oottt botdgdoogtdood
ooy

00 000000000000 =Bulletin of Tohoku Regional Fisheries Research Laboratory
ISSN 0049402X

ood oo,00

ood oooooooo

0/0 560

ooooo p.115-173

oooo 19940 30

0000 obooodoooooobooooooooooood QAO

Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council oI\Jrinnowledge

Secretariat



Bull. Tohoku Natl. Fish. Res. Inst. (B4 kKBFHE) No. 56, 115-173, 1994

WALHHEIC BT 287 7 7 P OB L
BIAZENICEAT 058"

M FIT

Zooplankton Biomass and its Long-Term Variation in the Western
North Pacific Ocean, Tohoku Sea Area, JAPAN

Kazuko ODATE

Abstract The sea area of the western North Pacific Ocean off the northeastern part of Japan
is called the Tohoku Sea Area. The hydrography of the sea area is complicated by influences of
the Kuroshio Extension, the Oyashio Water, and the Tsugaru Warm Water systems. The sea area
is one of the most productive fishery grounds in the world. The present study aims to reveal long-
term variations of zooplankton biomass, which are preyed upon by pelagic fishes that migrated to
this area, and to evaluate the functional role of the zooplankton community in relation to the fishery
resources.

1. A total of 17,242 zooplankton samples collected from the Tohoku Sea Area between 1951
and 1990 was examined in this study. The samples were taken by vertical hauling of a conventional
net, so called Marutoku net (net opening 45 cm, mesh aperture 0.33 mm) from 150 m depth to the
surface. Using the collections, wet weight measurements and identifications to species were
conducted. Long- term variations of zooplankton biomass and distributions of the dominant
species were investigated. Relatively small variations of water temperature are observed at a
depth of 100 m. The Oyashio Front and the Kuroshio Front are commonly represented by the
Counter lines of 5 and 15°C at that depth, respectively. The present study also divided the Tohoku
Sea Area into these three water masses based on this water temperature at a depth of 100 m, that
is, the Oyashio Water (<5%C), the Transitional Water (5-15°C), and the Kuroshio Water (>15C).

2. Monthly mean biomass of zooplankton within grids of every one degree of latitude and
longitude was calculated for all the data collected. The biomass of zooplankton between January
and March was less than 1 g/net although the sampling area covered only the western part from 150°
E off the Joban Coast. High biomass was observed from May to October, during which observa-
tions occupied the whole of the Tohoku Sea Area. In particular, biomass of more than 10 g/net was
commonly observed off the Sanriku Coast, the eastern Hokkaido, and the southern Kurile Islands.
From November to December the biomass became small again to level as observed from January
to March. The extensive survey conducted off the Joban and the Sanriku Coasts to the meridian
of 160°E in May of 1973 revealed that high biomass occurred in the Kuroshio Water (>15C).
Observation along the meridian of 145°E conducted in September of 1986 also showed that zooplan-
kton was abundant in the Oyashio Water and less so in the Transitional and the Kuroshio Waters.
These results indicated that distributions of zooplankton are largely affected by the oceanographic
conditions.

3. The rage of water temperatures at the sampling sites was among 0.1 and 24°C. The highest
biomass of zooplankton (34.1 g/m?) occurred in the lowest water temperature rage (0-1C),
Zooplankton biomass decreased with increasing water temperature. Mean abundance in water
temperature rages of 5-10, 10-15, and >15C were 11.6, 7.4 and 6-5 g/m?, respectively. Ninety-
seven percent of samples were less than 20 g/m? in the Kuroshio Water, while only the 51% was less
than 20 g/m? in the Oyashio Water.

4. Seasonal changes in the zooplankton biomass were also investigated in the Tohoku Sea
Area. The annual maximum biomass usually occurred in May in the Oyashio Water. Eighty
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percent of observations in the forty years had an annual maximum in May or June. The mean
biomass in May reached 40 g/m?. From May to August the biomass was high (20-30 g/m?) and
decreased in autumn. In the Transitional and the Kuroshio Water the biomass was also high in
May and decreased in summer, but a small increase of biomass was observed in November.

5. Mean biomass of zooplankton was 17.3 g/m? in the Oyashio Water, although a long-term
variation was noted for the yearly mean biomass. That is, relatively high biomass was observed
from 1956 to 1962 (mean biomass, 16.5 g/m?), from 1965 to 1978 (21.0 g/m?), and from 1987 to 1989
(16.3 g/m?). The mean biomass in the Transitional Water was 7.8 g¢/m?. Year to year variation
was also observed in this water mass, but the trend was not as consistent as that observed for the
Oyashio Water. In the Kuroshio Water the mean biomass was 5.8 g/m? with a small year to year
variation.

6. Zooplankton biomasses in the three water masses of the Tohoku Sea Area were estimated
based on the mean biomass and the area of the respective water masses. The estimates were
conducted using data collected in the western sea area from 146°E from 1964 to 1990. During this
period the total biomass for the whole Tohoku Sea Area varied between 1.934 x10° and 5.358 X 10°
ton. The mean biomasses in the Oyashio, the Transitional, and the Kuroshio districts were 1.731 X
106, 1.857 x 10° and 0.299 x 10° ton, respectively. In the Oyashio district, year to year variations of
the biomass were corresponded to the long-tern variations of biomass and not to the changes of the
area of the water mass. This trend was also noted in the Transitional district.

7. A total of 259 species was identified in the present study. Species composition represented
well the properties of the water masses from which they were sampled. For example, seven of the
33 species occurred in the Oyashio Water off the Joban and the Sanriku Coasts, were indicator
species of cold water masses (e.g., Calanus cristatus, Calanus plumchrus), while ten of 50 species that
occurred in the Kuroshio Water were indicator species of warm water masses. In the Transitional
Water both cold and warm water species were observed. Fifty-six species were regarded as
dominant species based on the rank order of the individual number. Seven species were determined
as the most important species in terms of the body weight (Calanus cristatus, Calanus finmarchicus,
Calanus plumchrus, Eucalanus bungii, Metridia pacifica, Calanus helgolandicus and Themisto
japonica). All of the seven species were indicator species of cold water. Although Paracalanus
parvus was numerically dominant (5,886 inds/net), the total abundance of them was equivalent to
only 24 individuals of Calanus cristatus. Calanus cristatus and Calanus plumchrus are widely
distributed off the Sanriku Coast, the southeastern coast of Hokkaido, and the southern Kurile
Islands, which are the main fishing grounds of the Pacific saury, from early summer to autumn. The
increase of total zooplankton biomass observed in the Oyashio Water was due to Calanus cristatus
and Calanus plumchrus.

8. Pacific saury (Cololabis saira) hatches out in the Kuroshio Water, and stay off the Joban
Coast during their juvenile stages. Stomach content analysis showed that they preyed upon small
body size copepods of the warm water species in the Joban Sea Area. Pacific saury starts to
migrate northward with growth, and reach the Oyashio Water, where zooplankters are abundant.
In this water mass they prey on larger body size zooplankters than those eaten in the Joban Sea
Area. The mean amounts of stomach contents of Pacific saury (body length, 19-31 cm) were 3-5
g. The amount in small sized Pacific saury was less (2-5 g) and that of larger ones was more (max.
8g). Although the weight of stomach contents increased with body size, the ratio to body weight
was less in large size Pacific saury (4%) than in small size one (7%).

9. Total amount of zooplankton consumed by Pacific saury was estimated based on the growth
from the juvenile stage in the northward migration to the adult stage in the southward migration
assuming a transport efficiency of 10%. The fisheries of Pacific saury are usually conducted in the
latter stage. From 1979 to 1985 the annual mean consumption of zooplankton by Pacific saury was
1.55x10° ton, which was 7-fold higher than the annual mean yield of Pacific saury during the same
period.

10. Long-term variation observed in the yield of Pacific saury corresponded to that observed
in zooplankton biomass in the Tohoku Sea Area. The present study revealed that zooplankton,
especially the most important seven species in the cold water, played an essential role in maintaining
resources of Pacific saury in the Tohoku Sea Area which is the main feeding ground of them.

The present study shows variations in zooplankton biomass and species compositions in relation
to a planktivorous pelagic fish species. The results provide valuable information to investigate
fishery resources, especially to consider trophodynamics of zooplankton and plankton feeder in the
Tohoku Sea Area.
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Schematic diagram of the hydrographic
condition in the Tohoku Sea Area (re-
produced from Kawai 1955).
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Table1 Range of the water temperature ('C) at surface and 100 m depth in 1970 by month and sea
area in fig. 2.
Feb. &
Sea area Depth | Jan. N Mar. May Jun Jul. Aug. Sep. Oct. Nov. &
Mar Dec.

Off southern 0Om — — — — ~5 ~10 ~10 10~15 — —
Kurile Islands 100 m — — — — — — — — —
Off eastern 0 m ~5 ~5 ~10 5~10 10~15 15~20 15~20 ~15~ ~15~
Hokkaido 100 m ~5 ~5 ~5 ~5 ~5 ~5 ~5 ~5 ~10~
Off Sunriku 0m ~10 5~10 5~10 10~15 10~15 15~20 20~25 20~ 15~20 ~15~
coast 100 m ~10 5~10 5~10 5~10 5~10 5~10 5~10 5~10 5~10 ~15~
Off Joban Om | 10~15 10~15 — 15~20 ~20~ 20~15 ~25~ 25~ 20~ 15~20
coast 100m | 10~15 10~15 — 10~15 10~15 10~15 10~15 15~ 10~15 10~15
Off Tokai Om | 15~ 15~ — ~20~ ~20~ ~20~ ~25~ — — —
district 100m | 15~ 15~ — 15~ 15~ 15~20 15~20 — — —
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Fig.2 Division and definition of the study site in
the Tohoku Sea Area. Area shaded by
oblique lines shows districts to estimate for
the total amount of zooplankton biomass.
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Table2 Number of the zooplankton sz;lmples in the Tohoku Sea Area. Numbers marked with an
asterisk show the number of samples for detail observation of the dominant species of
zooplankton.

Number of
cruise

Feb.

Mar.

Total
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Table3 Frequency of the peak month of zooplankton biomass from 1950 to 1990. A
month showed the most abundant of zooplanpton biomass in each year was

counted as the peak month.
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Apr. 3 ¢ 7.5 8 (€ 20.0 7 (17.5
May 24 ( 60.0 22 (55.00 19 ( 47.5)
Jun. ( 20.0) 7 (17.5 3 ¢ 7.5
Jul. ¢ 7.5 - — 1 ¢ 2.5
Aug. — — — — 1 ¢ 2.5
Sep. — — 1 ( 2.5 1 ( 2.5
Oco. — — — - 1 2.5

Nov — — 1 ¢ 2.5 6 15.0

Total 40 (100.00 40 (100.0> 40 (100.0

Fig. 12 @R LT, &K O BENEBER O REITA
DIS5THB.
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B3 17.3g/m? THH, BHETCZBERL 3 >0HK
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TD 6 AET, 1959F I — 27 HH-T, oo
EHBEAEIT165g/m? Th oo, PR KERR
1965~1978 £ ¥ T 13 #E T, ¥ — 271X 1971 i
HoT, ZofMoRHBEHERI21.0g/m* T, 405
BadE U TRIEVCREXAEMER L2, FHHS
KEERAIZ 1984~1980 4 ¥ T D5 H E T, 1987 F i

Y- 0bh-T, FHRAERIZ163g/m* T, HIfL
BERKETH -2, ThOEAFRED 3 SDOEKEMH
DRENZE, 1954, 1963, 1981 &2 [ & L 77K EERT A3
R X T\ 5, 1987 FE LR ER 2BV T
D, 1990 X VEFREKERHCHLbDLEES L
5, HEARCRT 2 EFEORTHELTI g/m* i
HLT, EFHOBIIEFIZAEL, FUHPFO -
7 TH-T0 1971 iz 25 g/m? R Lo, EK
KRR 1954, 1964, 1983 FE X v h b ldg/m? TH o
T, TOMEEH 1l g/m2 OEVBALAT,
BE&KBeks 2877 v 2 + vEEREORES
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Fig.11 Seasonal change of the mean value of zooplankton biomass by year from 1951 to 1990.
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Fig. 12 Long term variability of zooplankton biomass indicated by 48 months running mean from 1951
to 1990. Horizontal lines in the figure show mean values of zooplankton biomass in each

area.

fEix 78 g/m? TH », HEAEHE~NTH 1/2 DEK
BT, POLOEBEIDIn T, RPEEERN &
L T, 1957~1969 4F DK EEMH] & 1969~1972 0D
{EAHERL, 1974 0 v — 2 28T, 1987 £ % CH#iER
AT, 21T, ZoEMESEMIEEK
Borh ik, LFLIRBML TR,

BEkigic k358875 v 2 r vVBEEOETS
fE1258g/m* CEX btz l, HEBABEOH /3T
BHote, BREIRGICIZ 1957 & & — 27 & U7 BKEE 5
5 1960 ~1963 £ DK K¥ERAE R T, 1981 FEF T
20 R MEEN THRE L, £ 0%, 1985 £ 40
E L EKEER A BT, A EIER AR L TV B,

BEiais s BEKEoRMESER X, 1954~1957
1F, 1965~1969 4F, 1978~1984 4ED X 3 B AKMERIH
EFERELTCAERL S L), BEKRS L
FEBI/H S 0T, HMIICMEMLCEEL TV
holabhs, ¥, H#-BE - Rk
L8 v VEEBORTEHME (BREIKE:
173 g/m?, BEKIE : 7.8 g/m?, BEIKIK: 58 g/m?»)
BENEFhOFEM[FE L CEFERERZRDB L, 0D
FHBIHAMKE TRIAEL, BA+Tg/m bR
h—dg/m? OBETH -, FTh, BAKBIETS
ZOEBEL+3 g/m?, BEABTRL2g/m* BET
Hote, Bt BT 5875 v 2 + vEEED
EHESE, FERENSATH, BEKHTRITS

BB XL, BEAR TR EBRNEELTE Y, B
AREIENSOFHeEEETH - 1.
BHEKBeRT 2875 v 2 + vEERORPE
BIEHHCIPEOE AL LBREOEKEENKE
THEBEYEDA I 0D, ZOBBICKEELCEHY
vz rvERBRETIFARLOBETE, EF0H
BFSv s VVEEBOHAIEBDTCEETHS
(Odate 1985). # =T, REOCEZE 5~T7 ) 0¥
REERYRDT, £ OEEEEITOVTHE L 7= (Fig.
13). BEAKc s 2 BEF0FEHBAFER 333 g/m?
ThHoto, ZOEKERHIFEEHBEOTHICA LI
2 I R KBTS LT 5% A%, &&EE 1971
FED 66 g/m?, BT 1954 FED 12g/m?> THbH, FD
FTEMEZZ Ik E ot 2oz &3, dbhKER
BI2EF08Y TS v F vEIFEREEBIKE
WZEHETBL TS, BEREOEFHEL 1268/
m?, BRI T 7.2g/m? <, MAKEOBCRFAR
HFEEE %R LT,

5) EBRERBEOEME DS

FHILBRE 2875 v 7 + vREEROEHE
i, KIC L -> TR B 5, XANCIWE A
I TRBE OB KEY B TR - TREED
L, B cBpiic—BicEmnTs i v5.942 —v
BEBOET I ENELMCE ST, F LT, BEkKE
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Long term variability of zooplankton biomass in the summer season of May to July from 1951

to 1990. Horizontal lines in the figure show mean values of zooplankton biomass in each

area.

Tix, 1951~1990 0 40 ERTich e 2 BEAED R
FECE T, 30D ERKEMHEERL TE/, LD
558 ITH8 (1965~1979 0 15 #E) HEFILELVK
BTho7t, COXIRBHTIv s vEEER(g/
m?) ¥, ok /R RECEBEYE
LT T AR E LT, BT — £ AL, R
BLTT T v b vEENRTHI 1964 £ LI, {45
6 ADEE~=ZE~timEEOREHERE (35~43
N, 45ELA7E; 3N Lldb T 2 146°E Ll 7, T &
224830 km®) 3t & L, T ORBRICKT2REX
8 BoREE, EERE0BH S+ vAERE
(ton/area) *EHEL .

O EEERENICRT A ERIEO SEERE,
BRI BER 224830 km2 KW LT, itk 5%
HE LI, BHERKEFEE547X10°km? TH -7
75, 29.7~101.6 X105 km? ORI TEE L, 1972 F 131\
231984 FREVE, Bl - THABRIAEE
trote(FE4, M1, EEREO SAERE T 3 KED
i TELIES, 91.3~163.8X10°km? DHMEZEFL,
g 130.6 X 102 km? TH - 7, 1964~1977 F 0 M 0
TENL NS oo, TOREEHRREL Ao B
EBX®o SEEEXRLE L, FHi39.4x10° km?
TH - 72743, 1966 FEOBIE 19.0 X 10° km? & 1979 F D

BE 79.5X10° km® D TEEL, ZOMELRERIE
BEMZIKEREGHIR O o7,
SRBOSEREBHOBREEH * =~ T & Fig. 15D
o s, BEKEO D HEIE, 1964~1983 &
DRIL 209% 18 & B LT\ 7oA, 1984 i i3 E s
K ECRSKBEAICEIHL, BALARBEIETAEKE
tote, TOEME, SEXEO SEERIENR
SleBlEbic, TOFBELAE hote, BAEK
oo GEEELE, 1964~1977 £ BE - EFIX
B & & SICHBRRE L T ey, 1978 LRI
SoBE, ErboRBcHEIRT, FEBHLKE
Sl ote, —H, BB SAEEELE, 1972 £
BRRE L, 1977 Fi il E b OO BHEE L
T, #0HY 1979 F0 REEKRE, 1980,1982 F
OBEXEXVERVWTAKEREHIR o7, 20O
HEESEEERCSY 6 Bo#g 77 v 2 + VBRI
BrowvThd &, 1964~1990 E0FHETEE &
& BEIXE T A& e®EMND -7 (Table 4, Fig. 16),
HERIH I 12~65g/m? ORI TEEHL, *OFH{HE
326 g/m? REEKEOEE (5~7 A) OB THE 333
g/m? L BIERULETH-To, BEWITAD L1970
~1980 FEO R E W EXEHE L TV 58, Thid#
ek T2 REEOENHoEKELR (1965
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Table4 Estimating for the total amount of zooplanpton blomass in each district in June.

show the data in July.

139

Asterisks

Oyashio district

Transitiou district

Kurosio district Total biomass

Year Biomass Area b;gomt:is Biomass Area B’il;(:xgilss Biomass Area B?;?:]ZLS gifs::lil;etz
(mg/m?*  (km®) (ton)  (meg/m®) (km®) tony  (me/m® - (km®) (ton) (ton)

1964 16,950  *53,480 906,486 5,616  *132,430 743,726 7,290 *38,920 283,726  1,933,938min
1965 30,810 68,600 2,113,566 7,116 132,710 944,369 5,784 23,520 136,039 3,193,969
1966 32,220  *42.000 1,353,240 11,586  *163,790max 1,897,670 5,784  *19,040min 110,127 3,361,037
1967 28,536 38.920 1,110,621 18,726 142,790 2,673,885 4,980 43,120 214,737 3,999,243
1968 17,862 49,840 890,242 14.430 139,990 2,020,055 5,784 35,000 202,440 3,112,737
1969 27,672 55,720 1,541,883  10.344 134,670 1,393,026 5,784 34,440 199,200 3,134,109
1970 46,722 54,040 2,524,856 7,680 132,710 1,019.212 5,784 38,080 220,254 3,764,322
1971 65,722 47,880 3,146,769 5,526 129,350 714,788 5,700 47,600 271,320 4,132,877
1972 38,400  49,680min 1,139,712 16,374 142,790 2,338,043 6,402 52,360 335,208 3,812,963
1973 37,428  *55,160 2,064,528 17,484  *124,590 2,178,331 12,270 *45,080 553,131 4,795,990
1975 43,632 44,240 1,930,279 20,252 141,390 2,863,430 5,784 39,200 226,732 5,020,441
1975 49,836 35,840 1,786,122 19,968 139.910 2,893,722 5,784 31,080 179,766 4,759,610
1976 56,766 50,680 2,876,900 16,596 136,350 2,262,864 5,784 37,800 218,635 5,358,399max
1977 32,592 36,960 1,204,600 17,526 152,030 2,664,477 9.954 35,840 356,751 4,225,828
1978 36,678 66,360 2,433,952 14,190 107,510 1,525,566 7.416 50,960 377,919 4,337,437
1979 25,890 54,040 1,399,095 19,092 91,270min 1,742,526 7,158  79,520max 569,204 3,710,825
1980 29,118 41,720 1,214,802  10.543 126,270 1,331,138 12,900 56,840 733,236 3,279,176
1981 12,150 63,280 768,852 10,980 131,310 1,441,783 9,408 30,240 28,497 2,495,132
1982 12,900 35,840 462,336 18,150 139,430 2,530,654 5,916 49,560 293,196 3,286,186
1983 18,432 58,880 1,083,801 16,057 135,230 2,171,252 9,042 30,800 278,493 3,533,546
1984 26,436  101,640max 2,686,955 18,018 92,390 1,664,683 6,750 30,800 207,900 4,559,538
1985 45,114 44,520 2,008,475 17,832 145,870 2,601,153 11,760 34,440 405,014 5,014,642
1986 19,692 82,880 1,632,072 16,746 114,790 1,922,273 8,076 27,160 219,344 3,773,689
1987 49,038 55,720 2,732,397 15,390 133,830 2,059,643 12,300 35,280 433,944 5,225,984
1988 34,716 60,480 2,009,623 14,538 106,950 1,554,839 8,862 57,400 508,678 4,163,140
1989 21,516 88,200 1,897,711 15,672 104,990 1,645,403 5,784 31,640 183,005 3,726,119
1990 23,778 52,080 1,238,358 9,036 144,190 1,302,901 3,150 28,560 89,964 2,631,223

Average 32,615 54,763 1,731,355 14,276 130,649 1,857,820 7.458 39,417 299,720 3,888,896
(%) (24.36) (58.11) (17.53)

~1978 FE AL L, 1984~1988 EDRARIIEI U < &
I #ic 27 % (Fig. 12), EARKIK T 55~20.3 g/m?
OEBETEE L, FHEIR 143 g/m? T, 3EIEOBT
R OETH -7, BEIKIRTI3.2~129g/m* ©
RcESL, FHEL74g/m? T, 3IREOFTIR
LEM - o, AHEEXBRCEITS 6 BB 7
vz b vEERBOBTFEL E4-BERKKL L, E
B A B ORE A « EFKROBEROKR FIHE
LRIEE CMETH - .

Z OEREEERBE, JitERo—HTh b0, F
P L LA BERBOBRFEESH AR L 2 3 K0 %
REBELLTWS, LaL, BEESIUCHEERIE
BRENCESH LTk h, ARFEXBEROCEBY S 5 v
7+ vHEMBEORETEI, BEELLICEFDS

HFARLEEARERICAR DL ELLND, TS
EXBAOHE - BE - BHKBI BT 2 EF0OFY
BHEE (g/km?) c S BEE (km?) ¥R L TEXEO
B 52 bR (ton/area) Z3R® (Table
), FOIHEBBHFEHORELE » Fig. 16 KRL
7o, 1964 ELARED 27 FERIC B\C, ABETEEIB I
58T vEHEBORBBEIXINEED
54%X10° b v, B{EMEIZ 1964 £ 1.9X10° + v T, &
D 28 EOEND -1z, FRBOFHEHER
BEIEKIET 1.7X10¢ + v, BERET1.9X10° + v,
BEEEXE T2 03X10° b v T, BEHEWEL, B
39x10° b v iR INL, BERBICKST2EME
ARARE L BIFEETHAHOR, BEREOLEET
EHVNRL, HEHPWCREREO SHERESAE -
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Fig.15 Percent of the covered area in each dis-
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o rEELTWS, bbb, 20 2T st
%6 AnBEBXKOFHRFRER 326 g/m* T, S
Rifo 143g/m> t R 23 ETh bbb
4, RS AEREIIYC 54.7x10°km? (24.35%) &
103.6 x10® km? (58.11%) T, #1/2 th -7, BEHKX
BovHBARR T4g/m* L HEBEEO /4 TFT
Ho, FHLEAEBEES 394x10°km* (17.53%) &%
P oatDT, EHELBH TR, BHE - BEXKE
D1/ RBREHE T,

—F, T TEYEYEE L 1964 FLRER, B
75 v+ vEERBOENES (Fig.12) KkIT5%E
I s AHER (1965~1978 %) LI Y T2, £ o
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Fig. 16
from 1951 to 1990.

5%, HERBsTEMBEORFEEEL, 1967 -
1968 4E LR E M -T2 Dy, F O 1978 E T TOEK
HERIITE [T A L, 1982-1983 FEDKKBEF
YETHEINPESKER~LER-T 5, BEXKE
s\ TIE, 1969~1971 DK ELH S BREREOS
KEHOMENHEY L, TOBREE I Hic—&%L
TEH, EUHHYSHEIBECIRETH -2, L
Do, BEXE L BEEEBROLHBORELENI, &
HHoMBr BT FOERTh T8, Zhll
HRBAEBEOEELH (Fig. 12) TRHALMN TR »
r-EERORAES, EHWEOFHTEDLAL LK
7t o te, BEIXKIE T, 1980 £ 04 HEILLF D5,
FOKENMECO TRELAESCHELERARED LN
f'&fﬁofi.

1980 BED

Long-term variability of zooplankton biomass in June indicated by 3 years running mean

&, THEBEEXBEROEWE L SHEREE LR
EELoOEEYRILLEZA, HEl RS - BEX
e bEME L SEERR E ORI, BEOERNILE
dbhnichotc, UL, £HELEFEOMICIIE
EHEOAEBBGRMAED bR, LTo—&kERRA E
LRt

B Y =0.045X40.243 (»=0.845)
E&XKHE: Y=0131X-0.018 (»=0.886)
X @752 v vEEE, g/m?
Y: 4 AR, X108 + v

r . FEERE

05, BEKECE-TE, FIstee, 1972
DX CHEEN3BIg/m? LB oD EHEE
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2 29.6X10°km? & Rh oD THYPE T 1.1 X106 +
VETRWELE, 1984 D X 5 BEES 264 g¢/m?
tf et EFEEL OB CERAD
101.6X10°km? 3 H ot D THEY BT 27X10° + v
EEBHTHEGERD -7z, L, &L LT, &%
BROSEEELY L, B 752 F vEEET DL
LOMBEICERBL TVWAZ L2 »7e, HEitEEo
AEHEXBNCST2EHBOREE, FXEDS
BHECESHL Vb, EXREWEECSHECEKELT
W ENTRE IR,

6 HE

HitERie k12875 v 7 F vREEROFEHE
fbicowt, 1) BE-BE&-BHERE bEDS5 Aic
BhEieh, TOBIHBAKETELL S -2 2)
BE-ESKEBI kT, 5 BLBEBE -ty T+
BH Bk 11 B -eelmt 52 & 3) Bk
TREFLEKRENFCTHKICRELT58, BFEER
RS - BEARI D 32 LE0BEFHL LI
o

BOE O BRI RT, BTS2 v ED
RS T 2R S RIITRA Eic s, #HAR
(198813, HAr¥EE o Lt 5 BIR ~ BRET 8
CR#HEE) © 100X 10 km? KKz~ T, 1953~1985
EREBOhEBY TS vy (=20 T3V 2 b
V) BERE (BEE: g/m?) OREXEIZ OV TR
L7, ZofM, BEERIRAD9.79g/m? (1976 ££)
b, B 3.49 g/m? (1955 5E) ¥ THELL, BEH
fHI% 6.30 g/m? TH - 1o, BEANTIL 1963 ~1972 F %
ToO 10 HEL, 1976~1981FED 6 HED 22D FK
EHLRD LR, ZoBFEE, FeABEF s A
WTKZESImBrrOBELLEY TS v 27 b v
Hehrl bhb, ARETHIE- HEILBEREOR
Ho@iER -EENETE530ThHY, KEHE
D 6.30 g/m? i, HAb#giR o BEIKEIC 15 REY
fE5.8g/m? KiziE—%T 5, KRR EERoRE
AR TESAL, BEE BB LTV %),
B v vEFREOEBRLEREY DD LD
HEEXRD, Ll, BKBORFEL D2 -V
BT —FLCwicw, Edoiso RBEARCE
aEY T v 2 b vEREER, 1964~1983 o 20
FEfichi b AR THE L, BF~Faick
3% k57 1973~1975 EnBA R R o h e o 7o,
i, BiR~EREBckTs8m sy P VB

b=

B, BEEhoteT %Y ORI~ T
KU, T DT~ A T3 L 8 h, B
B OTFHEAEBEEL T3 (§AK1988), L
L, HitiEsic kit 2 BEARRERRE R L odt
ESRIENTAERKB TR LS, FOKEATIEE
BB OESHOEBBITTEL, Lith-TRFERD
EEb/NEVELEZLRE, WThicLTh, FHitlk
Bk WTilgm>r 5 v 7 b vVEEEDO S ESKE
~HEKBIx 5N bOEBEROBALLET
HY, BIrREBKRCSTIRBTR K hEESY
BETERL LT, BB - {LZWBEEOXHCEY 7
SV N vORBEROBINENEETHDHEEZD,
AR B TR RO T EHEBE TEE L
BTS2 v EYE, 6 AR ORTEETHD,
20, FOWREEZZ 2R - e H kg Gt
DHETEMABIIZES 160°E LFE) 0BERED 55
DIBECRER, Lo T, RSB0
W75y vERBORPEHYRE T, &
CEEEDOHVCEBAERN I 2 THRELCKEOILE
HefE > T L EBR L TAYBEEET 545
EREB, ki, BTV v OERERS I U4
RELBEL THRIIMABE L ZERL i hiln s
W, L, BERLEREOSAEE»SEEL -
L8 (ton/area) 12, BEACTEI BRI ST 5E
REYEERBOERELAS, T, 875 27 b
vEHEL, THEEEEEATREY B - BEX
BoLhHEELY S, BEE (g/m?) ThbbamE
ELIVHEBEREYRLED E0b, BHFEERTASE
DEREEELET 2 1Y - TOEEL LTHA
LBBTHAS,

4. BTS20 b OHEE
1) FEHEA

EALBIBIC R\ T, AFEx s P o THEL R
K (Table2) 5%, FEI % Appendix
table 1 iR L7e, MBI 78 h (Table
5), 108, 26 B, 76 #}, 259 A X i, Z o,
B4, BRED, -7V v AghE, BEON - #
FRIVHEY TS V7 F vEHEBELLY, ZoffFEc
BEBL T, T, BEHEOBER T, |
FERFROEBITONTELNIETIRTVE30LH
AR OKREBER), FHETERKOELLH
RS Al
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HBL-ELELBL LB L, BEHY (Arth-
ropoda) OHBEMEFE IS, 2HBBE2IE SO
69.8% (181 &) & diwvte, TOWRL, RMEMD »
5 % ¥ (Calanoida) » & b &<, RV TEHEEMO
vHBIE (Amphipoda) & #+ % 7 : ¥ (Euphausiacea)
ﬁ;%ﬁ‘ofi.

H&# (Crustacea)

#ERIEE ] (Branchiopoda) 67 3.31%
HZE#M (Ostracoda) 5% 2.76%
BHEES (Copepoda) 131 f& 72.38%
B (Malacostraca) 39% 21.55%

3181 % 100.00%

lEoR@eREIRLBY S5 v 7+ VEBOWH
BB, Y- boTh IBERE, BHEVH
BHI 0 RIC b AL, AEIL~0BTH -7
B-BE - BEEABRICSTABEERYITET 5291,
197845 A 12~22 H iz # & « =peyh &Ko 456 =
(Fig. 1) THELLEY 5 v 7 + voREE (KA
B/ B MEEH X100, %) & EERE (EEER/EE
EH <100, %)% Fig. 18 iwir LA, Z OB, £KIEKT
H7T3EAHBE LA, KERCEBIKET 33E, B
GKEBTH6 R, BREKKTIROETH T,

HEAE CRECHE L, BBE 0% M ETER
WE LG FEIL, Pseudocalanus minutus, Eucalanus
bungii, Calanus plumchrus, Metridia pacifica, Sagitta
elegans, Calanus cristatus, Scolecithricella minor %
THH, ThbiRoKEOEERETH S (HF 1957,
OmoRr1 and TaNAKA 1967, %H 1980), —77, B#EIK
HWeRBEEARE » L HERERES -, BEIKEIK
HELE 0BohT, BEABCLHBRELA 288

R EookBoBERRIIIZETH-F. DD,
HERK L CEERE LR BB Y ~T&
'3, Omncaea venusta, Lucicutia flavicornis, Sagitta
enflata, Scolecithrix danae, Calanus helgolandicus,
Corycaeus spectosus, Mecynocera clausi, Neocalanus
minor, Acrocalanus gracilis, Eucalanus mucronatus
DIBTH -7, BEKE T, BEKEk VT
BXRBIUVEARZDE b Pseudocalanus
minutus 7> 5 Calanus finmarchicus % T O 15§ 25,
BEcEVESTHEL W, Zoft, Cadanus
tenuicornis, Euphausia pactfica, Fvadne novdmanni
SREGEHATHE LR, ¥, BEKECE-TE
Wi B = & R U Sagitta  enflata, Calanus
helgolandicus, Corycaeus speciosus % &% < HH
L. Lichi-T, BEKERL, HE BEOmEK
B HBETABABADRL - THMTHI L2705,
¥, HitRckvCEHE, BE BEof2KEK
o THBRTERIZI0ED Y, T Paracalanus
parvus, Oithona plumifera, Limacina inflata OB,
B o@EKEIC kTS HEER 50% DL TEEKE
L&, chbREitgResicamToRRE LS
z X5,

Coft, HiEERCET, BEKEERET5E
L LT, BHED Pseudocalanus minutus, Eucalanus
bungii, Calanus plumchrus, Metridia pacifica,
Calanus cristatus, FHBID Sagitia elegans, K
o Aglantha digitale, SRBVE D Themisto japonica X
4% 7 3 0 Euphausia pacifica S0 AE I Bk
B2\ B D, I Fuphausia pacifica IREFEOE, =k
~EELEKRCEEL Y FEHRL CEREOHWE
ERoTWAR, ARy i ARETIE, FHiuE

Table 5 Classification of zooplankton occurred in the Tohoku Sea Area by the samples from 1951 to

1990 marked with an asterisk in table 2.

Sub- Sub-  Super- Sub- Super- . .
Phylum phylum Class class order Order order  family Family Species

Coelenterata 1 2 4 5 9 19

Ctenophora 1 2 2 3 5
Annelida 1 1 1 3

Mollusca 1 1 1 2 4 8 22

Arthropoda 1 1 1 11 7 2 46 181

Chaetognatha 1 1 2 1 3 9

Protochordata 1 1 2 1 4 17

" Total 7 2 10 7 1 % 17 2 76 259
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Fig. 17 Location of the sampling stations and hydrography during the Soyosmaru cruise in May 1978.
Zooplankton samples were collected to observe the occurrence of the dominant species of

zooplankton showed in fig. 18.

BOWESCEL SH LT VW5 THS (FE1991b).
Bk e, BEED Oncaea venusta, Lucicutia
Scolecithrix Calanus

Aavicornis, danae,

helgolandicus, Corycaeus speciosus, Mecynocera

clausi, Neocalanus wminor, Acrocalanus gracilis,
Eucalanus mucronatus % BED Sagitta enflata, 5 H
1= 58D Doliolum denticulatum, BJEED Atlanta
inclinata, YRBIE D Phrosima semilunata % OB KM
BAHBL TS, 2LC, BEARLERARICE
WTEWHEE I BEREYRTEIL, ThthoK
BOBERETH - T, 3 KEOXBEYRE, BV -DK
BB AT S Lidio - ORFr e/ 1957, 7 1962,
1980).

HILEE THESh, AEShCEY S 77 + v
D5 b, 36 BEFFHHRABEE{EE/m?) DS\ EIC
6L, SHEEORELLL, ZhLIEED

5%, fxd HEBEEEHE R E - Paracalanus  parvus
(5,886 EE/m?) 3, BHE-BE& -BEABOo&MIT
B L %, £ < Metridia pacifica, Pseudocalanus
minutus, Calanus finnarchicus ® 3 X ThdHK
HETH B, 2,000~1,000 E &/ m?* OE L, Acartia
clausi °% Calanus plumchrus $ T8EHH (No.7
~14), HAEELBAEESLADE > T2, 1,000
~500 f# f&/m? T X Evadne nordmanni i b
Eucalanus macronatus ¥ 7% (No.15~21), 500
~100 {8 {&/m? (X Scolecithricella minor 7 &
Undinula darwini ¥ T 1958 (No.22~40) O&&k7:
BHAEE R, X5k, 10084/ m? Ll T Tk
Pleuromamma xiphias 5>% Copilia mirvabilis % T 16
& (No.41~56) &5 -7c,

Pbkoz&hs, BAEE (n?) L) PHHBME
B 500 B ETh s AEILEERICK T A8
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Limacina inflata
Oithona plumifera
Themisto japanica
Acartia clavs
Agiantha digitale
Calanus finmarchicus
Thysanoessa inermis
Calanus tenuicornis
Pareuchaeta elongata
Tomopteris pacifica
Cyphocaris ananyx
Euphausia pacifice
Thysanoessa longipes
Evadne nordmanni
Gretanus armiger
Candacia calumbiae
Osthana gmilis
Evchirella raostraia
Euprimno macrops
Tomopteris pacifica
Neocalanus gracilis
Euchirells amoena
Metridia okhlensis
Candacia pachydactyla

Warm Water Species
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Phronima atiantica
Phronima sedentaris
Phronimelia elongata
Oxycephalus porcellus
Caetarus miles
Tomora turbinals .
Pleuramamma tiphias
Candacia simplex
Copilia mirabilis
Candacis catvla
Rhincalanus cornutus
Eucalanus elongsfus
Neocalanus robustior.
Limacina bulimoddes
Pleuromamma gracilis
Orthona nana
Candacia bipinnata
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Hyperia shizcgeneias
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Eucalanus svbcrassus
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Aetideus gresbrecht’
Phrosina senvivnata
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Rhincalanus pasutvs
Eucalenuvs mucronatus
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Neocelsanus minor
Mecynocera clausi
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Calanus helgolandicus
Scolecithrix danae
Sagitta enflata
Lucicutia flavicornis
Oncaea venusta

Occurrence of the dominant species of zooplankton during the Soyo-maru cruise in the
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Table 6 Average number and ranking of the dominant species of zooplanpton occurred in the Tohoku
Sea Area by the samples from 1951 to 1989 marked with an asterisk in table 2.

Average number

Average number

Ranking Species of occurence  Ranking Species of occurrece
(n/m?) (n/m?)
10O  Paracalanus parvus 5,886 31 @ Centropages abdominalis 211
2@  Metridia pacifica 3,558 32O Euchaeta marina 195
3@  Pseudocalanus minutus 3,091 33 Aucalanus attenuatus 151
1@ Calanus finmarchicus 2,887 4@ Themisto japonica 140
5 Clausocalanus arcuicornis 2,836 35O  Euchirvella rostrata 127
6O  Limacina inflata 2,824 36 Euchirella vostrata 127
70  Acartia clausi 1,991 37 Heterovhabdus papilliger 117
80O  Calanus helgolandicus 1,933 38 Rhincalanus cornutus 108
9 Mecynocera clausi 1,401 390 Temora discaudata 105
100 Oithona plumifera 1,315 40 Undinula darwind 102
11@®  Eucalanus bungii 1,127 41 Pleuromamma xiphias 82
120 Oncaea venusta 1,113 420 Aetideus giesbrechti 71
130 Corycaeus speciosus 1,057 430  Salpa fusiformis 60
14@  Calanus plumchrus 1,024 44 O Sapphirina opalina 58
15@  Evadne nordmanni 840 45 @  Sagitta elegans 55
16 Pleuvomamma gracilis 836 46 O  Euprimno macropa 47
17 Acrocalanus gracilis 716 17@  Aglantha digitale 41
18 Lucicutia flavicornis 676 48 Candahda bipinnata 40
190 Doliolum nationalis 610 49 Scottocalanus helenae 37
20@  Calanus cristatus 594 50 @  Cyphocaris anonyx 34
210 Eucalanus mucronatus 501 51 C  Labidocera japonica 34
22 @  Scolecithricella minor 436 520  Sagitta enflata 32
23 Neocalanus minor 428 53 Lucifer veynaudii 28
24 Calanus tenuicornis 36 54 @  Euphausia pahifica 26
25 Rhincalanus nasutus 328 55 @® Tomopteris pacifica 15
26 O Scolecithrix danae 292 56 O Copilia mirabilis 12
27 Muggiaea atlantica 291
28 O Perilia schmackeri 289
29 O Pleuromamma abdominalis 234
30 Atlanta inclinata 223

@ : Cold water species
O : Warm water species

75wy b vOBRER L ThE, Paracalanus parvus
H 5 Eucalanus mucronatus ¥ TO 21 YT,
X hiz, 1,000 @EL L ET R, Calanus plumchrus
¥FTo URBIZBESHATL B, LoL, ThLERE
DREIIEATHY, ThbLOEYEFYFHET 57
Wiz, HBEEERE b, BZLoBG0EER
ERTHLENRD D,

2) HFEBOGRIGFE

CORETERAL TR P OB, 033
mm THDhb, BRHKIZI0~60m U TEEIN5
#7557 + v (nanoplankton) »HREIh3 Z &
A, i, BEEO 2 v 7Y v A4 (nauplius)
DX 37O L D, fE L@ T SEREESD
5.

HitER CHREI TN T2 P VOKRER



S 5B S 7 v 7 b Y OB L RIEHCB T 55

12, 300 ym HBOBMEOHMEL LR 1I0em KET S
7 7 rEET, FOMBRIAEIIRATH-12, B
WV rvoORNOBREECEYELHET S
Hiz, FERBEBC LT DR LEEYIHIL,
AHDERER L FHEE, XU Calanus cristatus
& Calanus plumchrus 1 YT 2 thE O BEEHR
% Fig. 19 R L7, FRILA 2l BOBRMET, Y
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A5 1 mm LU T /N EIfE L Acrocalanus gracilis D>0
Oithona plumifera ¥ T 618, FHHER3I~4mm Db
D 2 Pleuromamma abdominalis ¥ o Eucalanus
mucronatus ¥ T 8T, % @ v T Corycaeus
speciosus 7% B -1z, F ¥ & K 4~5mm 2 Calanus
plumchrus 0 47, 5mm Ll Lo KB, Calanus
cristatus & Pareuchaeta elongata D 2ETH ~7c,

Body Length (mm)

Species 0 2 4 6 8 10 A B C
—— T T T T T
Colenus cristatus S—— 18.9 | 0.2
Pareuchaeta elongata Sms— 12.7 1.5 0.3
Eucalanus bungii —— 38 5.0 1.2
Calenus plumchrus ———— 4.4 4.3 1
Calenus finmarchicus — 2.5 76 1.8
Pleuromammea xiphics — 2.0 9.5 2.2
Pleuromemmae cbdominalis — 2.5 76 1.8
Euchoeta (lava — 74 2.6 0.6
Condacie longimena ] 1.7 215 0.6
Gaetenus armiger - 24 7.9 1.8
Euchirelle emoene - 4.7 4.0 09
Metridic pecilice — 1.1 17.2 4.0
Calenus helgolendicus - 1.5 12.6 2.9
Eucalanus mucronstus _— 1.3 14.5 34
Corycoeus speciosus - 0.09 210 49
Acrocalenus groecilis - 0.08
Paracalenus pervus - 0.08
Clousocalenus arcuicornis - 0.08 26 %
Acartie cleusi n 0.08 ~
Oncaea venusto ] 0.06
Oithonae plumifere m 0.06} s 7
l.
Species . 1?ody Leng:h (mm) . A
T T T T T T

Sagitte enflate A — 29.9
Sogitte elegans ] 29.3
Thysenoessa inermis S— 29.3
Euphaousie pocifica —— 28.2
Phronime atientico OE— 20.0
Themisto jeponice —— 15.0

A:Average Body Weight (mg)

B:Individual Number Equivalent of Calanus cristatus
Cindividual Number Equivalent ot Calanus plumchrus

Fig. 19
Sea Area.

Body length and body weight of the dominant species of zooplankton occurred in the Tohoku
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Fig. 19 iR Lic BB 2 ovT, 1 0B IR
b K&\ Calanus cristatus DEER 1 L LT, D
BEL RS L, FHiERE 3~6 mm gitko R 7 L —
7 3~10 B4, 3 mm B0 /N T 15 B,
0.8 mm RO/ 7 4 — 7 i 236~ 315 B4
L3%, Fig. 19 O FBRIZEHE L 7o Euphausia pacifica,
Thysanoessa inermis, Themisto japonica, Phronima
atlantica ELEE HENKE L, LB HEOK
BEEGTCHSYTIAAEETHS, £oT, HBEERE
K oIES 777 L7 Table 6 s, HIRMBEEE 500
BELL LD 21 w2\ ~C, Calanus cristatus DEEY
HELLT, ThoHY T8I LokE-RYHAV-T
FhZhoBoEEHYHEL, BEEBEORMCYES
Bz, Thbb HEEGEROBVEROWT,
Calanus cristatus DEBCHBE L B ESOIEMTH
%, ZORE, Calanus cristatus 100 BEL Lo E
Sh b, Calanus cristatus (594 BE) ¥E 17 &
U, Calanus finmarchicus (3798, Calanus
plumchrus (238 [84K), Eucalanus bungii (225 1K),
Metridia pacifica (206 f84%), Calanus helgolandicus
(153 {@4k), Themisto japonica (108 {BIE) DJE & iz
D, ThbTEIFIERCKST2HEREL L COE
ER:FMEhi, BERTREILZ THoC
FParacalanus parvus 2B TH D720, T ORHE
& %012 5,886 Bk T s BHFE L Calanus cristatus 24
BESCRBET, BHFEL LTOBEEERE -, F
BHEEHETIE1000@EL EEIEME DR o
Acartia clausi, Mecynocera clausi, Oithona plumifera,
Oncaea venusta, Corycaeus speciosus %0 BB FEEH
TH LI 2RHEOTER L, NEETHS
Bz, BERELLTHEMED -7, LicdiaT, ¥
dEBIck 28T 5 v 7 VEEERIUVEYE
OEBI, HREAKTENOBEL Y LAFETE
MOBHBKELEETLEEDIC, TOWBBICEEL
TEHT 77+ v ERBRETHDEFERECENER
ELTh, BFETCLENOBKEELMbY ¥RHOZ
Lizls s,

FIBEC I ABGFELLTCOTREOEERE LS
W, ZoFHHBREEROFMHE/E Fig 20 KR
Lic. ®dtitsic ks 2877 v 7 + vEEERL T
BEor—-7n0@iRL, A TRESLEKEN TR
T5H, ERKECREOBIHERE TR/ I
-7 BEbIRDEEWIFEHEAALYRT, Calanus

cristatus, Calanus plumchrus, Eucalanus bungii F

#

EMEDS HE6 HOE — 7 1 LREICE L,
MBETARARI-BFEOFHE(L (Fig.10) LFRKELE
EMER TH o 7c. Metridia pacifica V&5 8 & 9 Aicd
E—22d b, Calanus finmarchicus 3.5 B OKXEH
BErbaRCEL L, BCEBRALRbR oo,
Calanus helgolandicus (ZTHRITH 5 K cHBE
U, Themisto japonica \IHIEOEILLHi <, 8 Az
v—2nHB bRt

3 BE

BT A EY BT 7 b v OB,
BRI&E, BRER KBEZo@EoOMRC L »TkE
<EALT % (GoH 1944, %M 1976, HU7% 19800, ~—
Vv s e, TLHEEM (1972) 1, 1956~1970
EDOHFED 15 FE-IZ NORPAC * » » THE IR
75V vERESIL, ok ARy S
s VRTAREBH ST v 2 P IR 221 BAHE
TH5ELI, 205D, BHENII0ELREDL S, &
PTH22TEEIEFTRKE200m UED EBS/HT
B, F LT, BYEENLE X Calanus  plumchrus,
Calanus cristatus, Eucalanus bungti, Metridia
pacifica EOTTNERET, ThHREER-Y v
ZBPAETARBIEL 7/ LTS (MINOoDA 1958,
1971, EM 1977, HiulgBcs\vTd, EF0=RE
~tEBEE~EFEFORBKRICE, -V v rE
PESKEOHEAG L F—@rE8 L THBIL, Wi
BOKREILEMRELREIND,

—7%, BECECTHREShIBY S5 2 v D
BRI, BT BROEYER - ERFENFE LR
{BlboTuvbd, Tibb, BEEBRROEVCREE
S ERBEICL - ¢, KFE10mUEOEET
BEEINVELD D, N~ ) v 7 BREBSVTIE, K
B200m Lo LB BT 527180 5 Acartia
longiremis (LEIZ EBEL, TRKIXTLERV, ¥
1o, BT (200~500m) FAXKES0m X hERE
BT 2813, SR TBOKE2000m A%
TLoMLT\5 (JoH 1972, JTH « EH 1972), %
LT, Calanus plumchrus © = =X+ £ 1 +BIVEILhAE
KB 140 m i, 8V A KB 280 m LI
SHTED, REIThUETHB, i, Calanus
cristatus DT AE140m B CHbh 54, &
KB 560 m LI AT 5 L5, LB OBEE
BT, Calanus plumchrus (TEERKDOHEH
W2 AENGCESZ T CHRT L, Koo



R BT 58 T 5 v s b OB L RHAEICT R 149

n/ m
2 - x102 Calanus cristatus
0 [ ﬂ | T e B =T —
4r x10°

Calanus plumchrus

Lol
ol_[1] Hﬂmﬁ
4 x10°
i ] Eucalanus bungis
sk
0 i H [—I I—I rl ||
6 L x10° . Metridia pacifica
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Fig.20 Seasonal changes of the occurrence (num-
ber/m?) of 7 dominant species of zoo-
plankton in the Tohoku Sea Area.

RTRBEOHARBEEHENEL Y, 5 ACIRENE
bhs, ¥ LT, BECRD LREENOHEKRT S5,
ThiBECE - TEB~BEHT 5D ThHHEEL
bhTwa (EH 1984,

—F, EHit@Eges\vwCit, By s r vEE
BOBEERETH B Calanus cristatus % Calanus
plumchrus i3, 5 BB -ZEORENHIHFE~»T
TEFANCHEL, 6~8 A iiddtiElEE ~BTBKE
CEL DATH, TOH, BENLKANTTEY S
v BEENMELTE LGS EHELERT
A, TOERELELTIRSOFHEERK L O#ENE
xbhn, Gkt KERETH B Calanus cristatus <
Calanus plumchrus 1%, £0-HF1ZEIL C(FULTON
1973), 6 Aicita =FEF A +EVHGE T TRET
50C, *OBRFEIEMNT S, = CRREEI
DERERBCAEL TSN, BECD &R
HETTHEONTTEAET 20T, KE10m
BhbE@ToHESy F TREEIRE LD, —
7, Calanus cristatus = Calanus plumchrus D54+
LB F 123, Eucalanus bungii % Metridia pacifica ¥
DEREL LTKEBIm UERCHEL, BFEDOR
KEAHEETIOIEELTV5, 20X 5B,
P BREOLHCEMOBRE BT - E
BEMEIRTVBER 1980). ZhbD&KEXH
FBLIEGOEINKECDOT, 87527+ vB
FEYS Aoy — 7 hbEFR T TRKEYHRET
BEXERER TS, ZhICETHREBEKREED
Eucalanus mucronatus (¥, HFE KB CTIXEEETH 5
2, HitGE»s S5 5 LA ERICE-TED,
Paracalanus parvus (LRBETH - THZRELHEDK
Eeosfndinl, o/ RETHL D, LK
Bk wWiRBEECED2EE EV., 0Lk
BRFAEEOEEBISTAEEY L L ToFS R
PNEWLDEEZLRD, Lichi-T, BEREOFH
BB OEWFR - ARFHHEEIESE LT3
DT, TOERCETIEH TS v 2 b vOBEKS
BEEBYEFTHIEERELLLAD, LT, 20
BRRHEO DI I OKBICRET 2FABICE -
THEERGRLYEF O I LERD,

5 v e®mTI o b
1) HrentiEiE
Wikl kT s REBRER O/ RFERED S
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Fig.21 Food items of sardine, mackerel and pacific saury migrating to the Tohoku Sea Area for

feeding.

b, BEEVPEDTREV=A TS e v= e =HA
3, EHLECHFTIOBETANMET SEY Y 7
VIZLrVREY TSy bR TERERE L CHA
T A7, EffCEEL TS PET, &5
1982, #1987, FH 1987)., Hit#ERIT5 I h
L3gELroEEYE L OBRY Fig. 2l KRL
P, FREFRORHMIRPSRL>TWD, =17

O X E L K& X Microsetella sp., Oithona  sp.,

Evadone norvdmani, Oncaea sp., Corycaeus sp., Par-

acalanus parvus ETH H M, = F AR HATH
Centropages sp., sp.,
helgolandicus, Euphausia pacifica, Themisto sp. FD
g ABEOBY T 72 + v, HEVCIRERETFE
FERLTVS, v < XEREKIROEIRS» HH
BRBORBEHE~LOHETHOT, TOREREC
JoTHBTA2EYW S5V 7 + v ORBRRKRE ZREL

Labidocera Calanus

15, RAHOREGIFEILES T~ Lo =EE~1t
BEE~FETEMIETH Y, HibEBIZsT58
HEENERABEFIRALTRETHRTH A,

AN 977 B LU 0paTE (1977) kX hid, dudE
KEERBOY v = XL FRAMNALEFH O BEIRHE
h b BRI T OBEME KK TETH, &
FrBEROEE L CHEILBROEAKE~LBE
L, M-y cRIT, AL RFRMEIE
ATEBREICRS L, BB B TEERLH
M7 vOBERBEBAEALEEL, Thb
PRAAELTCEELYERTS. LLT, BFXkBEOT
i ldbrBE L, EPEEALBTTS, Z20X)
EEREO LT, BEBREIEDI S TEER
EAE T AL LD, BATAEM Y5 v 27 v D
BEERLENTE, v~ &REMckTsEE
HEEEER N2l KAL), TOBBIKRDERD T
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Fig. 22 Changes of the zooplankton biomass (wet weight, g/net) and the dominant species of zoo-
plankton in the Tohoku Sea Area according to the feeding migration of pacific saury.

b5,

[JP#A (Eggstage)] + v~ THRALIFEY
TR LT bR T 579, BMEEK (FEH 6 mm)
HOEHEE YA TS,

({7l (Larval stage: & 25mm LF)] %o
NEELERC, BEEO vy e 2L ED
¥z, Oithona sp., Oncaea sp., Corycaeus sp. % O /N
TSV REBL TV EORNEELSRS, Chb
RO RS TS5 BT KBOBY 7 7 v 7 b
VAL T, TRUERSNETHS,

(# & # (Juvenescent stage: & & 25~60 mm)]
FHBWEBE HcHR I BHIHREYE 2T, 1t
BlOREAKENFE L ETEDOSE & b, Corycaeus sp.,
Paracalanus aculeatus, Acrocalanus sp., Paracalanus
parvus £ OB K /BB L &K, Temora
turbinata, Labidocera sp. ED K VELHEL
T 5,

[shfa#l (Young stage: 65 60~150 mm)] #5¥}
B HIERLL, 20 ERRSCEMT 5, Lol
¥ 12 Oithona sp., Corycaeus sp. 0/ NEIBRME K
FEToE&1E-D, Evadne novdmanni, Calanus
helgolandicus =+ %7 { MOHESEIHAT AL S
ks, EREGESKESAT B TR, K
o KBEA~BTL TTL.

[ Al (mmature stage: #5& 200 mm 77#)]
R ghBIICER L T B NIRRT D,
kR oBHEOMIcBREHE, “H R YE(Bivalivia
larva) B D Themisto sp. T HE L, HIER
oHBEAGRAPECHERTRECENRTSD, T, &
FEOBNEGKEL SHEIKRA~LBTL, AKERE
T» 5 Calanus plumchrus ELHREIND L S
B,

(A8 (Mature stage)] X ScfRES LR
+a L i, KBS vy ks s, B
oltEBERAKE TR, EEEIRHED Calanus

cristatus, Calanus plumchrus LWHBE D Themisto
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Fig. 23 Relationships between the body weight of pacific saury and its stomach content weight, and
between the body weight of pacific saury and the ratio of the stomach content weight to the

body weight of pacific saury.

Japomica, * % 7 I YD Euphausia pacifica Tx F 4k
LLictktEo KB CHD OB X 5 i1n s, Mk
FROHEN, BEESLZCFEBREBECRE S
T BN, e Th Calanus plumchrus & Calanus
cristatus ERLBEERBTHY, ThbBoMTEH
HABE Y ~RBOTELRFRERTH D (hE
1977, &i%H 1982),

¥ v =0l E-RE-F TRERC ST 2897 7
V7 rvEBEOSfY Fig 22 Rl ¥ =D
FELBLEEOE THAAMES O BERTRLUEOR
KIEBTE, 8752 b BRIV, S
BCeEBRENGHL, + v <nREUHOFADT Y,
LAY S TOFBELEREE L koT W5,
ok, SR> TEMITRMGLoREKEICE
ETre, BREOEBLE L I, I HKEVER
BYHAETAIOC D, 8777 v REER
(g/net), Vv =@ EREDI LW icHYT 5 4
B oEEiht 3/ EREEY E412 20 g/net 4
WAk, b5 BREEMICE S L Calanus  plumchrus
Calanus cristatus FOEAMXBBEIHE 2, 3.5g/net
Liesn, 6 BodbigE Rih T =B & Rk aERRK
T REEIT50g/net KWMT A, EHICRET AL,

FEgTR Yz CARRMRRES TH HBEKBICE
L, Rkt XBHY 57t vERRLT, &
TEPREHCBLIDICREYER TS, vv~0x
ERREKE L L ABETFERHTE, 7T ACIESD 8.0
g/met i b e b, BHAK b Calanus  plumchrus %
Calanus cristatus E03EH 2 ED %, 20K TOR
SRR E THS DS, 9 BB EEBCREYW S5 v
7 b VENREITEA L, OBy <R1ETE
BT T AR L —B L, B TEEHEoIEEE
~SRE~EEKIE TR, BT v s b v ORI
FL, REED 10g/net BE ¥ THA L1,
=M~ b ER ~E T BP0 REKBC KT LY
v lBE&EY ) OWILENEWER L SE L% Fig.
23Rl ZoEHoy v~ (k& 19~31cm, &
E29~145 g o WILERBSHERIL, KE 50 g #itko
BHETEHIgBE@H2~50TH D, BEILE
B> THALBEANEYER LM T2, E
100 g DEGHTEZFH4gBEC 050, BEFEZSKE
2gunbHE8g ETERL TV, Thiv v
<OERELTLS L, PATIFEEH I EBETHD
M, KEL RBEOWTHILENEHER & 1LHCHE
FHEEA L, ARATI 4% BE kY, JEEE
BN THILERNBYERLR S -7, i
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Fig. 25 Distribution of Calanus plumchrus in the Tohoku Sea Area by the samples from 1951 to 1990
marked with an asterisk in Table 2.
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o CHTEHCBTL, iBERPoREEL» 5
ZSEMOBSKBIEBE L TELYy v <il, HATE
BWor vz rvoEES - pEIELRY, RO
BT EEOER - BBk T A EDE
ORMLERELC, BLEARYERE I 5. 4t
EHSETRELEFERBCE T, FEEHO v
~HNERLTWABYW T 7 v 7 b v OBER A
Ry b TEHELEHRETHE L TR Y CNE197T),
IO LREY TS 7 b viEAZE (Zooplankton
feeder) L LTO% v =DEEESHY I (XL TV,

2) YUYOEEREHENFHE(L

FAEROHBER L O v ~OEREL L TEE
s Calanus cristatus (Fig. 24) & Calanus plumchrus
(Fig. 25) DA MREBOEMBENMIKD L 5 TH 7.

Calanus cristatus 1X, 56 12\~ TC, B 35°N 2»
Bk 42°N, FiX 160°E # CoARBrER I h
W75y b VEBECE LT, UWIELBOEE~=
BoRicE TR LCHB LA, HETR 4N BBV
150~160°E o #HIZ 3 &<, ZoRlicizamoFl
PUTHEKIER LA ARIC TR TE D, 36N LB K
B HB Lok, 7T-8 Bt s &, AL
Bzdbf~IE R Lie s, S0l 146°E 1B -
TEREAEEs bl ER T~ & Bl - TR Y, HAH
Bk L UBEABRAEICEHREL Ty, 910 Ak
SFEER X SAERI~B Y, B EE~ET Bk
CRLREN, BIdinlikot, BHEOKE
BT, BT 5 v vEERBOFTOREEETH D
A, 5~8 A=~ e HE A, 97
ZIETERBEORBRGKEGMTHOT, 0
KIBIZ 31T 5 EHEE - LCOMENE-.

Calanus plumchrus 12, 5+6 Ai2i¥ 38~42°N D&
BT 160'E & TEHKEHIC S L TV fedd, B2 4TE
LD =R & 150~154°F ¥ X 00156~ 160°E O &
HeEEL THE L, Z 2l RERGKOETTS
KLY T 5, 7-8 BRIBERE LA~ AR
natibidBOTH LAY, 40~43N OHIH
T160E Oyh& ¥ CHEBE L CHE LK, ZO5MIRE
2, Calanus cristatus 7 7+8 Qi 1650°E X &z
PlrhhoteD ERBHT, AIUAKBERETH-TL X
WIEBETHADEV 2B, 910 Arcics &, deilEHE
FEgHh LRSI 1I51E fHE g eoafid 545, ORI
OEEROBACHFAL T, REBEEL k-
fo.

#

D YoRIziETI0 b DOHRKRE

HALSE TRICEE X N D ¥ v =i, FoEEHER
LK cth A SRBRSTORTVE, Thbb, ¥
v=OFHERERRIERELEKOFE2ETHD, AT
ARBREEOBIHCI/ERF QA F), IHIEF
RREBEQCHE) ELTHERT S, FETARBERLD
FISHRTEBL, BEKzahEE Q5E) Lo
THEEXRD (JHE 1960, BL5 1992),

1985 4 56 HIic W4 - ZEWpE KK ciTbhio v v
<~ EHoHFEECEBEIhAERAE (BE 15em 3l
%, {FE#H 159 12 (Fig.26), BEIIILEBEFE ~H
FEMORERBA~EBE L, 22 THFIZEEL T,
MTHo8~11 Aiciss &, BEYy v =D XL ER
T 5 R (ER 25~27 cm, HEMH 90g i) &
T5 (Fig. 2D, +v ~oER—46EHE (Fig. 28) »»
SHELT, CoMoMERE, FHLTT0~80g R
Bwicd, —F, RAL8H75v 7 vHBETHD
< ADERERYRIL, e=G/RX100(G: HEE,
R: —EPHFOBEEE, BH19D L3hbZ &
B, v = OERERDEY 10% L {EELLES
1B% ) OBIBERIZ700~800g L 7ch, Thii
®iZ LT, 19854 8~11 Aok, BEE
PEHERETRL TRDBHREERK L 1 BY LD
BEEENS, ofifog s> s F v HERY
BETHE, 1676487 + vici o7 (Table 7)., [
2L T, 1979~1984 FFOREY v~ DB 7 5 v 7 b
VIHERA RS, vV ~0REERS I VBEERZ
FIVBRELN, ooy vEE
Bt 2144 X10°~1.103x10° + » (Table 8), 7 %
SEHLT 1557X105 + v Thote, Thbb, HEHK
HEEDG64~79%, FHRER0219X10° + vD 7.1
o877 v 2 b vh, RIEBRORES THES
b tBEEIN ., YV ~REELOBFE T, X
SIEHEOEY TS v s b v REBIh I LIt S
5.

Frv~BERr I ELBRCESTABY S S v 2
P v EMBEORELEE Y Fig. 29w L, v =it
11 Roksss, AOEFI B X BT REBEoRREC
I D BEEARERICHA L, BT, 1954~1964 4
D11 4ERNIZ30~55F F voRBEITH Y, LEY
ve@EEED 5% L EAEILES TREI R, Ly
L, £O%Y v ~BREEDERICEE L, 1969 HiTid
BHERKD 527 b voOXRERE o7, 1970 F40z
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Fig. 26 Frequency distribution of the body length of pacific saury collected by larva net and high
speed net during its northward migration in May and June 1985.
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Fig. 27 Frequency distribution of the body length of pacific saury caught by commercial fishing during
its southward migration in August to November 1985.
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Fig. 28 Relationship between the body length and the body weight in the commercial catch of pacific
saury.
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AL LBOHNERE 2D, 1976 2 1981 FFEONR
BEYEDSDL, HERDF b vEIHEERHEREL TV
5, —F, BHrs v vEEE - £EHEOEIH
BRI KT 5 1971~ 1979 E ORI, v =
BEBIT6EORBEND L LOD, FRMIZIE
BHTH-, BYTS v vRER - EYEOSE

I S AL G, v ~BEELPMEEEL TV
5, ¥, 1963 FLIATEHE - B6 - BEKkEBoLF
HELAE T2 EERLNMELOTEYH TS v 7 + v
EYBOEER IR TRVY, ZoRHOoy vy ~DOX
BRMREY TS v 7+ YEEROE I PG KE
HYUTEOT, AMBLEP D EHETES B
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Table 7 Estimating for the amount of food consumption in each class of the body longth of pacific
saury during feeding migration to the Tohoku Sea Area in 1985.

wmmset, | A Addiionalweign  NUmberof  Amountof oo
(em) ® ® (X 10% (ton)
15 14 12 416.3 50.0
16 17 14 0.0 —
17 21 17 0.0 —
18 25 20 78.4 15.7
19 30 24 83.8 20.1
20 35 28 359.1 100.5
21 42 34 4,664.5 1,585.6
22 49 40 23,096.5 9,238.6
23 56 46 89,939.5 41,373.2
24 65 54 243,020.6 131,231.1
25 74 60 296,383.4 237,830.0
26 84 67 428,562.8 287,137.1
27 95 70 449,329.2 314,530.4
28 107 72 280,437.0 201,914.6
29 121 72 123,592.9 88,986.9
30 135 70 163,148.7 114,204.1
31 150 66 166,778.2 176,073.6
32 167 60 103,150.4 62.890.2
33 186 50 20,611.3 10,305.7
2,593,652.6 1,676,487.4
Table8 Estimating for the total amount of food
consumption by pacific saury during the 4 B8

feeding migration to the Tohoku Sea
Area from 1979 to 1985.

Amount of  Number of A"flggé of
Year Catch catch comsumption
(ton) (x10%) (ton)
1979 271,662 3,074,363.9 2,114,316.9
1980 192,449 2,089,862.2 1,498,560.7
1981 159,304 1,877,923.5 1,103,391.2
1982 192,883 1,956,325.8 1,383,383.1
1983 232,560 2,017,082.3 1,640,086.3
1984 223,769 1,933,502.0 1,453,134.4
1985 259,247 2,593,652.7 1,676,487.4

T VvEHBLY V- REBORETHIIE
ERBLTWA S Lhb, B 77 v 7+ vEYER
+v~BEY R 2 AEHBREOREC b ELLR
7o

FitlmEHCRET A EFREORKETH S <1
Te =yl y=id, TOTELRERNEYYIEY
TSV I NVRUEBYMS I VIERFELTWA
7, EEETABKORBEMCERABRCL KRR
AT B, TR (198D wihiX, BE~FEIE
CBFA <4 7 o R PHERFORBRMICH > HEY
DEEIHZT, FHA - RAORMIER -BHER
(Diatom-Copepoda) BTH %5, KA FHLR
B B g Diatom) BRI 2 R, LT, K
BISERE Y b AR EE R, RELCEFTIRERK
I hoRA&KE BIECRRERKOEEBYRI
BE&ARTHB L L, LB EEKBCKETD <1
7o, T2 N vOREE B S5 2 0
TN OBMER S ABO 7 IHETEHE
#£LTWA (FA 1981, F1E 19900, FH (1987 1%
FORMEY, HhEBRTIEKEORHEY AL TS
BR$E (Copepoda) &, BRI TIERER b B
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Fig. 29 Long term variability of the zooplankton biomass and the catch of pacific saury indicated by

3 years running mean from 1964 to 1990.
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OIBUERFEETHEHFEEIND Z &b, REK
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B, B0 - EOLELT, B BE
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FEEHE LT, ThHOBRBEORE & HHEOTRE
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N ORI BT EYEEOAMLLERT 5 FH
M ERBTHAD,

BRI R Ao RMAESCET 55512,
vReA v UDL 3 REFOREBEHHENOHITIC
I p AR ESEC S TORSELAIE, BALY
EFET, FhRE, Bk A ERIKBEACR
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ERHIEMICEGETLERTHY, BROFERILE
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Appendix tablel List of zooplankton occurred in the Tohoku Sea Area.

1) COELENTERATA KBS
HYDROZOA ¢t ¥ =Rl
Hydroida e rFe®f
Leptomedusae #kAkRBHEE (Thecata H¥EE)
Campanulariidae v 3+ 7 X+ »v#
1 Phialidium discoida
2 Obelia sp.
Eutimidae = . ~2 5 ¥%
3 Eutima japonica
Trachylina WA E
Trachymedusae W AKETHEE
Rhopalonematidae A 5 » ¥4 27 5 ¥ %
Rhopalonema velatum
Amphogona apsteini
Colobonema typicum
Aglaura hemistoma
Aglantha digitale

00 =3 O Ul

Geryoniidae +A» 3% 2 57§
9 Liriope tetraphylla
10 Geryonia proboscidalis
Narcomedusae k&5 8
Aeginidae v v : 2 57
11 Solmundella bitentaculata
12 Aegina rosea
Siphonophorae &k H
Calycophorae @&pxd H
Muggiaeidae v + v 27 35 7§
13 Muggiaea atiantica
14  Muggiaea spiralis
Dyphyidae 2% > 7 7 7§
15 Diphyes appendiculata
16 Diphyes contorta
17 Abyla haeckeli
Rhizophysaliae & E H
Rhizophysidae £v X=35%
18 Rhyzophysa eysenhardti
SCYPHOMEDUSAE (SCYPHOZOA) 7k i}
EPHYRIDAE =7 + 5&#
Coronatae TEKkfH
Ephyropsidae =7 4+ 52 5 7§
19 MNausithoe punctata

2) CTENOPHORA (CTENARIA) Hi&h#F]
TENTACULATA H#FM



Cidippidea (Cydippida) BEJfiKZH
Pleurobrachiidae =19 7 5 7§

Lampetiidae ~v ¥ 7 5 5§}

ATENTACULATA $&#FM
Beroidea (Beroida) k& H
Beroidae =V 7 5 5%

3) ANNELIDA BHEH%rY
POLYCHAETA Z£F#
Errantia ##EH
Alciopidae & =# 1%

Typholoscolecidae + &3 =% 1§

Tomopteridae *ax=»1H

4) MOLLUSCA #k{s84r
CONCHIFERA HZE®EP
GASTROPODA [EE#M
PROSOBRANCHIA gifgdE 4R
Mesogastropoda R B
Heteropoda ZE#HH
Atlantidae 77 Fv o+ H 1§

Carinariidae v 7 3 ¥'%}

Pterotracheidae v 2 Vv 27 5 5§

OPISTHOBRANCHIA #8834
Pteropoda EEH
Thecosomata HXHE H

20
21

22

23
24

25
26

27

28
29
30

31
32
33
34

35
36
37

38
39

Pleurobrachia pileus
Hormiphora palmata

Lampetia pancerina

Beroe cucumis
Beroe forskali

Rhynchonerrella angelini
Vanadis grandis

Segitella kowalewskii

Tomopteris septentrionalis
Tomopteris pacifica
Tomopteris elegans

Oxygyrus keraudreni
Atlanta peroni
Atlanta inclinata
Atanta lesueuri

Carinaria cristata
Carinaria lamarcki lamarcki

Carinaria japonica

Firoloida desmaresti
Prerotrachea coronala

Limacinidae (Spiratellidae) :ovoF=1<=1§

40

Limacina helicina
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41 Limacina inflata
42 Limacina bulimoides
Cavoliniidae #» # # 1 &}
43  Creseis virgula
44  Styliola subula
45 Euclio pyramidata
46 Diacria trispinosa
47  Cavolinia globulosa
48 Cavolinia tridentata
Gymnosomata EFE B
Clionidae ~&## 2 # A%
49  Clione limacina limacina
Pseudothecosomata #&5%¢# H
Cymbuliidae Y2V avFva2rr4F
50 Corolla spectabilis
51 Cymbulia sibogae
Desmopteridae =3 v 3 2 1§
52  Desmopterus papilio

5) ARTHROPODA #5RE%¥rY
MANDIBULATA ASREH#HEEPT
CRUSTACEA H#%i|
BRANCHIOPODA (PHYLLOPODA FME#M) ERHEM
Cladocera /A8
Eucladocera (Calyptomera) E#AHA
Sidoidea < % L#} (Ctenopoda i E#})
Sididae + & : v =g
53  Penilia schmackeri
Gymnomera ##id H
Polyphemoidea +#+#+ 4 1 2 v = L§t (Onychopoda B EED
Polyphemidae #++4x 3 2ovag
54 Podon polyphemoides
55 Podon leuckart
56 Evadne nordmanni
57 Evadne spinifera
58 FEuvadne tergestina
OSTRACODA HW/HM
Myodocopa 4 F=—-H
Cypridinidae @ 34+ & A%
59  Pyrocypris noctiluca
60 Cypridina hilgendorfi
Halocyprididae # 4 : v a#
61 Conchoecia elegans
62 Conchoecia imbricata
63 Conchoecia serrulata
COPEPODA  BEMIHE
Calanoida »3 % A H
Calanidae » 5 = 2§}



Eucalanidae =9 # 5 2 2§

Paracalanidae ¢35 % 35 % 2§}

Pseudocalanidae 7t F#» 5 % A%}

Aetideidae =3 4 ¥ A%

64
65
66
67
68
69
70
71
72
73
74

75
76
77
78
79
80
81
82
83
84

85
86
87
88
89
90
91
92

93
94
95
96
97
98

99
100
101
102
103
104
105
106
107

Calanus finmarchicus
Calanus helgolandicus
Calanus tenuicornis
Calanus cristatus
Calanus plumchrus
Neocalanus minor
Neocalanus gracilis
Neocalanus robustior
Canthocalanus pauper
Undinula darwini
Undinula vulgaris

FEucalanus attenuatus
Eucalanus elongatus
Eucalanus mucronatus
Eucalanus bungii
Eucalanus crassus
Eucalanus subtenuis
FEucalanus subcrassus
Rhincalanus cornutus
Rhincalanus nasutus
Mecynocera clausi

Paracalanus aculeatus
Paracalanus parvus
Acrocalanus gracilis
Acrocalanus longicornis
Acrocalanus gibber
Acrocalanus monachus
Calocalanus pavo
Calocalanus styliremis

Calausocalanus arcuicornis

Clausocalanus pergens
Clenocalanus venus
Pseudocalanus minutus

Pseudocalanus gracilis

Pseudocalanus elongatus

Aectideus armatus
Aetideus giesbrechti
Bradyidius armatus
Gaetanus armiger
Gaetanus miles
Gaetanus minor
Undeuchaeta plumosa
Euchirella rostrata
Euchirella amoena

167



168

Euchaetidae = +# — #§f

Phaennidae 7 = v +#f

Scolecithricidae Az v ¥+ Y » 7 2

Centropagidae # v + mo35 2§

Temoridae 7 = 5%}

Metridiidae <+ + v ¥4 7%}

Lucicutiidae A %27 7%

Heterorhabdidae ~F5 = 3 7 A%

Augaptilidae 7o 75 2§

Candaciidae # v &% 7%

108
109
110
111
112
113
114
115

116

117
118
119
120
121
122

123
124
125
126
127
128

129
130
131

132
133
134
135
136
137
138

139
140
141

142

143

144
145

Euchaeta marina
Euchaeta longicornis
Fuchaeta media
FEuchaeta flava
Fuchaeta plana
FEuchaeta concinua
Euchaeta wolfendeni
Pareuchaeta elongata

Phaenna spinifera

Scottocalanus securifrons
Scottocalanus helenae
Scaphocalanus echinatus
Scolecithricella minor
Scolecithricella bradyi
Scolecithrix danae

Centropages gracilis
Centropages yamadai
Centropages abdominalis
Centropages bradyi
Centropages longicornis
Centropages furcatus

Temora turbinata
Temora discaudata

Temora stylifera

Metridia pacifica

Metridia okhotensis
Metridia sp.
Pleuromamma abdominalis
Pleuromamma gracilis
Pleuromamma xiphias
Pleuromamma sp.

Lucicutia magna
Lucicutia flavicornis
Lucicutia ovalis

Heterorhabdus papilliger
Haloptilus longicornis

Huloptilus ornatus
Haloptilus mucronatus



Pontellidae K5 5k

Acartiidae 7H A 578

Tortanidae A % X 2§l

Cyclopoida #7 e 72 H
Oithonidae =+ 1 » +§

Oncaeidae # v 7 7§

Sapphirinidae + v 'V 7%}

Corycaeidae =V 4% v A%}

146
147
148
149
150
151
152
153
154
155

156
157
158
159
160
161
162
163

164
165
166
167
168
169

170

171
172
173
174
175

176
177
178

179
180
181
182
183
184

Candacia bipinnata
Candacia pachydactyla
Candacia simplex.
Candacia bradyi
Candacia catula
Candacia longimana
Candacia columbiae
Candacia discandata
Candacia pectinata
Candacia norvegica

Labidocera japonica
Labidocera euchaeta
Labidocera minuta
Pontella spinicauda
Pontella sp.
Pontellopsis yamadae
Pontellopsis sp.
Pontellina plumata

Acartia negligens
Acartia danae
Acartia erythraea
Acartia longivemis
Acartia clausi
Acartia sp.

Tortanus discaudatus

Oithona nana
Oithona plumifera
Oithona robusta
Oithona similis
Oithona sp.

Oncaea venusta
Oncaea media
Oncaea conifera

Sapphirina angusta
Sapphivina opalina
Sapphirina gastrica
Sapphirina sp.
Copilia mirvabilis
Copilia longistylis

Corycaeus speciosus
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Harpacticoida ~aA-t7 #2722 B
Ectinosomidae =754 7 v =¥}

Tachidiidae #*7« v 2%}
Macrosetellidae <2 e x5 5§t

Clytemnestridae 7 V" 574 x X+ 5§

Harpacticidae ~n.22 54 7 2%
Thalestridae # vz + ) 2§

MALACOSTRACA ErHE
Peracarida 77 mx ¢ EH
Mysidacea 7 3 B
Mysida 7 :&EH
Mysidae 7 3 B

Cumacea 7 <H

Bodotriidae £ Ft+ ) 7#

Isopoda ZHB
Anthuroidea v : 774> HEH

Anthuridae @ : 73 &%

Flabellifera HH#ER
Cirolanidae =7+ J & %

Amphipoda ¥z H

Hyperiidea 735 %/ :#H
Scinidae (Tyromidae)

Vibiliidae ~3 %3/ $§

Paraphronimidae £ x> : / 1§

Phronimidae #A <=7 %

Hyperiidae 7 5%/ 1§

JaF¥Fy v f

186

187

188

189

190

191
192

193

194

195
196

197

198

199

200
201

202
203

204

205

206
207

Corycaeus lautus

Corycaeus sp.

Microsetella norvegica

Euterpina acutifrons

Macrosetella gracilis

Clytemnestra vostrata
Clytemnestra scuteliata

Harpacticus univemis

Idomene forificata

Neomysis sp.
Prowneomysis sp.

Bodotria sp.

Paranthura sp.

Excirolana sp.

Scina borealis
Scina cornigera

Vibilia armata
Vibilia viatrix
Paraphvonima gracilis
Phyonima sedentaria

Phronima atlantica
Phyonimelia elongata
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208 Phronimopsis spinifera
209 Themisto japonica
210 Hyperoche medusarum
211 Hyperia galba
212 Hyperia shizogeneios
213 Cyphocaris anonyx

Phrosinidae (Anchylomeridae) —=aA#*v i/ 3§
214  Anchylomera blossevillei
215 Phrosina semilunata
216 Euprimno macropa

Lycaeidae (Tryphaenidae) .~/ =.i% 3/ 3§t
217 Brachyscelus crusculum

Oxycephalidae +#y XFv v i/ 1§
218 Oxycephalus porcellus
219  Glossocephalus milne-edwardsi
220 Rhabdosoma brevicaudatum

Eucarida +v=xv kH
Euphausiacea #+*7 : B

Euphausiidae #*7 : §
221 Euphausia mutica
222 Euphausia pacifica
223  Euphausia hemigibba
224  Euphausia recurva
225 Euphausia similis
226 Thysanoessa longipes
227 Thysanoessa inermis
228 Thysanoessa raschii
229 Thysanoessa gregaria
230 Nemaloscelis difficilis
231 Nematoscelis microps
232  Stylocheivon carinatum

Decapoda +MH
Macrura &k #EH

Sergestidae + 7 5 =v'§}

233 Lucifer reynaudi

6) CHAETOGNATHA =£3E8%r
SAGITTOIDEA 4%H#M (BEXRM
Aphragmophora & E
Ctenodontina HigHE B
Sagittidae ¥ &> &t
234 Sagitia hexaptera
235 Sagitta enflata
236 Sagitta bipunctata
237 Sagitta elegans
238 Sagitta bedoti
239 Sagitta serratodentata pacifica
240 Sagitta spp.
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Pterosagittidae ~3 # # & > §}
241 Pterosagitta draco
Phragmophora 45 H
Eukrohniidae 7 v — v v A ¥
242  Eukrohnia hamata

7> PROTOCHORDATA R&E#4M
UROCHORDA E##EF (TUNICATA #EHEFT)
APPENDICULATA E®# (LARVACEA %HE#)
Appendicularia EHH
Oikopleuridae = % <+ v #}
243 Oikopleura longicauda
244  Otkopleura dioica
245  Oikopleura labradoriensis
246 Qikopleura gracilis
247 Oikopleura sp.
PYROSOMATA k&R
Pyrosomida X{&H
Pyrosomidae v # V £+ §
248 Pyrosoma atlanticum
THALIACEA A -3#0
Doliolida (Cyclomyaria) Bi5H
Doliolidae © : 2 L8}
249  Doliolum denticulatum
250 Doliolum nationalis
251 Dolioletta gegenbaur:
Salpida (Desmomyaria) ¥ B
Salpidae 45§
252  Cyclosalpa bakeri
253  Salpa fusiformis
254 Salpa cylindrica
255 lasis zomaria
256 Thetys vagina
257 Thalia democratica
258 Pegea confoederata
259 Traustedtia multitentaculata

ok, FEBY BRED -7V v Ak, BEORFEIVEY T I vz vk, BARPCRHRALTVS
By, FRTITEHL TVinL,

¥, BHEC LT, RHROERLE B ELAVHITIR TV 240250, HEOMETRED L 51Tl
% (Brodskii, 1965, 1972 ; Bradford, 1988 ; Miller, 1989 ; |-, 1986),

Calanus gracialis
Calanus pacificus
Calanus sinicus
Mesocalanus tenuicornis
Neocalanus cristatus

64 Calanus finmarchicus
65 Calanus helgolandicus

66 Calanus tenuicornis
67 Calanus cristatus

R
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69
73
168

Calanus plumchrus

Neocalanus mimor
Undinula darwini
Acartia clausi

Ll

Neocalanus plumchrus
Neocalanus flemingeri
Nannocalanus minor
Cosmocalanus darwini
Acartia omorii
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