NT: Duration of net tow; 0930-1000

DB 1218 Acartia DAFZIIZRL, 15m (ZRARNSTHL, 36m k0 55m ([ZixeRBNn
e LLZDEED Acartia DRIZEDTLETH-T (Tablel), 757+ VEBEEM LA
NXERLTIVEETHZ, bbbl OROEEFIRVT, FEBEEL 75V 7 v BOSE
AEB/EITE < —EL Tt

Sta. 1, 47°32’N; 146°37'E, 0900-1000, August 12, 1963 (Fig. 4)

11 HEHEU B THE ARSI EEIN - FREEVEIE 0800 1= 15~40m RiCHLY, BB
AL Te o T 1100 121% 25~35m DRSNS & 51278572, 0900~1000 (ZBBXh =T 5V 7
b YRR, BAEAHN 2Bm zhY, FBREEETO 0m Dz A EFHEL Tuitn, BESE
DEHEADE, WIhd 40m FZIZPET, Oithone 13 80m WHERTFEET S, 0m FiT
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Fig. 4. Depth and thickness of sonic scattering layer (SL), and
percentage vertical distribution of zooplankton biomass
(ZB) and of number of four groups of copepods at Sta.
1 in the morning of August 12, 1963
NT: Duration of net tow; 0900-1000

Temp(°C), Hour
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3 O o, —

Fig. 5. Temperature gradient, depth and thickness of sonic scattering layer (SL), and per-
centage vertical distribution of zooplankton biomass (ZB) at Sta. 2 from dawn to

night on August 138, 1963
NT: Duration of net tow; 0415-0515, 0838-0938, 1230-1330 and 1835-1935
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Pseudocalanus 35 U° Metridia 3, DETIIHARBOPTIEE L, MEDL 3122 0EZTIIE
BBEBEE 777 7 Y REFTHBE D—BUIADNIL) - 12,
Sta. 2, 51°45'N; 154°22'E, 0415-0515; 0838-0938; 1230-1330; 1835-1935, August 13, 1963
(Figs. 5, 6) ’
BEEET 12~23m &f:‘ﬂ:?—?‘-ﬂiL’Cb‘to FUWEELBIZ 0300 L v 0400 HE T 15~35m &
: . N 40~48m 0 2 FASN1275, 0400 B Y
0450515 053:::3: :;;P‘; 18515 2 BrA—LT 1 ELizY, BFE 30~
50m DORICEEL, 1700 2@BED L4 L
LRL, BrEL b LA, Z0BE
FHhC LB 5~15m ZHic—BHRpbh,
7, FTBALD S5 00BN LERLTE
2o ZHBHO 3BT 1900 LDigizg—L T
5~45m DO N, ZOM4HEZEL
12777 by OyHE, 0415~0515121%
FREELEE tOoTRICE L, LB
7ol 0838~0938Z i3 F W HELE D ILE &
TP rRREEEZ, L —HL T
720 1230~1330% @ik Th 5, 1835~1935
777 b 0o RE 5 FHEEE
Bz BA, 7277 20m JB O FEE L IE
Bizdinn (Fig. 8, 777 vBD
5b, FERILBLZRyHL B
Calanus & Pseudocalanus T % (Table
1), 1836~1985 (= Metridia, Acatia,
Oithona 73 10 m (2% < Jao 7273, &HD
BERFHIE L 2HEIXFEAREL R
v, 0838~0938 o 45m /&, 1230~1330
@ 40m J§, 1835~1935 @ 32m DR
Fh 25 Calanus & Pseudocalanus O

10 o
°

Calanus plumchrus ~

dsof

EET

Pseudocalanus mimdus = 40

101

Metridia spp, £ 40T

]
©
£s0f
by
ogot
70f
80

530}

T
Acartia sp. E 401

< sof

.§:Z EREMAH D (Table 1), Bl lizky, =
8o ° D HDEEREFRIX Calanus 35 LU Pseudo-
of o o calanus X XERLTH75V 7 + v D4y

s o C B, BEHABL —BL T2 3

Oithona spp. Z 40 o o ° (Fig. 6),

5o Sta. 3, 52°52'N; 155°44'E, 1823-1838;
70 1856-1926, August 14; 2000
80 ] o °

0300, August 14-15, 1963
Fig. 6. Percentage vertical distribution of

(Figs. 7, 8)
five groups of copepods at Sta. 2 . . .
from dawn to night on August 13, BEREL 12~18 m ORICHEICFE
1963 LT, HHBELEIL 1700 1212 5~15m
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Fig. 7. Temperature gradient, depth and thickness of sonic scattering layer (SL),

and percentage vertical distribution of zooplankton biomass at Sta. 3

from evening to dark night before dawn on August 14-15, 1963

NT: Duration of tow; 1823-1838, 1856-1926 (obliquely from 15m to 5m
and from 35m to 25m), 2000-0300

BLEERS Lizahh T, BELE OBIR3C ERL T, 1840 EHiziz Lo B/E £—L,
1930 ik 5~20m OELEHBH1BELiRo7c, ZOBEIE 0100 23X 2 L TFTEATELIILSD,
0200 L0 1@, TROSEAICED, 0300 (2t 5~22m OMFE: 4Hm~ BEOCEFLOZOL
sl 77V b YFBREEOFEHEEO LRKRTESE 1 (1823~1838) #1774\, M -TH
2 @ (1856~1926) % 1Tir-7:7%, B2EBEDOEBEITF v FDFEX Y 30 4z 10m O F L 748
FRETH D, BIEIFTEBEBO LRIK S TE o o KELA 2000 2: 5% L8, 0300 T 6
BEER O XML 72o L7o2io THESEIBORETIE, H2RTHFATS T 7+ v HRTEaE
xhd, Fig. Tz =00k 2380 1230 20 %R E L TRIRL 2. Lichio TZOHHRIT
13, FEREEBIEU S L7 0200~0300 O L XOHHREBLEFIN TR L Litd, 77V 7
FBOSHERMDLB E, BOZLOFHEESLEDC LAME, 2 BE&—HX, 757 vk
BHERCH S LnBmHON, KEOEETITEOEMNABOOID, BDOLLHDOE 1 mER#R
DTS5 7 vEEFIT Calanus, Metridia = XY, %2 [EEFERO LAY Calanus, Pseudo-
calanus, Acatia HEEFRL, BHED 7 Z > 7 + Y ETEL Calanus, Pseudocalanus, Metridia OF
Bzt THPpEINEDDOTH D, KD 26m 23135 Pseudocalanus D HHBHEEITREN
(Table 1),

Sta. 4, 52°52'N, 155°54'E, 1840-1955, August 15, 1963 (Fig. 9)

EEEREL 10~18m Hhiitdhotze FWEELEX 1700 (ZiX 18 0~15m 1Zh - 7248, b
I EE R 1ERDR, LRLT 1900 Zi3e—L, 0~80m 250553/ oie LHLTS
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Time of sampling Temp(°C) ~ Hour
1823~1838 18561926 2000-0300 0 5 10 15 1700 1800 1900 2000
. [ AR h PRGN
210r 104
£
Calanus  _20[ % 20f
umchrus "~ 34l £ anl
plumes 530 £
2401 £ 40
° -
. " a 501 I
iE': 10f . . «SHOta
Pseudacalanus ~ 50| ’ Sea bottom
minutus )
éao' Calanys Pseudocalanus Acartia Oithona
&40t 5 10} Plmchrus ~minutus  sp. SPp.
g ZOT
210 £ 30p
Metridia 520 §40,
Spp. -
3
“:‘- 0 50%
a4of : r (/g 1171 r////m TITT7 I I7777M)
5 10} Fig. 9. Temperature gradient, depth and thickness of
. EZO- sonic scattering layer (SL), and percentage
Acartia sp. c vertical distribution of zooplankton biomass
’ .gj 30F (ZB) and of number of four groups of cope-
gl.o - pods at Sta. 4 from evening to night on
. August 15, 1963
& 10f
Oithona EZO‘ ' Y7 FYEZIEmizA ], 40m, 5Bbm iZHy,
SPP'.i 20l 72251 Calanus 13 15m 20 2Ebh T 5,
§40' L LZOBTEBRIISEDS Caanus OBlE
TR EL, RBE L Acartia H3E® T 7

Fig. 8. Percentage vertical distribution of number (Table 1), ZDIFLTTIZ 1900 » 4 FTFire
of five groups of copepods at Sta. 3from sty kB Y, F5V 2 VEO LR
et 15 oguEnt before dawn on gy e s R, BAMZERKALES LAN

T3,

Sta. 5, 49°40'N, 151°11'E, 1849-1945, August 16, 1963 (Fig. 10)

IOBRTTE TOHMLIIRLY, BEBEILOARG, THEEAET 10~30m & 5w, 7
TY7reRRbUNEBED OB C0m) i2H\, ML 20m BT Pseudocalanus, Oi-
thona, 40 m /&% FAE, 80m B T3 Pseudocalanus, Metridia, Acartia NEERY LD, =0
BEMRTIZ 7Y 7 v RESHSFUEABICH Y, Pseudocalanus & Oithona HiEERSY
THDENB ENTES, ’
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20F
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K
= sof
g
060'

70

80t

Fig. 10. Temperature gradient, depth and thickness of sonic scattering layer
(SL), and percentage vertical distribution of zooplankton biomass (ZB)
and of number of five groups of copepods at Sta. 5, from evening to
night on August 16, 1963
NT: Duration of net tow, 1845-1945

E ®

BEBIURBZ? S 7 vh, SHEEBOERE & L TELAHE SN TV525 (Lyman, 1948;
Marshall, 1951; Tucker, 1951; Barham, 1957; Frassetto et. al., 1965; Bary, 1966), Johnson
(1948) X7V 7 3 L= T Mo 2iFR&TH T, FHEELENS RBEBOEE LD Calanus,
Metridia O & 5 igffR 2~8mm o Copepoda AMOFL VE BN, ZhbHOJEBEY -
BEEESL T3 ThAH5 LE 2 2, Dietz (1948) I ERHEBOTHES LU LFEH, BlF L
U HEBROENEN IREIRICTobh, TOREBBEOERILBNBEBTHZ i b, Tk
BN FERE T D0, KBEKENL VDL LABM TS5 7 /ﬁf&i?‘;b\ma:‘dz«\f\, B
FEFCRT S EREEBIE DY 25~60m iZREBL, BABREBGELEATHALTELE
DB ENBOLNI, TV IV RBEANHEBEEREIE L2 11 flh 3 PIrEmeIT—&K
LTwiz, LTS 7V 7 B0 EEMAE Copepoda T, Copepoda O MBEEHIEHHELD REH
LT TH A5 LBbhi, EEOFERC KT 2HABORED Metridia k< %<
® Copepoda O HEREBE & 45T 5 L\ b B3 (Vinogradov, 1954), 3 L% 35 Thiid, BHE
%< ® Copepoda DEFEEHBIZ L 2BWEERELBESLOLHETHS 5, Metridia 1% Sta. 1
TEMTH®RAEI L TREZESHh, GA0HE TIZEERE LY bBEVWBIZXBICSEL, ¥
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FRE~LETHZ LhBEIRI. L LS 2B U8 S L 72 Pseudocalanus, Acartia, Oithona
EHBHRRCBIZ L SRICEET 548, L OBETREABCD - & HBEARBNFEL TWhoi,
FHBEBO BFOEX), 3L LREEBOFTH L —3L T 5 2 &i, Pseudocalanus, Acartia,
Oithona O H BREBEO THABIEB TOH S, BERLERT Lo L LEENH2 EBbh
%,

HiE - L% - FHEE (1957) 12 1955 4 T~8 B4 4—Y 7T, SHRLBIEEERATEL,
TIVI R YOECKBITEYDR LR HEL, XOIZHTHE - LT - 4R (1966) ik 1959 4 T~8
Hs AU AR~V 78T, MEEBCTZ Y7 F VEBRSHFET AEITE U #- T HsEUE 8 4,
BEEBCEGRS 77V 7 v BCERDHY LEDNAEREEESH, 75 7 b vizdbil,
BEREBCZL > TOLAB I SNERERBLELRD DD APLEEL, “ORTEEELLE LA
777 b EEBOMAL, Calanus plumchrus, Pseudocalanus minutus T o 7= & R~TTus
B »
EHHEELEO O ARERHOMMIMBICI LY 20y, $k - diE (1961) titEE T U IR
FizewT, FEBEEEAEEND 140m NBECAREBERE 2T oo L 2EEL, F0O5EH
BRELB1ORED Buphausia pacifica (V) F3¥ 457 3) 2B U, E. pacifica VL5 3T
b EBANBERH LTS WL L (MR- T, 1958), SAERTIAERER CIE T00m
EE IRz b T% (Brinton, 1962), %7 I NFHHEABOERE THD LEEL -8
£12% < (Moore, 1950; Barham, 1957; Suzuki, 1963), #D &S RHILED B EBEOREIZIE
HEKE, FHRICBG 2 EHBEVEO B BREBBORE VS22, AEFEBLES2 O
WREANDBELITRI CPRBOENE (F%T73) fadind, 2L L TCREERE L COLAE
REBHE 2177 5]V Copepoda BBEDOARSHIZ L - T, FEIBEAINILHEBREAND T
H535,

= |

1) 1968 4£ 8 4 11~16 B, A&h—v7#ED 5 HAT, AFEry } AV, BERELES IO T
DEFBIHTTTS 7 b v EEYFRo 1,

2) FHEEELBREPAREEEOTE T b 25m b 60m ICHESh, BEEBCETS,
ZLT7 7> 7 YROBFRBESHIF OB EREEB L - L7

3 73 ¥ 7+ v Copepoda (Calanus plumchrus, Pseudocalanus minutus, Metridia
longa, M. pacifica, Acartia longiremis, Oithona similis) 7385 L, M- TWHEBEE T3 Pseudo-
calanus, Acartia 3511 Oithona DB % H - 720

O FHEALEOCHEREBE, SRS SN ERORI L BT ETEEIVIE G, =0
X L3 ED & 3 L HARERBEHENEL, BFOTEAREEB I I - THIEXH 2
Copepoda BHZ & T, FEMNBAINIHLBRIND,

5 A X W

‘1) - Bary, B. Mck (1966). Back scattering at 12ke in relation to biomass and numbers of
zooplanktonic organisms in Saanich Inlet, British Columbia. Deep Sea Res., 13(4), 655-
- 666.
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