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Seasonal and Vertical Distribution of Zooplankton
Biomass in the Japan Sea

Y asuHIRO MoRrIOKA and Yuzo KoMAKI

Abstract

A total of 537 zooplankton samples were collected by MTD net simultaneous horizontal tows and
Q-nct vertical dividing hauls from upper 500 m strata at a station adjacent to Sado Island monthly and
at scattered stations in seasons except winter in the Japan Sea. Though the values of the biomass are
very scattered, nocturnal increase at the surface layer was observed in summer-autumn in the warm-
water area and in spring in the cold-water area. Zooplankton biomass showed two maxima in spring
and autumn and minimun in winter. It was higher in cold-water area than in warm-water area in
upper 500 m stratum, and sometimes vice versa in the lower 500 m. The zooplankton minimum was
observed in 100-200 m layer throughout season and area. The zooplankton minimum layer is likely
the very order between the tropical and subtropical fauna of the upper layer and the boreal kingdom
of the lower layer in the warm-water area, and just a transient route for the diel migrants in the
typical cold-water area. The top of the layer of zooplankton maximum being consisted of the boreal
elements is well correlated with the 10-12 “C isotherm in the warm-water area. The annual mean
amount of zooplankton in whole volume of the Japan Sea water is estimated at approximately 110

million tons in wet weight.
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Fig. 1. Location of sampling stations with Cruise No.
Detailes are given in Table 1.
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b oy YUK E B OV WA o L, Q—F Y MR T S H T fEasy,
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0.9& L7, WA LAMtvTFReyr 31y e=27 (1 rvy) $60T, Fo#IThi:
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Table 1. Range of sampling depths and number
Cruise No. HKK 72-2
Sta. No. 3 5 6 7 9
Date Ape. 2T Apr. 28 Apr. 29 Apr. 30 May 1
. 13-345m® o o 13-365m 11-355m®
Night (9) (10) 9)
MTD net
Day 12-380m 12-85m 13-100m o 12-385m
(9) (5) (5) (8)
Night — — - — —
Q-net
Day — — — — =
Cruise No. HKK 73-1 MZ 73-02 M7 73-03
Sta. No. 1 2 3 R R
o Apr. 25 N N . .
Date 1973 Apr. 26 Apr. 27 May 22 June 12-13
. o - - 0-260m?" 0-190m"b
Night (10) (10)
MTD net
- . o 0-270m" 0-345m"b
Day (10) (10)
p 0-498m" 0-679m 0-624m o -
Night (4) ) (5)
Q-net
Day - 0-658 m 0-440m 0-473m"Y 0-587m"
(5) (5) (5) (6)
Cruise No. YK 73 MZ 73-07 M7 74-08
Sta. No. 9 R R
Date Olcé;(%o NO,V,', 13 Dec. 20-21
. 0-280m" 0-270m" 0-190m
D Night (9) (10) (10)
net
Day 0-330m" 0-230m" 0-255m
(10) (10) (10)
Night — -
Q-net
0-801m 0-520m" 0-308m™"
Day (5) ) (5)

1,23): Details of sampling operation are given in Morioka 1975, 1976 and MoORIOKA ef al. 1977,
HKK-, SHY-, MZ and YK- in Cruise No. are abbreviations of the name of research vessells Hokko
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of samples (in parentheses) in each sampling

SHY 72-2 MZ 72-KI MZ 73-01
M-01 M-05 M-10 R’ R
T e S _ T "~ Feb. 26-27
fuly2s Juy2 o Juvas o Oteds 113
10-285m? 13-290m 11-285m?® 0-270m? 65-260m 2 0-355m™"
(9) (9) 9) (10) (5)(dusk) (10)
11-400m 10-280m 10-250m 0-484m? 55-220m? 0-340m"
(9) (9) (9) (15) (5)(dawn) (10)
B o o 0-559m o o
(5)
7 - o 0-680m™" 0-424m"
(6) (4)
MZ 73-04 MZ 73-05 MZ 73-06 YK 73
R R R R 5/4
July 18-19 Aug. 19-20 Sept. 18 Oct. 16 Oct. 18
0-165m" 0-165m* 0-145m 0-310m" 0-310m"
(10) (10) (10) (10) (9)
0-165m?b 0-155m" 0-170m 0-300m*" 0-310m"
(10) (10) (10) (10) (9)
0-596m?" 0-571m" 0-452m" 0-600m" 0-389m"
(6) (6) (5) (6) (3)
MZ 74-01 MZ 74-02 MZ 74-03 MZ 74-04
R R R R
“Jan. 23,30 | 0o o0f g Con A .
Cugra o P22 Mang20 o Aee a7
0-185m 0-245m" o 0-195m
(10) (10) (9)
0-420m 0-285m" 0-210m 0-205m
(10) (10) (10) (10)
o 0-530m?" 0-613m" 0-577m"
(5)

(5)

(5)

respectively. Sampling data without remarks are given in Appendix Table of this text.
Maru, Shynyo Maru, Mizuho Maru and Yoko Maru of the Fisheries Agency.
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Fig. 2. Vertical distribution of zooplankton biomass obtained by simultaneus horizontal tows with
MTD net and by vertical dividing hauls with Q-net at Sta. R and adjacent waters.

1973

Feb. Mar. Apr, May June July Aug. Sep. Oct. Nov. Dec Jan Feb. Mar. Apr.
— T T T T T T
o \\291 jj |
2634
50 22

100 16

Depth (m)

200

—

300~
%3 ERRICEKTHRE C) DIRESHOFEHZE(L (Morioka, 1975X9).
Fig. 3. Seasonal variation of temperature (°C) profile at Sta. R (after Morioka, 1975).
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Fig. 4. Vertical distribution of zooplankton
biomass obtained by MTD net tows at
dawn and dusk at Sta. R’, October 1972.

2 BbRTOZ ETHD, FOHEIZE100~200 m A% & 100 mLLEO A B o B>
Tk, MENEEBEZEFEA L LTHAE L (MORIOKA, 1976) 7»HTH %5, D% h, XD
100~2007 D A=y B i N2 13 2% B D BE gt A A & R I8 o Fegth A Mo AR DB R b ic B
Enz b,

2. HEREBICHITZIHHE

R I U O e iR R, 2, MELLEWENE L, RAREO Zhi3200mg /mdh b
1, 000 mg / m3DEPHIZ 52> T 52 5 $100mg / m3Th 2tz W bo e BRRBENTIHFEST O TR 7t
e (HKK 72-2 fififg, Sta.9) o ik bh, PR ThHUNOFE, BT ClREmL
{ T100mg / m3PSt &V is <, RARBIXER & $50~100m1cH 2T, 100~200712100mg / m3F
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5 YK 73#fiyg o> Sta. 5/4-Crx 100 m, [A Sta. 9 ©20m, SHY 7220 Sta. M—-05, M-10-T20
~30m, LT HKK 72-20> Sta. 3 T2 10 m&E L HB S5, ZOkRIAHE & i
EoMBEMHAR B6X) & I<HIELTWS, KEEL O ARSIV RCEIZ IBRTREO
100~200m iz 2 b EB/NEFR CHED LD TH T L #it LTHEET 2D EHE
2 Bbh5., BRI WSS v 27 b vED REDFROKERD Bge (BrRoDSKY, 1941%;
KUSMORSKAYA, 1950*; MESHERYAKOVA, 1954*; PONOMAREVA, 1954*; VINOGRADOV, 1968) ™ 5
% VINOGRADOV (1968) LIS il m D BB/ NI /R I TR D, DI LA EH100~200m

* ZENKEVITCH (1956) X D 5|H, BAFFELC.
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Fig. 5. Vertical distribution of zooplankton biomass obtained by MTD net tows and Q-net hauls at
scattered stations in selected months.
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VINOGRADOV (1968) » {4413 R IEIB O RIREANA T E L7200, Sl #R LIk T X e, 100
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ML LTI b7 5 v 7 b v R TEROBE AL Ui iudis Bisuens, #
100m ot NE, H MDY 7 7 7 b D% < pEINE200m LR FEEL L, & F100m
Wide it L CHRMCEAI T bicd B E82 b bnTal s, FFEoSta D I & ik
77 BRI F TRy 7K A o 2 U 70 WG S U 2 RN e F iAo i s Ko Ol
b e dbh s, Lo Uish b, B—KED MERIEEIC A B AL 2 100~200m 5§ O f/ [ 0 42
L2 D#F 2 Tk il X usew s, Bocorov and VINOGRADOV (1955) tF T- kS UG iR 50T
100~200m Wity 7 7~ 7 b ki NA s L, RIS & X LT B Ok R i
T 5, TR X X Mortopa and MORIOKA (K748 & ke el o 4 > T Z
» T, Bocorov and ViNocrADOV (1955) o {44 h % L, BEOHEL: EA Lo LTz &
THILE, TOMNL XEDMNENPD LD THA S LR LD TH D,

3. BMTI b EMBREORREY

AWlssclibnioiiy 7 5 v 2 b v AEYONLE, RELL LHAKI & RS
FIEHE DA A L DT LTS, ﬁ&%C&KL,WDH}&AfﬁkLTJWm
AL T Z ]&%i&hTW$Kﬁ LI EIC LT, IE -SSR O & A o s

i oReb B 20 E T h . il & RH OV IMEO T VIgTH D

R HONRILKD X G0 5 5RO EIED Fhe (3 £) LHNB &, 4Bk T
Bropsky (1941)* & o & oS <, HRiC ik MiNopa ef al. (1972) & o § Em-cg <, %
WCE X 9 CH D, MARUMO ef al. (1972) (3~ 1 7 m 52 b v A PERLE LT Aol
AL DRl T, ThERTE RV, RO (134 »on, Sl T O %
Vb AT L TR O U 0> 6 it T 2428 A A {5 72 MINODA ef al. (1972) ks L OVl B A,
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FEO B, WO & A LT PR (I S 4 RAM E 7o B A ENE 500 m LR
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(1961) >, A4t n I THCHRE CUIREM T h % <, BN TR ERE T L Vit s
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B SRl AL AL RIEA, Bt At JOATIZ A FAM L #0772 5 O i i
W SR BR S T S,

EOFE I 2MMICE N TMTD %Y FREGQ-%Y Mok T ALT T 5 v 7 b vk
o (mg/ms) DOEJEDFENAAL
Table 2. Seasonal variation of zooplankton biomass (mg/m?®) in each stratum obtained by MTD net
tows and Q-net hauls in the warm and cold water areas

1) Warm-Water Area (Stas. R, R’, M-01, 1, 5/4)

Spring Summer Autumn Winter
‘ Stratum Mean®) Rangee a) o) a) ) a) o) Annual mean

(m)  (Number)® s.d.d b) d) b) d) b) d) b)
0-100 204.5 17.6-825.4 80.3 1.2-303.0 133.6 23.6-297.2 29.0 0.5-74.6 111.9
(42) 195. 5 (78) 60.5 (59) 66.7 (53) 21.0 (4)
100 = 200 89.6 8.8-193.3 65.1 0.3-371.6 27.0 1.1-75.0 22.3 0.4-65.1 51.0
a7) 54.7 (23) 77.3 (23) 20.2 (A7) 18.7 (4)
200 - 300 126.4 48.5-349.5 78.0 11.4-215.0 84.4 0.3-288.5 34.0 8.2-114.8 80.7
(9) 99. 4 (7 74.3 (18) 67.8 9) 34.4 (4)
300 - 400 90.2 20.4-176.0 266.5 32.8-977.4 1141 1.9-315.0 81 6.6-9.6 119.7
(6) 61.7 (6) 357.8 (1D 89.1 (2) 2.1 (4)
400 - 500 53.9 4.5-129.2 60.9 25.5-79.1 157.3 8.9-497.1 20.3 9.3-40.4 73.1
(3) 66. 2 (4) 25.0 (6) 194. 1 (4) 14.3 (4)
_ 61.8 29.8-98.0 178.7 39.0-318.4 120. 3
500-1000 (3 343 @) 197.6 (2)

anlf?cc Feb-May’73, Apr'74 Jul’72, Jun-Sep’73 Oct’72, Oct-Nov’73 Dec’73-Mar’74

2) Cold-Water Area (HKK 72-2: Stas. 3-9, SHY 72-2, Stas: M-05, M- 10, IKK 73-1: Stas. 2, 3, YK
73: Sta. 9)

Spring Summer Autumn Winter
Stratum o a) o) a) o) a) ) Annual mean
(m) b) d) b) d) b) d) b) d) b)
0-100 280.2 1.0-2172.4 247.2 5.1-1246.4 168.5 2.2-606.2 232.0
(38) 368. 6 (24) 291. 6 (14) 171.8 (3)
100 -200  190- 4 24.9-341.5 70.9 29.8-127.0 80.9 14.3-147. 4 100. 7
(14) 109.9 (8) 33.6- (5) 58. 6 (3)
200 - 300 156.8 35.6-438.5 187.1 77.9-234.8 105.7 67.4-139.1 149. 9
(10) 118. 6 (4) 73.6 (3) 36.1 (3)
_ 220.2 33.4-707.2 177.6 198.9
3007400 "9y ™ 058 1) 2)
B 18. 4 18. 4
4002500 7g) (1)
B 24.3 22.2-27.8 29.9 27.2
500-1000 (3) 2.9 (1) (2)
Data  »p May'72, Apr'73 Tul'72 Oct'73

source

s. d.: standard deviation
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Table 3. Vertical distribution of zooplankton biomass (mg/m?) in the Japan Sea by previous authors

Author Brobpsky, 1941t PoNoMAREVA, 1954+ VINoGRaDOV, MNODA et al.,

1968 1972 MAaRrUMoO ef al., 1972
Scaarea Northwestern Northern ? Cold water Cold-water Warm-water
Season Winter Amnggsl January mean ? July-August July-August
0 500
} 313 530
50 180 390. 4(84) -+--vv--- 290. 0(6) -+ 14. 0(3)
} 305 ......... 230 J
100 300 !
} 89 eenens 120 } 70 } 62. 1(75) -+ 16.5(4) -+ 12.5(2)
200
{ } 150 } 58 4040) e 9.0(4)14.5(2)
300 147---0eee- 114
| } 180 } 100. 1(23) oo 14.5(2) 33, 0(1)
500 220
} 89:w-renens 90 } 170 } 76. 3(11)wveevee 28.0(6) 14.5(2)
1000 55
] } 120 } o284 @ 7.5(2)- 1.0(1)
1500 0.3 0.3 5.5

2000

Numbers in parentheses are those of samples
Values except for by Bropsky, 1941 were introduced from text figures
t: cited from ZENKEVITCH 1956

BAER NANBTHSTLMM T 7 v 7 b v ) oqE 1

Table. 4. Annual mean zooplankton biomass in the Japan Sea

Warm-wate area Cold-water area

A B c A Total
Stratum ) ) . ~ . zooplankton
Biomass Vol. of water Aprgorﬁ?ttor?f Biomass Vol. of water %ﬂoﬁlﬁgf (10° ton)

(m) (mg/m®*  (10°km?®) % (10* ton)  (mg/m*tt  (10%km?®) (10* ton)

0 - 200 94. 8 1,160. 4 1,100. 1 200. 3 1,160. 4 2,324.3 3,424

200 - 500 94.0 1,446. 3 1,359.5 134.6 1,446.3 1,946.7 3, 306

500-1, 000 120. 3 2,126.0 2,557. 6 64. 4 2,126.0 1,369. 1 3,927
1, 000--1, 500 ? 1,797.3 ? 44.3 1,797.3 796.2 796+
Total 5,017+ 6, 436 11,453+

+ Assuming that the volume of water of the warm area is thc same as that of cold water arca.
Data of whole volume of water at each depth was derived from Upa (1936)

1+t Data by Bropsky (1941) and PoNoMAREVA (1954) (both cited from ZENKETICH, 1956) in winter
and MiNopa ef al. (1972) in summer were added to the authors’ original ones of the cold water
area
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