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Decadal mean oceanographic conditions in the southwestern
part of the Okhotsk Sea from 1983 to 1992

Motohito YAMAGUCHI

In order to clarify the mean oceanographic conditions and areas which showed
large annual variation in the south-western part of the Okhotsk Sea, mean values
and standard deviations of water temperature and salinity were calculated from
the data obtained in stationary observations conducted by the Hokkaido (Wakka-
nai & Abashiri) Fisheries Experimental Station from 1983 to 1992.

The oceanographic conditions were chiefly affected by the strength of Soya
Warm Current from April to December. Secondary factors which affected the con-
ditions were as follows : in April the distribution of low saline waters caused by
melting of drift ice and river run-off, in June the rising condition of water tempe-
rature of the Okhotsk Surface Water, from June to August the distribution of the
Cold Water Belt, in October the distribution of the water which re-entered in the re-
gion north-eastern meandering of Soya Warm Current and convection off Cape
Shiretoko, from October to December the strength of the East Sakhalin Current. .
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Fig.1. Locations of the fixed Oceanographic stations in the southwestern
part of the Okhotsk Sea from 1983 to 1992.
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Table 1. Observation periods and number of stations in oceanographic observations
from 1983 to 1992.

Year Period Number of Year Period Number of
observed Stations observed Stations
1983 20 Apr.-24 Apr. 58 1988 21 Apr.-25 Apr.
6 Jun. - 10 Jun. 34 7 Jun. - 9Jun. 36
22 Aug. - 26 Aug. 46 22 Aug. - 24 Aug. a9
15 Oct. - 20 Oct. 17 17 Oct. - 19 Oct. 38
19 Dec. - 21 Dec. 26 5 Dec. - 8 Dec. 39
1984 17 Apr. - 22 Apr. 43 1989 19 Apr. - 22 Apr. 43
12 Jun. - 15 Jun. 58 12 Jun. - 14 Jun. 40
21 Aug. - 26 Aug. 58 25 Jul. - 28 Jul. 40
12 Oct. - 19 Oct. 32 2 Oct. - 4 Oct. 40
18 Dec. - 22 Dec. 29 11 Dec. - 14 Dec. 35
1985 17 Apr.-21Apr. 55 1990 19 Apr. - 22 Apr. 36
12 Jun. - 20 Jun. 58 4 Jun.- T Jun, 38
26 Aug. - 30 Aug. 58 T Aug.- 9 Aug. 38
22 QOct. - 30 Oct. 38 25 Sep. - 27 Sep. 38
2 Dec. - 4 Dec. 38 10 Dec. - 13 Dec. 38
1986 18 Apr. - 24 Apr. 50 1991 15 Apr. - 18 Apr. 32
9 Jun. - 12 Jun. 39 10 Jun. - 13 Jun. 38
25 Aug. - 28 Aug. 62 2 Aug. - 4 Aug. 38
2 Oct. - 8Oct. 61 30 Sep. - 2 Oct. 37
3 Dec. - 10 Dec. 60 9 Dec. - 11 Dec. 32
1987 20 Apr.-24 Apr. 61 1992 20 Apr.-22 Apr. 31
8 Jun. - 10 Jun. 61 9 Jun. - 11 Jun. H
24 Aug. - 27 Aug. 62 28 Jul. - 30 Jul. 36
22 Oct. - 23 Oct. 40 5 Oct. - 8 Oct. 38
25 Nov. - 271 Nov. 53 7 Dec. - 9 Dec. 27
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Fig.2. Distribution of mean temperature (Solid lines : °C) and salinity
(dotted lines : PSU) at Om, 50m and 100m depth in April from 1983 to 1992,
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Fig.3. Distribution of mean temperature (solid lines : °C) and salinity
(dotted lines : PSU) at 0m, 50m and 100m depth in June from 1983 to 1992,
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Fig.4. Distribution of mean temperature (solid lines : °C) and salinity
(dotted lines : PSU) at0m, 50m and 100m depth in August from 1983 to 1992,
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Fig.5. Distribution of mean temperature (solid lines : °C) and salinity
(dotted lines : PSU) at O0m, 50m and 100m depth in October from 1983 to 1992.
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Fig.6. Distribution of mean temperature (solid lines : °C) and salinity
(dotted lines : PSU) at Om, 50m and 100m depth in December from 1983 to 1992.
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Fig. 8. Distribution of standard deviations of temperature (solid lines : °C)

and salinity (dotted lines : PSU) atOm, 50m and 100m depth in June
from 1983 to 1992.
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and salinity (dotted lines : PSU) at0m, 50m and 100m depth in August
from 1983 to 1992,
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Fig.10. Distribution of standard deviations of temperature (solid lines : °C)

and salinity (dotted lines : PSU) at Om, 50m and 100m depth in October
from 1983 to 1992,
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Feeding and assimilation of the sea urchin,
Strongylocentrotus nudus for Laminaria religiosa

Yukio AGATSUMA, Akifumi NAKATA and Keiji MATSUYAMA

Seasonal changes in feeding and assimilation of five size groups (13.6, 25.1,
33.4, 40.0 and 54.2=m in initial test diameter) of Strongylocentrotus nudus reared in
aquaria for Laminaria religiosa were examined from October, 1989 to October,
1990,

The daily amount of food eaten was much in large-sized groups from November
to August, that increased from April and reached a maximum in June, however,
decreased in February under a low temperature (6°C) and did from July to Septem-
ber. On the other hand, the smallest 1-year old group ate less than 1 gr. per day
throughout the year, however, showed the highest feeding rate.

The daily assimilated amount increased in March to June, although decreased
in July to October and January to February, and was approximately much in large-
sized groups.

The growth rate was more high in small-sized groups. Particularly, that of
1 and 2-year old groups was high from October to January, however, was low

down in August and February.

it E O A PRLBEoRBsEE TR, ARNGRHESHAL, GEIEDY »TET
BEbh 3BTRS LEMICS oh, EFETOBHRBLAL-255,

[Elkk7sHR (3, EHN T Barren grounds' ¥, Open space’’, & % W i2Coralline flats"’
RnELEHEh, ToFELFERO— AT, LhTby=HogE ~0oAXxLER
EThaIEMRENTVE ",

ST 2+ ¥ A5 4+ 9= (Strongylocentrotus nudus) ¥ &4 2B YO R
EAOEFEOBBIEAARILHA A FFERRRTOMBETOFREEX, 200g/nfDF 7 4
SH* V=TS LHEEORMEICAKEUEBESI SO LHERE L,

JEifE H AR R OB IHICE, #5459+ =HEATYHOE RS LT

WOCFS  A198 (19934 3 H150 3%

* 1 KMIEOREER 3 FEARKEFSBHFASTOIRE L.

= 2 dbfEE R AKEEAERE (Hokkaido Central Fisheries Experimental Station, Yoichi,
Hokkaido 046, Japan)
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HMERICAERL Y, IhoolEEREIcHT 2 AFOBERFHSBRIRZOFELER
THEEEZONTVEY, LiL, #7454+ =0T 2R 138D TH
FHITH o, AEEGRESGERECRETHAFHORNTEEEMET I, &®RN
BTAROERMMVETES S,

ZITIRZTORELT, tEEHFEITELERE CHANEEREEERT 5+ 2 2
¥ 7 (Laminaria religiosa) T 3*% L5 9%v=OHEMHEE{LORFEELERHEE
BRickv#BohicLicoTHEYT 3,

HEBLURE

1989%E10H 7 Hiz, OBF&MEOBEE Ty OKEI~4m) KEBT 5+ 5459+ 9=
E2RFa—N#KIck D, KEZFNC200BEREL 2. Th S ZIbaET hRKERRS
HEB R0, 602 ARUKE (BRBKENIHL, BKE 1 ~1508E /FiE) 5% kA
~E) it 1l ~4 @B LU 5 @LELEE Bbh 2 FEEESE1c i d SERELL 7- 8 #4 % Jensen™
DHEIcE D FASLERHSHAL T, ENEN20~30EHTNEL 72, BKEND+ 5
LS4+ o =TF1989E10H13HA 51990411H | Highd T, 2~6Hic 1 BloBAaTK
Rty A3y 7OEEETSBEL, BERIKER (FER) 2ill-72. KEOKIZH -
fkittiE & — 2 TRV B, 1o vBloxy b (HS200em) 2L e, @ELT
KaE+DickEL THERER -7, 72750, 19905 | ~3 HicRER Ltk 2oV 7%
FmRKICB LA RIS L, oL 5 LTS LA, SiHEcEEmEA 1),
BT (HER) AL, SonifRicl-ouvT, ABo 1 k1 B2/ 0 ofEfl
it & R L UE A%, 70, B & RERE Pidick bR,

HESMR= GANiE—RaR) /% H o
HRSER= 1 & 1 5247 b OFfHE X 100/ & H 0Pk H
HRFE{LR= (FREE-ghityR) /EEE %HoRTHE
[Efe%h%= A L& x 100,/ A R

REDBEH =R A R R < 100/ % H Ok

FHE OB EFR=KEHO A FE&ER X 100/ & H O FaikE

Table 1. Initial test diameter, total weight and age composition of five
experimental groups of Strongylocentrotus nudus reared in aquaria.

Number Test Total Age composition
Group of diameter weight
individuals (mm) (g) 1 0 m v Vv viwv
A 30 15.6*1.3 1.98+ 0.46 30
B 30 25114 8.64* 1.36 30
C 30 33.4%16 19.69% 2.4 5 13 11 1
D 20 40.0+1.7 32.83%x 3.79 2 11 1
E 20 54.2+3.1 76.83%=11,52 6 8 6
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Fig. 1. Seasonal changes in daily amount of Laminaria religiosa eaten by
Strongylocentrotus nudus of five size groups (A~E), daily feeding rate

and water temperature in aquaria. Explanations of symbols (A~E) are
shown in Table 1.
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EREIGROERIZ, ALBHTEATHR2MEEY IRBLU2E®TH >, THITHL
TC, DBEZ, ThENB3I~4 MBIV IMNBh -1z, 12, EEBR S~ THOMK
Th-ot (Table 1) ¥ 7454+ 9 =OHRBHFEIZO~4H5m™ EEhTHWEOT, A
~CRBHIWABRIC, %72, D, EBIEARICELTVWS,

KEFOHR & HERE L UCRTHKROFME(LEFig. | ITRL1,

1 A 1 B2 p OFEERIZI9905E 9 HE 10 2 BH T, BEOAREVEHZED L,
BRELI0~2 APV ETRILEAL TV, HiCA~DETIZ 2 HOD 6 CHiEDEXK
BEfC PP LR VERicH -1, LL, BERRRFELL4ALSHMLTE Hicidl
KicEL, EMTRA3Tg TH-1o BHIcC~EHTRTALBIcHEELZBICELDL,
9HICIF05 g HIE TS - 7o

BRI AMEEERE RS RA-HHE LD, 1I~1HEA~5HBLUTH
NG RER EED - 1o FHOARIBFOFUHRIZ 19894 10 A 4> 519904 7 A & TI3/VEEF
LD HESHBE L, BHEROL-L B0 -7 6 ATREHRICBVTHEWVEERL,
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Daily amount of food assimilated (g)

Assimilation efficiency (%)
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Fig.2. Seasonal changes in daily amount of Laminaria religiosa assimilated by
Strongylocentrotus nudus of five size (groups (A~E) and in assimilation
efficiency. Explanations of symbols (A~E) are shown in Table 1,
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AEBETIROIULIETEHED, FLLE->T2, ABOEBIEIZIIHICS 9% %ZHA 2EH%E
ED, fioPFE 3R BEAIERL o

2. @ 1t

HEEMERIZ BB E S 1AL S 2 HOEKREHZA G TPOPE P L, LL, 3~6H
T THAL, CoOMRAREREREN T, FHCEMOEHLE I ftoBicE~T 3
ALz Kigic ER L, 6 Aicizidiz 3 gici#L o 7 ALIBC 3EHEREED L, 9~10
Higiz &L 0.4 g Kiifi & 72 - 12,

ik L TRMESI RGBS TAS N ERNL L, 10~11HizhdTLERL, 12ALIK
OEKERICHELS FTBLT, 2cBI0%AI®REL >/, TOHK, Ko A4 23Hh
56~T7THETRBUEIEIRIZER L (Fig. 2 ),
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Fig.3. Seasonal changes in growth rate of Strongylocentrotus nudus of five size
groups (A~E). Explanations of symbols(A~E) are shown in Tablel.
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3.k £
RERII/NIBIREEL, ARBREEL -7, THDE, ALBHOBREEKkEOBE
FREWCRSETFT 2, 10~1HE3~6 Hicid@<, ABTREREN4%LIEBE
U3%LLEZRRLT:, 1, MBHORERIZ2 HitEh-1, Thicl T, A&E (D,
E#) OMERRIIFF2%LUTIcELEED, FCEHORFOMERIZIOHE 4~5 A%k
WT 1 %IIZELREDH -7 (Fig. 3 )o

5 =

—REic, EMERIEEEBSRchRT A ooickiRicE®ah, Ko ERicE b2V
m<y, FRizohTEL LB, =/ 7v7 9= (Strongylocentrotus intermedius) 12
ZHKIR 5 CRiligETd == » 7 (L. japonica) ¥ 3 3 [El{b&hHEH355% D kAEE HEH 4
W, Ff, &7 39A4A*57 9= (S drobachiensis) @ Laminaria longicrurisic ¥}
T 3EHEIRB 5 0 I T # Y A v o9 = (Lytechinus variegatus) &Tripneustes esculentus
D Thalassia testudinumiZ¥d 2EHEHIR IR, BHELWTEB L E50~60%5""" ThH,
BIEEKETH I EMBMETNTVS, ChicH LT, AERICHVWEF 454+ 9=
DEHEHERZIHOKE 6 CRIETIO% SO TE LA &I, CoORIcHHEL 28R
w23 VTH, BKCEBLIEBCREZRUH LA EH—DDERTHELEELLN
Z’O

/N7 vy =R REEBORBERIC G S0, R, BTV 2RI
FHRASRELDT 2, B LA 2@l o+ sy a5+ v = EHEN, 7~9 Aokl
16~24C~D_FF (Fig. 1) icBREIBO LI i3, =/ 7 vy =Lk, o
MO EFER O, EICHY LA P &t bDLFEIL LN B,

w7 3gAANT vy ORI, 1~2 A0 4 CRMOEKRFIETTEY, £z,
T * Y hvov =L Tripneustes esculentus® Z OB X, KELEBEVWEIEETT
BN EBHEINT VWS, £, VN7 9= 28k # a7 (L. longissima)
KX s RN, 2~3H (KR2~3C) cRLETTILBmEIhTVLE?Y, —
B Fra5HFv0F A TioHT AEERES, LUHOEKRTTELIBDT S
ZEMHEENTVWAY , KERICHVWAF 459+ =R HEH S 2 HOKE 6 ‘Chi%
(Fig. 1) THERHSED L,

v =HFoEKiEicT 2 BHEORDIE, Bk RBUEE8EESD, F574654F
Y =2 T QHIEEM A ERBLL, =/ "7 v =k b bEKRICET EHEEORDHA X
WholitEans,

IMETHRIRIE T, 3~5mDF Y 2 3 v THlEN12~4 HE THET 3 2 L0t
NTLEY, YDy —BEIC L ZEIER, TOROMERRICKELHEELRIEZT O
EEZOND, CORMOF+ 5 454+ =fEEi0+y » 3 Ficxts 2RI, K
Ly =0FE (BEFER) KL ARE{EAEh3dbnetEI o3, —H, EBERIVE
FHEHE SLHEcHEREORDLYEA LN 00, NRIEFEIEHEERAGV I L, S,
BRIh2BERORES Ik > THRBRSRL S EMREE N, THbL, 68
HFREO* 7 A5++ 9 =pBEE LGS, NEREGETERENS CHEEFRICNTIHEA
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ERAVNEBFREEWT &, /N7 9 =Y Tripneustes esculentus& 7 A )
Avee=" kravFrANTro=PThIELTVS, BT, 8B (AR OFEM
BOEE | g KTHR L, SUVEHRINERERT LR, FHESESREELT VL
Biz, HALAEEATCBOBRRICAKEERENEILETRRLTVL S,

L%, ¥y A54F 9 —EEBESBREISICRETRNSBERZHSMICTT 30D,
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BERAEDOL S KHRELT 2002H 5 b3, HEHOHEAD SEILERTERMNE
A EDEH T A NVFE-DESENA2O0EFHANCHHOMICT A EMRETH 5,

FHEOWY £ Eicdic b, ILEEAFKEFTLEEEEL Bl GRS
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The behavior of heavy metals in the manufacturing
process of extract from scallop digestive glands.

Hiroshi NOMATA, Kouji EBITANI and Tadashi OHORI

The behavior of heavy metals on the processes of extraction and separation of
extractive components from scallop digestive glands were investigated on the supp-
osition that extract from scallop digestive glands was used for material of manure,
feed and natural seasoning.

1) On the process of extraction, removal rates of Zn, Cd, Cuand Fe by heating
extraction were 65.9~89.7% and were higher than those by room temperature ex-
traction.

2) The concentrations of Zn, Cd, Cu and Fe in the extract were decreased to
about 1,712, 1,78, 1,74, and 1,717, respectively by ultrafiltration.

3 ) Molecular weights of Zn- and Fe- binding proteins in the extract were de-
creased by proteolysis of digestive glands. However, those of Cd- and Cu- binding
proteins in the extract were not changed remarkably. The quantities of Cd and Cu
per 1mg of total amino acid in the permeate by ultrafiltration were decreased by
proteolysis of digestive gland.

i C & I

tEEICBY 3+ 5 7 A4 MIERER, fEROEMPHBEORELEICLD, AF, A
BicHmL Ty, TOUEEEICLIIMIEEOEEPEY I TIc & 3 AIRE~OKE
BEHADOREMBELTETVS,

Ry FHAMTERE BBl y <27 ERIREREOE,, HE7 3 /oM
REDEHRKAPEPA, #uF /4 FRUEOFHYEMSEFATED 'V HERPRARN
BElo kD 2 WiIREHYE MR E L ToRfASEAL WS,

LL, #2774 hBIRCIERORETLEEBARREICEREIATVWAI L,
5577, IR KATENE L ok & L TR 2848, REthoBELBo®TIcL D

HOCES A199 (19934 3 H15HSH)

* 1 b HEEKEE SRS (Mombetsu Branch, Hokkaido Abashiri Fisheries
Experimental Station, Minatocho, Mombetsu, Hokkaido 094, Japan)

=2 kg SIRg kEERERS! (Hokkaido Kushiro Fisheries Experimental Station, Hamacho,
Kushiro, Hokkaido 085, Japan)
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BB DLLMH B VIS A —JEEHS T LIRS,
ZCT, T4 FHATEBED SO+ 2 ZHIERFATMEL F 0B E LTRRT 2
BWAZHEL, =+ 2ERN0MH, HEBRIcE3TSBOEBIc>LTRI L.

HELHE

.82 #
e, 19164 BLUSHicAs—v 7R chshi iz s+ 744 (45
) » oML -higigEs Yy, ARict+ 2 T-30CTHERFL

2. TFAMSOMEE L USRE

& ¥ 5 # 4 DD S0 =+ ARS OB L USBERIFOBEEZ Fig. 1 IS/RLf, = #
2SO, HMkhc 3 EROBEEHKA (S0mM Y REM pHT2, 5mMX VAT b

50 g of scallop digestive glands

L~ 150m! of buffer A ; 50mM Tris-HCI buffer, pH 7.2,
containing 5mM 2-mercaptoethanol.

Homogenizing
= 0.2 g of protease : Amano A
Extracting at room Proteolysis at 37C
temperature for 30min. for 0~120min.
Extracting at 100°C

for 15min.

Centrifuge at 10,000rpm for 15min.

| |

Supernatant Supernatant
(Room temp. extract) (Heating extract)

)

Ultrafiltration using UF membrane
(cut-off molecular weight ; 10,000)

Fig.1. Flow chart for preparation of extract and permeate by ultrafiltration.




Ty F AR o0+ AMERB BT 2 EEEMOEEI>LT 33

& /=n, 1mM7IEF R L) ZMR, BEEEIFAF—ICLD 1 BREFEYF
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L, kb TS MINEL Lok, SO L T o h LB E BRI E L,
D S D x + 25O Sl B 150m] % 43 B4 F1#10,000D # ) 2 vk v
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50 g of scallop digestive glands

Zn Cd Cu Fe
1530 1077 220 15900

Homogenize with buffer A (150ml) .

Extraction

Centrifuge at 10,000rpm for 15min.

Supernat antResidue

Zn Cd Cu Fe Zn Cd Cu Fe
R. temp.*' 150ml 435 585 135 2009 R.temp. 50g 1095 492 92 13891
Heating®™ 155ml 173 218 78 1633 || Heating 458 1357 859 149 14267

Fig. 2. Quantitative flow diagram of heavy metals on the process of
extraction. Scalop digestive glands collected in April were used for material.
%1 Room temp. extract in Fig. 1.
% 2 Heating extract in Fig. 1.
Note : Unit of heavy metal quantity in figure is ug.

Table 1. Removal rates®’ of heavy metals on the process of extraction.
(%)
Zn Cd Cu Fe
Room temp.*? 71.6 45.7 40.5 874
Heating™* 887 79.8 65.6 89.7

heavy metal g in the extract ) X100
heavy metal ¢ g in extracted digestive glands
* 2 Room temp. extract in Fig. 1.
* 3 Heating extract in Fig. 1.

% 1 Removal rate= (1 —

2. BEABBLUBRAABICLE7I /BELESEETHOE(L

thRBIROBER AR IC & B HitHiR B L OTRA A 8K O 7 ¢ / BRE ko0& {k%Fig. 3 8
L UTable2, 3R L7%,

BERUE 0 Y TOMHK DL T 3 / BREI3#91,200mg,/100m], BT 3 / BREEI349630
g/ 100mlTH -1z, 73/ BOMEKIZ, 273/ MTR, ¥V, FUvy, Syl
VBBIU TR F U, BT/ BELTRIY) Y, FUvy, TI52vBEUY
Wy I VENEL, Yy FHAHBEERBEEULAAMNKY TH -7, MO T 3/ BRIBE
EHBROBERNRICE - THML, BERG1203 TR, 27 3/ Bh%92,800mg,100
ml, VBT 3/ EEAHI1,600mg 100ml &M, ) v ES) YU ERLLTOT I B
LTI /TR 3I~4R5C, BT 3 BTN 4~2058mL 72,
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Fig.3. Changes in amino acid concentrations of extract and permeate by

ultrafiltration with proteolysis of scallop digestive glands. The scallop digestive
glands collected in August were used for material. Ex., Extract : UF, Permeate by

ultrafiltration ; @, Free amino acid ; (], Total amino acid.

Table 2. Changes in total amino acid compositions of extract and permeate
by ultrafiltration with proteolysis of scallop digestive glands.

(mg,/100m¢)

Extract Permeate by ultrafiltration
0min 30min 60min 120min Omin 30min 60min 120min
Asp 70,5 190.5 221.5 263.9 176 1164 1543 178.0
Glu 1176 296.5 3157 339.7 43.2 185.2 225.0 266.6
Gly 283.6 365.0 360.9 379.1 219.2  277.9 303.7 344.7
Tau 343.1 356.5 3346 330.3 303.6 3205 3203 333.2
Arg 48.1 1234 131.2 147.5 16.3 80.2 101.0 1294
Ala 498 1041 1147 132.0 31.8 68.6 93.7 116.9
Pro 41.7 949 101.0 1147 13.7 47.8 67.1 85.5
Val 29.5 79.6 91.3 119.7 10.1 48.3 70.3 100.2
Leu 3.3 100.7 115.1 156.3 144 68.9 984 1398
Lys 524 1385 151.6 176.6 24.2 96.5 123.0 138.7

% Scallop digestive glands collected in August were used for material.

Table 3. Changes in free amino acid compositions of extract and permeate
by ultrafiltration with proteolysis of scallop digestive glands.

(mg./100ml)

Extract Permeate by ultrafiltration

Omin 30min 60min 120min  Omin 30min 60min 120min
Asp 2.0 13.0 23.8 39.7 2.9 12.3 18.3 31.2
Glu 18.7 38.8 548 76.0 21.7 38.4 474 64.1
Gly 211.3 2202 2420 269.2 206.0 2215 247.8 238.3
Tau 269.1 260.3 263.8 269.6 263.7 259.8 262.2 2628
Arg 13.3 41.6  60.0 86.8 126 414 56.3 74.9
Ala 196 435 619 878 19.4 43.6 63.0 67.3
Pro 6.5 17.2 293 46.8 5.8 17.2 289 50.6
Val 7.5 366 614 91.5 7.7 384 603 79.1
Leu 10.8 73.5 106.9 143.8 140 703 1005 110.3
Lys 10.4 417 576 77.3 20.2 56.5  66.5 59.5

* Scallop digestive glands collected in August were used for material.
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RA A EEROET § 7 BRI IHhHE L » &, BRBUG 053 TH40%, 1205 THI5%E
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Fig. 4 iR L7z

15 Cd —
E (_ ]
B -l
(=
~r 10.
=
=
=
=
[~
@ -
g 9 Zn
o
O

0 30 60 120

03060120 0 3060120 0 30 60 120

Reaction time (min)

Fig.4. Changes in concentrations of heavy metals in extract and permealte by
ultrafiltration with proteolysis of scallop digestive glands. The scallop digestive
glands collected in August were used for materisl. [, Extract ; B, Permeate by

ultrafiltration
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Fig.5. Changes in quantities of heavy metals per Img of total amino acid in
extract and permeate by ultrafiltration with proteolysis of scallop digestive
lands. The scallop digestive glands collected in August were used for material.
E. Extract ; B, Permeate by ultrafiltration.
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BRABMHEO Y VABICE D BOhAEARBRNO 7 o= b 75 L%Fig. 61z, 1,
kgortw Eid2, tHohBEALBEO 7= 75 A%Fig. TRl
BESRBUE 0 Yo Ttk Tid, 2FHk#940,000 & 231-8t5,000LL FOFr.No3T12tl & 3 3 B
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Fig.68. Changes of elution profiles on Sephadex G-50 of extract with proteolysis
of scallop digestive glands. The scallop digestive glands collected in August were
used for material. Ten ml of each extract concentrated 8 times under reduced
pressure was applied on a column (2.5X75cm) of Sephadex G50, Elution was
done using buffer A. O, Reaction time 0 ; A, Reaction time 30min ; [J, Reaction
time 60min ; @, Reaction time 120min.
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Fig.7. Changes of elution profiles on Sephadex G50 of permeate by ultrafiltration
with proteolysis of scallop digestive glands. The scallop digestive glands collected
in August were used for material. Ten ml of each permeate was applied on a column
(2.5X75em) of Sephadex G-50. O, Reaction time 0 : A, Reaction time 30min ; [J,
Reaction time 60min ; @, Reaction time 120min.
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Fig.8. Changes of Zn distributions in the fractions separated by Sephadex G-50 column
of extract with proteolysis of scallop digestive glands. O, Reaction time 0 min ; A,
Reaction time 120min.
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Azl —sdREoN (MP1~4)iEd, Zn, FeBLUCITIFr.No3sfhiz/h&tse—
IR O, B8, MP1~405FRIZMP 1, 455#540,000~45,000, MP 2, 3 A%
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Fig.9. Changes of Cd distributions in the fractions separated by Sephadex G-30 column
of extract with proteolysis of scallop digestive glands. O, Reaction time 0 min ; A,
Reaction time 120min.
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Fig.10. Changes of Cu distributions in the fractions separated by Sephadex G-50 column
of extract with proteolysis of scallop digestive glands. O, Reaction time 0 min ; A,
Reaction time 120min.
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Fig.11. Changes of Fe distributions in the fractions separated by Sephadex G-50 column
of extract with proteolysis of scallop digestive glands. O, Reaction time 0 min ; 4,
Reaction time 120min.
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Fig.12. Molecular weight estimation of PM 1 ~4 by Sephadex G-50 gel filtration.
Molecular weight markers were as follows : Albumin (45,000), Chymotrypsinogen
A (25,000) , Cytochrome C (12,500) , Trypsin Inhibitor (6,500).
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Counting and sizing of zooplankton with EPCS

Kazuo HIRANO
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Table 1. EPCS data recorded at zooplankton sampling sites, October 7, 1992 during the
cruise of RV Oyashio Maru in the northern Japan Sea.
Total
Time Location Flow plankton No. plankton at cach size range

volume
(1) (md~1) 051~079 ~151 ~222 ~293 ~365 ~436 ~507 ~579 ~6.50 ~7.21(md)

0434 41-28N 195 0.00 0 0 0 0 0 0 0 0 0 0
-0435 137-33E
0504 41-30N 190 0.00 0 0 0 0 0 0 0 0 0 0
-0505 137-41E
1850 41-06N 191 0.28 2 0 1 0 0 0 0 0 0 0
-1851 140-00E
1944 41-00N 208 1.10 3 2 0 0 0 4 0 0 0 0
-1945 140-00E

DA Bl E S TR,

Table 11273 » 7 b vilEHRERSIC B BEPCSOIERTH 5, £ v H—Ici3I0DF +
vENMNED, 4 XTWHEATE I FEHET 3. BYo 2RloREMGTRTS ¥ 7+ v
AROBMBEER mThb, tr4+—RGRFERALTVEWL, 3EIHICIZ3IME, 4EHIi
29 ok TFEREIL 12

Table 2 ICRE LTS5 v 7 b vOEGHEAREZRLE, t vy —2@aALLKOHY
2ABLEDOT, Table 2 iR LAlEHOKIEDT Sy e ry—2lBLIE
ZZoN3, WTFhoEBPcb ey —DRALA LD OB DT SV 7 P YHEENT
Who 752 b vOH 4 XIIBATH0.135mdTH D, 2>+ —ORALEZ TS 2 b
vOKEE (051~721md) D biZEMI/hEhot, EvH—3%y PTHREZLALT
Svs b vERLALERREILEM 1,

ARho 75 v 7 b yRAXGEREOTS V7 b v BETTREECRONAMETS
37, Ihoidmesoplankton” ORI A3 %5, EPCSORIEMEE LTR/NETEZ LW
A B,

3, ARHOREMSTR, €4 —SPAROKNTERAILTVWAicbhhbod, 28
L7z B hicmacroplankton? BR S Wil -, TOEKEE, ABEKEHDETELLD
tEbh3, 550V —HBRAL-DET S5 v 7 b YEIAOKBKIRYIT & 5 lHEMH
bbb, L LS, ThE coEEFBlisoEPCSTF— 7Tk, Bhk b &M
K757 b YHARAIENAZTFBEVEH,S, £rH—HRALTVWADR, HAMEHE
#$T5macroplanktonTh 2 0[fEMEMRME S h B, o & 21, BABIZBLTRIMICEREL,
A3 H S8 EFEEN % 1T 5 macroplankton T3 % Metridia pacifica (=M. lucens) MnkiE
OEERIZI08IgEETEY, T35 v 7 rvoltdEiE 1 ETHhiE, €y —OBRAINEER
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Table 2. Number and mean volume (mi) of zooplankton collected at 4 sampling sites,
Zooplankton volume is calculated from some length measurements of each
zooplankter, assuming a shape of zoolankton is a simple geometric

configuration.
Time 0434-0435 0504-0505 1850-1851 1944-1945
N volume N volume N volume N volume
Evadne spinifera 1 0.0377
Mesocalanus tenuicornis CIV 1 0.0472 I 0.0269
ClI 1 0.0209
Cll 1 0.0098 1 0.0112
Paracalanus parvus % 4 0.0114 3 0.0095
2 0.0127 10,0127
cv 40,0141 3 0.0113
CIV 1 0.0055
CIll 1 0.0038
Acrocalanus gracilis § 1 0.0786
Calocalanus pavo % 1 0.0385
Pseudocalanus newmani $ 2 0.0256
CV 1 0.0174
CIv 10,0088
Clausocalanus spp. ¥ 1 0.0173 1 0.0658
o 2 0.0164
Ccv 1 0.0356
Centropages bradyi & 1 0,135
Calanoid CII 1 0.0016
Cl 1 0.0010 2 0.0009
Oithona plumifera CV 1 0.0125
Oithona similis % 1 0.0030 4 0.0028 I 0.0060
ES 2 0.0039
CcVv 1 0.0008
CIvV 2 0.0012
Oncaea media % 2 0.0036
Copepod nauplius 2 0.0012 1 0.0006
Euphausiid egg 1 0.0544
Limacina sp. 4 0.0139 2 0.0148
Oikopleura longicauda 2 0.0652 2 0.0348
Doliolum sp. 1 0.0054

Total number & mean volume 28 0.0140 20 0.0080 18 0.0275 5 0.0436
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