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Derivation of a general equation and numerical solution method for calculating chlorophyll a and pheopigments in

serial oceanographic observations
Tori TANAKA®
Formerly: Central Fisheries Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555, Japan

When we analyze a sample containing mixed solution of chlorophyll a and pheopigments by fluorometric methods, dilution
is needed for the sample containing high pigment concentration in which nonlinear relationship between fluorescence intensity
and pigment concentration appears. In this study, a general equation, which can calculate the pigment concentration in the
nonlinear region, was derived in order to avoid this dilution procedure. General solution of the equation through a numerical
calculation method is also shown for chlorophyll @ and pheopigments. Results of the calculation by general solution were
verified by comparing the results to that obtained by the dilution procedure for total pigment concentrations up to 520 pgL!

using the same sample from in situ sea water collected during a spring phytoplankton bloom on the coast of the Sea of Japan.
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Fig.1 Fluorescence intensity (arbitrary unit) for theoretical
curve of chlorophyll a (solid line) and pheophytin a
(dashed line) against pigment concentration. Calibration
data is shown for chlorophyll a (solid circle) and
pheophytin a (open circle).
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Table 1 Absorbance and undiluted chlorophyll @ concentration
chlorophyll @ before acidification after acidification undiluted

standard wave length  corrected wave length  corrected acid ratio cell length ~ chlorophyll a™!
dilution rate 6650 750 6650 665a 750 665a 6650/665a cm mgL-!

10 1.055  -0.006 1.061 0.627  -0.006 0.633 1.676 5 22.88

20 0.524  -0.005 0.529 0.307 -0.005 0.312 1.696 5 23.20

50 0.209  0.000 0.209 0.123  0.000 0.123 1.699 5 22.99

average 1.690 23.02

*1: Undiluted chlorophyll a concentration is calculated from Lorenzen (1967).
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Table 2 Calibration result for Turner Design Model 10
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Fig.2 Fluorescence intensity per unit concentration. They
are shown as solid curved lines for chlorophyll a and
pheophytin @ against pigment concentration.
Calibration data is shown for chlorophyll a (solid
circle) and pheophytin a (open circle). Dashed lines
are linear regression lines drawn from calibration data
using concentrations of 230.2 ug L' and lower.
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chlorophyll a before acidification after acidification
standard  chlorophyll a reading reading corrrected reading
dilution rate (ugL'l) range 1 range 2 F, rangel range?2 F, F, F,
20 1,151 1 MS 10.00 1 MS  5.02 10.00 5.02
50 460.5 1 MS 475 1 MS 236 4.75 2.36
100 230.2 1 3.16  8.00 1 3.16 4.02 2.53 1.27
500 46.05 1 10 545 1 10 2.70 0.545 0.270
1,000 23.02 1 31.6  8.65 1 316 435 0.274 0.138
5,000 4.605 100 MS 530 100 MS  2.68 0.0530 0.0280
50,000 0.4605 100 10 5.60 100 10 2.80 0.00560  0.00280




0.10

Fig.3 Distribution of S(x) for chlorophyll a (solid line) and
pheophytin a (dashed line) against AD. Initial value of
D is set to zero. Places of S(x) minimums are shown
by the vertical lines. Calculated points are shown by
crosses.
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Fig.4 4 F(C, P, - 100(%) for various total pigment
concentrations plotted against P,/(C,+P,). Total pigment
concentration is drawn above each curve.
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EY D, INEIEFENREELL TV A DS, REATT
NTIMEORBIZE &b o> TWDB BB RL 5,
[—iATEX] O EBESTEZE kiC [—M R
DffERDL, 2T

Ct+P, =T, (41)

LEWT, CGBLUPIZOWT, [HIEMR] %KD 72K
EABROEFZ &) E R L,

G,

(F, - F,)/(Fy(T,) - F,(T,) (42)

P

P, = (F,(T,)F, - F,(T,)-F,) /(F,(T,) (F,(T,) -
F,(T,)) (43)

EVIHEPHOENL, TITEHIZ

R(T,) = F,(T,)/F,(T,) (44)
v, BRIRBR(T,) 2B AL TELT 5 &

C, = (F,-F)/(F,(T,) (R(T,) - 1)) (45)

P, = (R(T)-F,~ F,)/(F,(T,) (R(T) - 1)) (46)

EWVIHBPESNDL, Z2TIE, K45 B LUK (46) %,
AT T—fff) LR, F72, [l & [—
e ] 2O C IR ERIFEET V] L3 %,
LaL, 2o [—##E] (SRR EE N T 5,
L7zh3oC, 2o [kl 2T s7201213, T,%
BliER e o LEED B % o
BEMORIRETIF 2O =2 — b Y EEFHCCEET
%o T=xb BWT,

F,(x)x=F,(x) (47)
OB O (36) 22 5,
G(x) =F,(x) -F,=0 (48)

EWVIBBG) EEAT S, —a— b iR,
NGB ERATLELUTICR S,

X, =x - Gx)/(dG(x,) /d) (49)
=x-((D(1-¢™) - F,)/(DE-e™)) (50)
oK (50) 12, wAITEY 2% P, (KFRTIE10)

ERAL TP OnERET 5. KIZ, BN xnzx (2
RAL, xR EV)FEZHED L L2, POREM %

|<xz_x1>| <1-10° (51)

EL, INEMZLZRECHELS B, noEET,
DL L7zo #0RLEIEORBUIE, 4~5RITH -7z,
BHHEEKERWE [—RER] OBFMEICET 24&5F &t
BAOMHDZ YU »MET 572012, aRIFIREICH
Lk LT, BBk E @A L7z, 3H TaiddbiE
ViR CIERMIEEICH 725 0T, RKEVLITNULED
D TEREORBPES IS NS, 19854E3H20H,
AR AR I B \WC, KBNS SRR %
FRELL 725

FERENT, KEINT Y NOdKE & CBEEL 225
AECL, A8100mL, 200mL, 500mL, 1,000mL®EK %,
REIAIZIEM® (47mm, 7 v M~ YGF/C) L, #F %2
oy MER L 720 mibE IR R AL, 90% T & b v
100mL% hi 2 C=i, WA CIREMaEmbt Lz, 2o
%, EE, mOooEEL, ERICowTEFy ) T L—3
a v L AOGHERIE AT 5 720 TR E [ — ]
TEME L Table 31278 L7,

HWog ENHHMEE, RRKEOBEEE L CFig. 512R
L7z M oE#HIL, 5KE100mL & 200mLo 7 — % %
fio7z, HE%x@2)REMETH D, l/KES500mL &
1,000mLD FAF O HEH I, FIREM2 S T HIZTNT,
IR EI D B o
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Fig.5 Fluorescence intensity ( arbitrary unit) of in situ
samples before (solid circle) and after (open circle)
acidification shown against the volume of filtered
sample. Linear regression lines from origin are drawn
using data for 100 mL and 200 mL of sample before
(solid line) and after (dashed line) acidification.

Wiz, [ ] CRrEL-aRiREr, dkEnl
& LCFig.6lZm L7ce KHIZ, Z7aa 7 4 )va, 7
A faFE, BLOGFHLFIREIZOWT, TR
%5 MYREEMZFEA L7z,

7238, Lorenzen and Jeffrey (1980)|2k % &, 7o
1 VaDMREBFETIE, 7247 4 —E FadSgkh Tl
KOG LFAET DLV, 22T, K Cldifkdic
B2 7007 4 VaDBALS RGO L, fE1Es
DYHNT 2 F T4 FraTiE R, 7o rtaFEL L,

[ ] ORI, Fh2NskEICIERS L
PERB(R) DS _TO99LL LD 0, EARIEA R,

Fig. 6D 7 — ¥ 2D\, BUFERED S O % Fig.7
12%FR L7ze BUKEDL 72 100mL & 200mLo 7 — ¥
12, BWEPREEFN TS, 100mLTiE, #AE o1
THEMEREEN S o7 2, #EXE 29T
BIREED N Y Sl & I L 72720124 L7720 @
LEZHN5L, 200mL T, B D1DTT = FmEp
FICRWETH 5. AFFBEFZRBESE VDI TIEZ% L

7 an 7 4 VaD— IR L BOBMER R 7
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[=Na]
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Fig.6 Pigment concentration of in situ samples calculated by

general solution, shown for total pigment ( open
square), chlorophyll a (solid circle), and pheopigments
(open circle) against the volume of filtered sample.

Linear regression lines from origin are drawn.
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Fig.7 Deviation (%) of pigment concentration of in situ
samples calculated from regression lines by general
solution. They are plotted for total pigment (open
square), chlorophyll a (solid circle), and pheopigments
(open circle) against the volume of filtered sample.

7 a0 7 4 badi Wil bV E (Table 3) TH 5 2 &
»o, ZORKEEERTLETCOMOBW T 7 by
WZXBEED, HEHVIE, BERTOBE Btk om
Y, WINPOTRESEWEEZR H5Lb,

Table 3 Results of calculation by general solution for in situ sea water samples

volume of in situ concentration deviation from regression line
filtered sample corrrected reading C, P, C,+P, C, P, C,+P, C, P, C,+P,
mb) _F, F, (nglh) (nglh) (el (uel) (gl (nelh) %) %) (%)

100 0.532 0332 349 227 576 349 227 576 13.6 3.5 9.4

100 0.485 0.305 313 215 52.8 3.13 2.15 5.28 2.1 -2.0 0.4

200 0.968 0.612 63.0 445 1075 315 223 538 2.5 1.6 22

200 0.965 0.636 583 53,6 1119 291 268 559 -5.1 223 6.3

500 2.26 1.450 149.6 1157 2653 3.00 231 531 2.6 5.6 0.9

500 2.26 1.453 149.1 116.8 2659 298 234 532 -2.9 6.6 1.1

1,000 4.14 2.623 2994 2114 5108 3.00 211 511 2.5 -3.5 -2.9
1,000 4.34 2.737 318.6 217.9 536.5 319 218 537 3.8 -0.5 2.0

r.m.s 5.7 8.7 43
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CITHELOIZL, AFMMRREORETHY, Ih

B[ — M) OFNEERTIREL 205, AetRiRE
D SR A=, 4k T43% (Table 3) TH D,
100mLOFFIZE WEZR R &, 29%TH 5o BHEEET
L L CHGBRE A ETHET 5 &, sUKE100mLO R E
A5 R 1000mLO A F T, 1ZITE CEESEL N
% (Table 3),
(] (L BETHEBEEDE [ iR THon:
KR 100mLO B O GEHEFIREE (T,) 1355ugL" (°F
¥i) THY, HIPMIELETIV] A TE 2
FEGEISZ 3 5 o

ZZT, 4L T OREOF Y ) T L -2 a v T
=& s, MREREZIERL, [HEME] »oE0n7
Bir, [—H) »oBmonBEstindse, %
DTN TI%IEETH S (Table 4),

FRESAZFHELZF YY) 7L—2aryaF =41
46pgL' FTHOT, [ THRESN/S5uel i, £
Nx& LR EETHY, WEKOIEMEEAD LRIT S 720,
MFTEARZ X 5 BIOFH 7 2 3R L 72,

ARk, MUREHTELT 255, HnzodoT
Hbo MEEERZ TN, Fv ) TL—Yaryr—%
BESmROLICEL, ZZTREGRAIESNRTVDLD
T, ZOEGROTEORE T CThREHIMERTE S,
ZFZT, BN AEH TSl I T I - F— 5 2 1F
BL, ¥3I—7 =95 GEM%5E L CIEMZ G
EAMRZ 15720 TR, [—ikF] »oBEohHEe,
R R 5 75 5 N7 B i 13 0.6% AN D # T —F L 72
(Table 4),

Db s, [HIEMASLEGE TV ] 258 0l 68 7 i BE
T, TSR] & [—HR] 3—33 252 LAVR
STz, THULFEERS, [—#E ] TRHE S CiRE,
PERFETIIAREIOBEAR L 2L % 572, JERIEMHE
Blodh b3 OWTH, FELWIZ EERRLTW5,

HIGEARIZ X B [—iE] ORGETlE, HEEXo#E
AL FESEIE 2 & IR TR o0 & 5B FE 1 14 T500ugL ' 2
EF COHPHCTHRINTE 2o FXY YT L= ar7—
5 75 B id1,000ugl W E THPTETWAL DT,
[—fff |OFIHES CORBEF CTHMATE S, Lo,
[ ] &y, dblERAo Ko s oo 7 4

WaDTHRIEEE T, ELWVBENFETE 22 L0
LM o7,
BbWIZ BUGWAKIZE S [ OBGEETH SNz
T BEORBEIL, 7007 4 VaEEDT0%LL D
bbo BEMYT T 2o by KEHETH B2 hhb
59, 7o ABROBENETELLHICEDNS,
(196712 & % &, HHAMEHBAEO IR 2
X, 72474 FaXl Db 7247+ =¥ FahEgEn
TWieWw), IRREETIE, REROBETEBE?S 0
Lo rvuna 7 4 Ve FEoOBBRENHY, 74
WENLL ol EZONDL, Tz, HETIE, 2
007 A VhIBEALATIC e, BEAL 1% 00 5 S5 BE A5 <
b v FEEME % > (Lorenzen, 1967) 72812,
U0 7 A halde R/, 7 o i TE KR
WCEHEREE 2SI D 2 L5 5 L Tw b (Gibbs, 1979;
leffrey, 1997) 2SO, 7 = H AR OREEHE
TELIHNICEDLNLZEEHHTLIEEZONS,
WO DT — 5 OFAEIZ T LRGN R L T,
HZ7uau 7 4 a?ZlF 2 HEIEFEIC L) EMEISRD 5 7%
51X, Welschmeyer (1994) O FEEN TV 5,
Besko TR EEE T IV L, THIEM ] oFE
WEZHREICAY Y N id Do RWfETHE Lz [IER
AR GFEETIV] Tl SOGIERD HEEEZ RO S
[—Heff ] OFHEBERIC, VR LEEILER, =2
— MR HCRFIUI R S v, ZOMIE, TR
DR E NI A MIRHTHT A Y FTHb,
REARIC DV, BH, 7007 1 baDiZHE R
AL CIREE R OB 2 R L, #URALT BEsE SN
THxy )7 L— 3 it NYGRER (M) 215
5o ZOFE, BIREHEENOBEELFIH LT, Mimr
fkoTBL e, Hnp b EEORE T CORYRERD
fERCE B, oI, IEMRREREZIER T 5BV
HEEEZ Do Rifgens, MREHEHL TV, Fyv
TL—YarF=shrsEsnomEiiE Bnles
BOENLOLEETTNTWT, HAERE YD) 0%
SREEAS, F,T25%, F,TLOWKRE o/l LAV olz,
CORENMIE, FEOMUXMICEEFNLF ) T L -
3T =Y OB, NIERPLING, TR
O o THFERIFTE SN TVwDL I LIIH D

Lorenzen

Table 4 Comparison of results of calculation for chlorophyll @ and pheopigments obtained using the general equation, normal

regression line using calibration data (-46.05ug L"), and exact regression line (-55.00 ug L™)

general equation (ge)

calibration data (cd)

exact regression (er) 100-(ge-cd)/cd 100-(ge-er)/er

corrrected reading C, p, C, P, C, p, C, p, C, p,
r, F,oo (pglh)  (uelh) (gl (uglh (ngl)  (pglh (%) (%) (%) (%)
0.532  0.332 3.49 2.27 3.36 2.28 3.47 2.26 387  -0.44 0.58  0.44
0.485  0.305 3.13 2.15 3.02 2.16 3.12 2.14 3.64  -0.46 032 047
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BMEFIVL2EHTE Ve INDERDLBIT-o TS
THiETH b,

Lk, HOOGEERHC X 2 MERREDS, HiEwIT/hs <
B &) HMEHDEALE, Sy TL—var
OMEMIE, (KEEHIR T, HI LS/ mREs
WAL D TR L, /MM, HintoicfEsTl
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HHENLZEIZRDLTHA D,

B @
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Red tide and seasonal occurrence of the harmful raphidophyte Heterosigma akashiwo in Hakodate Bay, Hokkaido
Masarumi NATSUIKE*, Makoto KANAMORT' and Hirosar SHIMADA?

' Hakodate Fisheries Institute, Hokkaido Research Organization, Hakodate, Hokkaido 040-0051,
* Central Fisheries Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555, Japan

Seasonal sampling at the Hakodate Bay, Hokkaido, from April to November 2018 revealed the occurrence of the harmful
raphidophyte, Heterosigma akashiwo, detected first in early July at a density of 5 cells mL-!, which subsequently increased
rapidly until mid-July, with the maximum density reaching 6,000 cells mL"'. H. akashiwo was observed until August at low
densities (< 1 cells mL") and not detected from September to November. When H. akashiwo occurred in high density, surface
water temperature ranged from 14.8°C to 18.1°C, which was reported to be the optimal growth temperature for H. akashiwo
in culture experiments. Lower salinity (< 30) at the surface layer, caused by precipitation, was observed in Hakodate Port
when the density of H. akashiwo increased rapidly. A red tide of H. akashiwo was observed in Hakodate Bay in mid-July
2018. Fish mortality was not reported during the occurrence of the red tide, even at the maximum cell density (113,000 cells
mL") in the bay. Some other red tide-causing species that are lethal for fishes, such as Fibrocapsa japonica, were detected
from July to November. Thus, continuous monitoring of harmful flagellates is important in the Hakodate Bay, to detect the

occurrences of harmful red tides.

* — 17— N . Heterosigma akashiwo, 7R, WEEE, GETI7 07 b v

Z 7 4 K##§ (Class Raphidophyceae) D1 T &H %
Heterosigma akashiwo 1%, 2AROHEREOHIE % A3 55l

akashiwo R & AN~ F, < T VEORE~NN
ETUE, MERE®OEMHIEL 2 (YT, 1995

JgF8~25 um, WE6~15 pumAEREE DR R0 - 7 5 IR

O 777 M ThHDH (R, 1990;Fig. 1A) . ARFL,

HFH DB ~FIE I 0 L, EINTIEIWNEZZ &0
FE 22 BB B\ TED S 2 THRE IR 2 TR

5 (53, 2013a), H. akashiwolX{GEEFE 2 EA L,

TEERE RS T A 2 L IC ks TEEEZ AT
HEEZH5NTWDS (Oda et al, 1997 ; Nakamura et al.,

1998 ; 1LIgF - /N, 2003) o Z D72 O RFEDEE L RN,
HE T MR UM I B W C RIS 7 ) e~ 4 1,

URTVHEORENGIEETIESRITIEIMENT WY
% (Table 1), ¥E1Z, 19954 ICE R BB BT 5H

Table 1), F72, WHRWIZIEA FIARHF Y, Z2—
V=TIV FEIIBWT, REOREN X 52T 7 HO
NWIEDSH A KT 5 (Chang ef al, 1990 ; Taylor,
1990), & D X 512, H. akashiwolZ X 5 7RE1E, 51
WZKE LD EERo> TV D,

LIS B TH. akashiwolZ, WEEE, /MM, WA
B, THIRREZETHEAMS L (F, 1990 5 A3,
1997 ; fiyl, 2001 ; b, 2015), JbifE@E @ HAR#ED
SARFHEIRFICIES ML TWwE EEZ 5N b, F72,
T i e TL9864E9 H 12, B fE 1A T20164E7H 12 i K
10,800 cells mL"'® % FE D H. akashiwori il 5 4 A3 &

HOCE 5 AS66 (201948 1 JJ10H ZH)

*Tel: 0138-83-2893. Fax: 0138-83-2849. E-mail: natsuike-masafumi@hro.or jp
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Fig.1 Microphotographs of (A) Heterosigma akashiwo, (B) Eutreptiella sp., (C) Karenia mikimotoi, (D) Fibrocapsa japonica, (E)
Pseudochattonella verrculosa, (F) Dictyocha sp., (G) Scrippsiella sp., and (H) Akashiwo sanguinea observed during the
red tide in Hakodate Bay in July 2018. All microphotographs were taken with an inverted, differential interference
contrast microscope. The scale bar (black line) indicates 20 pm.

Table 1 Fishery damages, worth over 20 million yen, caused by the Heterosigma akashiwo red tide in western Japan.
A t of da A tof da
Year Sea areas Fisheires style Mortality species (113332) i(l)’l divi:n;ii (rrlllilll(;)lr? }(/)en) fnage
1974  Bungo Channel aquaculture  Yellowfish 7 70
1975  Harima-Nada aquaculture  Yellowfish 3 88
1988  Tosa Bay aquaculture  Amberjack etc. 0.15 28
1995  Kagoshima Bay  aquaculture  Yellowfish etc. 71 1,000
1997  Tosa Bay aquaculture  Amberjack etc. 11 258
Sea b juvenil
2001  Tosa Bay aquaculture eteca FEATLUVERTE 560 64
2001  Kagoshima Bay  aquaculture =~ Amberjack etc. 7.8 135
Kitaura Bay .

201 t A k etc. 1.

010 (Miyazaki Pref.) aquaculture mberjack etc 0 30

[TUNHES O ARE] UM SERFE R  (http://www jfamaff.go jp/kyusyu/sigen/akashio_kyusyuwhtml, 20184F12
TH) B O [MEEWHEORE ] GES N HERSETTSE%TT)  (http://www jfamaff.go jp/setouti/akasio/gepou/index.html,

20184E12HT7H) % b & I2EE S

nCTwa (FH, 2001 JALKKERZERT, 2017),

AR Tld, 2015FEFKE 2 A E 5 HE B ¥ Karenia miki-
motoi DRV FE Lz T O, HEEENTEREL T
W2 AW A A BRI T T EDK. mikimotoilZ X o T\
VIR L7z LR S, BN (LB OEBERENOY
DNIEDJEK & 7 o 72T gD W Z LSRR ST
W5 (IBHES, 2016), ZD7z, EEEBIIBWT, A
ETT 7 b romBlE RIIZIEE L, KEEAY~OR
BAR/NRIZTHIENEEINT VD, AWFFETIE,
2018D KR ERZ BT B H. akashiwoDZEFIZEE) 72 & U2
FEEMNIC B 2R OFERTIZOWTIHRE L, 4HD
WEPE SRS E O REMEIZ D W TR L 72

ARKR VA E

REBE BAEE LR EEETICAEL, R
AR 2l & T A BRI P F AT, R R s
& s % B & RO THFE6S km®, i KKIERAI60 mD
BTHbH (Fig.2)o HEBICEERECTHLEHMEZ AL,
eEREIb AN &, ARG, KREPNIT, A0 7
EOFEZE AN OMAAEF L, B vuHEII F 220
NO—2TdH LB AL (Fig.2),

TEHRERR R EIRSAKE - WL v & — R O BEEEN
DIKEFIS mD FEBE (St A, Fig.2) 7252018447 L 1
1TH ¢, AICLR oM CRMBI = 92056 L 7. %1
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Fig.2 Location of the sampling sites. Open triangle shows

the sampling site (St. A) for regularly sampling, and
open triangles show the sampling site for the
extraordinary sampling.

HKER (AST-1000,
JFE7 RNV T v 7)) 12X o TKilB X K50 85E 5
HEMET L EE LI, Van-Domnff/k# % 0, 5
mEOHERE T LEDMENLR) U ERE L7z, $FREL
T2 HEKIITE BICEREIZEEBIF > 720 H. akashiwo® 3]
DHERR S NIZTH3H O ARTEDOMBASHER SN2 o
728 27H F THEAQ1~238 M2 1 [H O #E C MR O 1l %

Fhi L7z (FHoM) . BRI OREEO /R T — 5 %,
ARIT AR — 2 = (http://www.datajma.gojp/gmd/
risk/obsdl/index php, 2018412 7H) X h AFL 7=,

FOREERRAE  WEEB RO R TR DS )RR
SN/220184E7HI19H IZ, LEEEEER MG OME B
72 & AL 2 As K O 25 R o> B XL BT % 92
T5E LI, HMEANO4E (St 1~4, Fig.2) (2
BWTHI AWML TI7AF v 7K MVEHATOm

¥ 72 1ZRINKO-Profiler ASTD102,

BfEE 2B B Heterosigma akashiwovi 13

J& @ #EKS500 mLFEJE % $RELL 720 $REX L 729KkiE, &
RHLEE & CHREFTE R CRRAE L 720

HEMLIE S K UREE  H. akashiwox &1 — B DA E/RH]
BHIL, AV R VI LT IVTFY ROREEIZ X -

THEDHBPHE SN DL, Z07:0, EBREICHELRE
S7elkER A, IBHS (2016) OFFEICHE DT, MHEEH

ECHMEBE ML, T2bE, AEREKFEE4
mL%18 emX23 cmDEMAfE L 72 F v N—FIZX T 1
AT 20T L ORI #EmEE (IX71, 41 2 /%A) %
N T100~600f5 TRt L, MBI 2 H. akashiwo % &L
HEMMBEFHORES X U“%ﬂiﬁl%ﬁo 7oo WEEFOI Y
b T A b ORI EOBISE, #E, WoTEE
B % Wiz, H akashiwoh s {ﬁFF (100 cells mL'LL |)
W BLL 7250 T, AR B HURE 2 10~1,00055 4% B2 7 AR
LCRIESB LR Z 1T o 720 Ak 2 M L C
O HEMEEEI I SN WA, L3 umd R Y

— R A — M7 1 )% — (Nuclepore, Whatman) %
FIVAT500 mLOA: KR 2 A3 L C10 mLARFE IS
fi L7z MBS L 2RO EL S0, BRED,

HEIRTTAML 72, BMelE %, AEKEE & ko
TR L7z,

LS

H. akashiwo#BR B E DEEEE EHBIAIIC BT, H
akashiwolZTH3H 2@ & THHE X 72 (5 cells mL™,
Fig.3), ZDOt%, TH13H i“(“H akashiwoi I8 28 B | X 1
ML, H®AK6,000 cells mL'23#E L7 (Fig.3), 2Dk &
@@%EimHﬁ%U,@ﬁivvﬁézzéwa
720 DO, AREEIEEA L, 8H23H120.05 cells mL'A
e S hieth, MEEZKT LA ETRIBES D
72 H. akashiwold0 mfE X ) b5 mECHEENE L %o

—_
S
=

103

101 —O—Om
—— 5m
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(cells mL-1)

ND
A M J J A S O N
Sampling date (month)

Fig.3 Seasonal change in Heterosigma akashiwo cell density
at depths of 0 and 5 m in St. A from April to
November 2018.



14 EihES, &K% #, BHE %=

720 St. AlZB\TH. akashiwo? i b E I HBL L 727
F13HIZ, b MREENS o T 7 > 7 b g,
0 mJ& TH. akashiwo (6,000 cells mL") TadH 1, &KWT
a2 — 7 L F ¥ OEutreptiella sp. (400 cells mL™,
Fig.1B) T& o7z (Table 2),

A 112 £ DD FIHANDONCIEZ G S 2§70
MDD 5B EREMEEE L LT, WEEEDK mi-
kimotoi (Fig.1C) 2811 H1H 28 K04 cells mL', 5 7
1 N#EEDFibrocapsa japonica (Fig.1D) 738 H15H IZH K
3 cells mL', 71 7 7 1 % 7 # D Pseudochattonella ver-
ruculosa (Fig.1E) B X U'Dictyocha spp. (Fig.1F) @Ik
TEAtE 23, TH23HIZZ 2140 cells mL '35 & U3 cells
mL g S 7z,

A T, 0~7 miE D Kik138.5~238°COHIPH T
258 L7 (Fig.4A). H. akashiwos B L 72 J4R (7H3

H~8H27H) ®/KiRl%, 0 miET148~238°C, 5 m/Z
TI31~210°CTH Y, AL 2B L 72010 (7
H3H~7H13H) ®KiRid, 0 mET148~186°C, 5 m
J&T13.1~159°CTd o 720 MAMHH D0~7 mig DIk
i, 272~3400HTH - 72 (Fig.4B). H. akashiwo
LM (TH3H ~8H27H), #4130 mfg T
272~330, 5 mET31.6~339Tdh o 72, A%
MU (TA3H~7A13H) ofisiE, 0 mfE
T272~313, 5 m/g T3L6~335D Pl TdH - 720 H
akashiwoSEEIM L 72THRIRICE & F o 72K D 1,
R E1L157.5 mm|Z3E L 72,

FREDRERRT HEBEOSL 2~St. 40O £ 243
km, PEASREA 5H90.75 kmih & OFPFH TRk O (I
SV PR SN, St 1~4D 4 TOWKEREH S H.
akashiwo?S i S 4L, ZF DL, K 113,000 cells

Water temperature (°C)

~N L AW N = O

Salinity

Water depth (m)

A AAAAA A
6/20 7/3 8/2
Sampling date

4/18 5/16

< 27
9/7 102 1/1

Fig.4 Seasonal changes of in (A) water temperature (°C), and (B) salinity at depths of 0 and
5 min St. A from April to November 2018.

Table 2 Dominant phytoplankton species and their densities (figure in parenthesis) recorded during the
red tide in Hakodate Bay in mid-July 2018.

First dominant species

Second domonant species

Date Station 1 1
(cells mL ) (cells mL )
July 13 St. A Heterosigma akashiwo (6,000) Eutreptiella sp. (400)
St. 1 H. akashiwo (4,700) Scrippsiella spp. (40)
July 19 St. 2 H. akashiwo (38,000) Eutreptiella sp. (2,000)
St. 3 H. akashiwo (113,000) Scrippsiella spp. (60)
St. 4 H. akashiwo (86,000) Akashiwo sanguinea (330)




mL23E L7 (Table 2). H. akashiwolZ R\ THI %R EE
Lol 7T v 7k 2ik, St 138 X USt 3T
i =€ 3 O Scrippsiella sp. (% 11 2 1140, 60 cells mL™,
Fig.1G) C, St.2Cx— 7 L F D Eutreptiella sp. (2,000
cells mL"', Fig.1B), St 47T i i F ¥ D Akashiwo san-
guinea (330 cells mL™"', Fig.1H) T & - 7z (Table 2),
St. 1~3Tid, 1E& A LH. akashiwos HARO B 56 T &
S72h, St AT, KBOKEW 757 by ThiA
sanguinea?’ LB S H I L TR Y, RERWIZ
ILVVIREETH - 72

z =
St. ABWT, H. akashiwo3 )& CHEFE &N 727H3H

MO IREREIELZZTAIBA FTOI0H <, KD
MNFEEI1X 120065, T74b 200105 (1,024) %8z

HAEICHEAN L 72 (Fig.3) . & AKE oo %8 BE o B i %

MRS RPN & 2 L LTI O A X
S THMT 5120, 1THICHEPL EOMB S snElTh
HZ Il b KRS TICB B H. akashiwoD e K55
AL, 1HH72D09~19mFEETH 5 Z & HHE &
N TPH Y (Tomas, 1978 ; Watanabe, 1982), 1H (Z1[A] LL
L2535, RFEORWEGEIZ AV, SO R, T
H i 0w O BB SME, AT OB 12 IRE (iR
THholzEEH D, 0L Z0FRBKIRIE, 148~
181°CTH V), BRE4MET I BT 5 A% 0 Z KR
T CTd H15~25°C (Tomas, 1978; Watanabe, 1982) 23T
WETH o720 FEINZIKIED FHIZ L 5T, KEEOHE
B 7 AR I L 72 o & A8, ARG 46 1 3B

LERNTHol2E2 b5,

ARIE LR HPA OS> (10~35) TEAIFICHIEL, X
R 45t (10~20) CEEARMIEA S5 2 & A%HE
S Twb (Tomas, 1978: Watanabe, 1982), 20184F7H
BT AR S A AU LA L, RIS B A TH
FORFEKEILTIETRD E o720 TOMH, St A
D0 mfEoHiAE, THI0H12272F T L, 0~1 mfE
THELRIESHEE,EET S L L b2 (Fig.4B), H.
akashiwo DML E X 2N L 720 S 512, HKAEE
2BV TAR O 2RI, T2l o 1734 h
T HEBE TR SNz REEORENE, A5 OB
KEVWEEZ SNLAILTHIET A2 T LB
THH (43 2013b), KBIZBWTH FEEOMEDTFE
B BTz, SFNIC & o TAHS 2 AU S HE 43 B A5k &
HITEWEoT, KIESICBT BB EIG O S W
akashiwodS Y5 o3 NG O LI THEEIICHEETE 2L E 2
bMb,

BRI 3B V) B Heterosigma akashiwoisil 15

A2 BT, H akashiwoDFREIIZTA13~19H @
BICRERE S 720 AHEAT20164E 12 FREAIENIZ BV Tk
10,800 cells mL' D% TR AL L7z HTHI3H
Th ol (RALKKERFLAT, 2017) AHE ORI,
FEAETIZE URIC 38§ 2 & & S liiEsic BV C D R
&N TPHB Y (Imai and Ttakura, 1999 : Li and Smayda,
2000), BEEEICBWTOAMITSHLTHIZERI TR
WIS T AR D . SR, MG L 72BENIC X
5 H 5 BRSO FER KD FAICEH L CARMEO MR
BErFdT 5 I LIk o T, RO HBHE A ER
FEHEV AT ZTFHITE S0 Ltkw,

H. akashiwold, 1 mL3 7z 1) 103/ L~V D% 7%
REERR LA ICHEEL 26T 00 (ITH,
1995), 1 mL& 72 ) T/l L~V CHENIFEAET 5K
mikimotoi & JLHE L CAH EMEADMR V. THIOHIZHERE S 1L
7 AR BRI, ARAE LR K 113,000 cells mL 23 L C W
7ohS, WEWEOWRE I R o 720 RO IR A
FERR S NIBRIMOEIE T, BHLERIIfTbN TV
Wi, MZEWENEE L hrolbEZOLNL, L
LD SRIMNIBWTIE, AEOREN L 2HEA D
ANV KR TN DO BEO NG SN T 572
O (JUMNESEFEFT LI A — 2= (http://www jfa.
maff.go jp/kyusyu/sigen/akashio_kyusyuhtml, 2018412
TH) 5T NS SET S B AT Web A4 T (http://www.
jfamaff.go jp/setouti/akasio/gepou/index.html, 2018 4f 12
ATH)), HEEEIZB W TH ARG ERICIE, BHR
I BT 2 B ERECKE TSI L 2 BETHESI NS
KEAE DOV FBELEELEZ OND, $72, W
RSN TIT b N D AT EH A W EOFEIZH V2K
FEPLETHDLEZEZOND, 512, KFHEAT10,000
cells mL' BREFET 2K PICv A F 2 BETL &,
<A FIIWEAKEB LT epmEETED (I
M5, 2008), 7 A1) 7 TIEAMAREIC L 228587 ¥4
ORI 25 S LT % (Keppler et al,, 2005) ,
HEEEIZBWTH YT X OB TON T L7280, K
TEARI SRR IR B LB L ZE 2 5N b,

H. akashiwol®, ¥ A b EMAEN AT AMIL Z I L C
TEGE I ANE 2 I, VERSHERRY) T TIRIR A 2 L SIS
T2 (Imai er al, 1993), MBI B\ CTAREA
fERE a3 N7z7, SHLAL, AREIE Y A b 2T L CilpiHE
FEW T A L T2 REMED S 50 HIfEE TIE, 2016
SEVZH. akashiwoDFREINFEA L TB Y ALK AE7E
A, 2017), 20184F \CARMEASIN L % Lhai2c 6, & A b
SR TIZ0A L C W2 REEDS RV H. akashiwo®
DA M, KIEALOCLL FIZ R % L SIFEWREICAR D,
15°CPLECIfg8IC 5833 2 2 L S fiE &SN T % (Imai
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and Itakura, 1999), St. ATIZ, SH16H O CTHfEE
L OKENPN0°CEIAB 2, H. akashiwo® HBLAHERE S
HERO6H FTHIZIX12°CE B 720 JEEKED 5 &
EBITARTEL A NDOFEEIMNERIZR LI LIZE 0T, X
FEMIE KBRS SN TTREEDS D B, S 512, 2018
EOTRM & o T, WEHEREY F 2 H. akashiwoy A 73
B SNATTREMEDS S Ve DT R ML, BAED
FEDOARFEDFEEIRE 7 D REMED TR 720, 4 bR
T ETRETH D, )7, Konovalov (1995) i,
BT vy HPEEIZBWT, Kiil~3°CTH. akashiwo
KRR PICHEH L 722 28 LT b, EAEE
OFBEAKEIL, 6°CRRETH 5 2 EPMEINTEY (I8
M5, 2016), Fk~FIZDT TR BE 72 A% & AFd S 221
JaAKRHIZHEAEL, AR ZHEREL CORWHREYRD 5,
H. akashiwo Rl 5 W, IKEEEY ONCIEE G| &
BT FOMDEETS > 7 ORI, FEACKEE
N ooy, FEIENC B\ CTK mikiotoi % &t Hifi
OFEMERENE D ST THRBEETHILL 72,
W TG K. mikimotoild, 20154E10~11H 12 ZEH:
ErE ) REPME I NTEB Y (BHS, 2016), H.
akashiwo AN O EWFEFEFI L AR EICHEFEET
HWBED B o
FEH HAEBOBEIBIZBVC20I8FETHIIH IR A
113,000 cells mL™' D H. akashiwolZ X 2 R HERE S 7z,
IS LS B AE HE PN L2 B T b ARREATR K6,000 cells mL™
OFETHILLTBY, HEEO L #PH T AFE DS LY
BEEICHBL Cnio e EX 5N 5, H akashiwo? S B
L727THAIE, ARTEOBHE I8 2 KR & & DSBS
LB EIRGAHERE S L, RO E L 72 BRETH -
7o L MBS NIz MG E R TR, AR
AHEMIEND ANV AL HO—HEZFER ETHHEINT
Who A, RIS X B HERE MRS N2,
S 72, AREEILFE CHEHE CHAED L) IR R T 5
CEDHSNT WA 728 (Imai and Itakura, 1999 ; Li and
Smayda, 2000), 4% b RHEEIEETNETH 5,

W

ERERRECER RS 7 & OB S, AREIFEE R D
TN TH A2 EE LR L RIFE T, AR
e o—Efi, ERIFEEPIE [HeimEmLIc s 24
ESRWE AL =7 - IFE M OGAHEEREOMIH] 12
FoTHERSINE L7
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BEAY GRRHICETEDT 753 RAMBAANDZEKEBrachyphallus
crenatus (R, RZEWF) OFLEIKR
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ALBELHREMEEIB S T E T - RKEKERRBZERtE > % —,
STALBEL AT REE S 9 - RKEKERARS

Prevalence of the hemiurid trematode Brachyphallus crenatus in the stomach of juvenile masu salmon Oncorhynchus

masou in the coastal waters near Cape Erimo, Hokkaido, Japan
Hirok1 ASAMI*, Hirorumi HAYANO?, SHuicHt MANO? and MiTsuniRo NAGATA

' Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Eniwa, Hokkaido 061-1433
* Doto Research Branch, Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,
Nakashibetsu, Hokkaido, 086-1164
’ Formerly: Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,
Eniwa, Hokkaido 061-1433, Japan

Prevalence of the hemiurid trematode Brachyphallus crenatus in the stomach of the juvenile masu salmon Oncorhynchus
masou collected in the coastal waters near Cape Erimo off the Pacific coast of Hokkaido was investigated. Juvenile salmon
were sampled at two different times of the day (early morning, 5:00, and day-time, 13:00) on June 10, 1994, using set nets
extending, from the shore to offshore areas at three stations. A total of 127 juveniles were collected (41 individuals in the
early morning and 86 individuals during the day). Most of the juveniles were captured at the shore stations. Five tagged
juveniles were also found at the shore stations during the day. The fork lengths of the juveniles collected at shore were
smaller than those of the juveniles caught offshore. The ratio of small juveniles (<20 cm) caught was about 50 % during the
day, and about 29% in the early morning. B. crenatus was present in over 95% of the total juvenile salmon collected during
the early morning and day. Mean intensity of occurrence was higher in the early morning than during the day for both the
males and females. A positive correlation was found between the fork length and intensity of B. crenatus. Differences in the
prevalence incidence during the two periods of the day might relate to the differences in sea entry sites or in the time spent at

sea. The effectiveness of B. crenatus as biological tags of juvenile salmons is discussed.
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T AIIRE, Sl MMB L OWER R &S LIS H Y, AW TH D WHMO S ZO—FT
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1984) o FFAEHUIIREMEL RIZ L) &anfird RRE S T AGEOHEILE (BA) 26883 2R
HhHZ DB LN, —FH T, AEORERERRATEE T 5 HEHOTFERN TR £L T, INHNBE)
MBIODIBBELE R LHFERDB VLI ENHLNTVWD  BORFER % & D4R QX T OHEE 2 il Ah 7z,
(Margolis, 1965; 1982; MacKenzie, 1983; iitifll, 1989),

7 I ADEEFMA R 2 EE LTHHATE

HOCH3A567 (20194 1 H10H 52 HE)
*Tel: 0123-32-2135. Fax: 0123-34-7233. E-mail: asami-hiroki@hro.or jp
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AR EHE A TR S N IEMEES & 2 R FIZFE Sk iE S hz3

IO FHIE A SHEL ST B FEREERICTER L 724

7 5 < ARG FIZ19944E6 10 H |26 i A7 7 T X AL E NN BRI AE > THERS % K
DZY LIRFICHE L EBEEI T TR L7 SN, EBELRICES NS, RIFZECIIE BT %
(Fig.1: %8, 1995), EiEfgiE, HF300 mp»SaAlc JEZEAE L, StHEH 13 km, St21320 km$B L O

Nikanbetsu
River

Hokkaido

Pacific Ocean

Fig.1 Study area off the Pacific coast of Hokkaido near Cape Erimo.

Table 1 Numbers and fork lengths of juvenile masu salmon collected in the coastal waters near
Cape Erimo off the Pacific coast of Hokkaido.

Sampling time St.1 St.2 St.3
5:00 No. of samples 40 0 1
Average fork length (cm) 21.3 - 30
S. D. (cm) 2.4 - -
Min—Max (cm) 17.4-26.5 - -
13:00 No. of samples 81 4 1
Average fork length (cm) 201 27.9 27.8
S. D. (cm) 2.7 1.9 -
Min—Max (cm) 16.1-27.1 25.5-30.2 -
20 - ]
— O Early morning (N=41)
X | .
< 15 - B Day time (N=86)
>
E
0o 10 -
=
¢
] -
TS 5 l
0 -
ee 2285y K&y RRR S
VIV VI VI VI Ve VI Ve Ve Ve VI vIE oy v Ve VIE VI
[ S AR S NN N NS S SN SRS N U N S N S
e e r22 I 88 I8QgRRRR

Fork length (cm)

Fig.2 Frequency distributions of the fork lengths of juvenile masu salmon
collected during the early morning (5:00) and day time (13:00)
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Table 2 Sex, fork length and release sites of ribbon-tagged juvenile masu salmons

collected in the coastal waters near Cape Erimo off the Pacific coast of

Hokkaido.
Sex Fork length (cm) Release sites
A 16.8 Kinaoshi
2 16.6 Kinaoshi
2 17.9 Kinaoshi
2 19.3 Kinaoshi
? 19.2 Mori
St3132.5 km|Z A7 {E§ 2 EHEHEO FHEEBTH 5. HIE

FE (k) LB (13K) D2 To7z, s nzs
NTOHEIIR ETELISR V<) Y TRRELL, £L
TERZIRLEY, R (BXE) OME & MHEDH
MaATo72%, AWML, HEICHAL WA
A FRBAMBE T TR L 220 L7z, i L7222
AT TR B X AR WBEREE T O[22 1T 5 72,
Z LT, ZHEEOFAIRI 2 M5 729, Margolis et
al. (1982) |ZfEvy, ZA:= (prevalence, %) % W& A
B RAEMAE < 100TCH B Lz, F72, #EEmo
FEEBOFIE % KD THEIHE A (mean intensity) &

LTEE L7z, B, KR TITo 727 7~ ARiEY)
MORETHEITEE (1995) IZFEL (RO TW 5,

& R

FHAOKY 1 XL UESA Rifishiyr I~
GEAEMIRE R & D IR D ABSEREINICE <, BRI
St1T40fE {4, St3TUHAD EFH41MEE, B HRIZIESt1T
SUE R, St2 T4l &R, St3TUHKD A FI6MH K72 - 72
(Table 1), ##hm TOFHRBLEITFRPIIESLIT213
cm (BEH#EEZE24 cm, /M 74 ecm~1% K265 cm), St3T
300 em&, XD WEITRE D o72, BMIZIESL1T201
cm (PEH#E(REF2.7 cm, fx/N6.1 em~1% K271 cm), St2T

0.5 mm -

Fig.3 Hemiurid trematode Brachyphallus crenatus found in
the stomachs of juvenile masu salmon. Samples were
preserved with formalin.

279 cm (PE#EFEZE19 cm, /1255 em~# K302 cm),
St37C27.8 cm& FLEFEIEL, PRAICHRAE S oML LD
KED o7z, Pl SN ROFREHFPNIMIEG TR Z
BB HDOTIE LD -72h, FEI IR EI320~22
emlZH Y, EERD3A%E b7z, —JF BRI X R
H17~19 emlZH V), EhkD28% % L& 720 20 ecmPLF
DR D EI AT R D29% 2% L, BFI21352% & /NE
DA% < (Fig.2), Lhfh oo R EE 55 A B i IR %)
THEMICEEICE L s TWwW: (ZVEITT 7 - A3
J THE, p < 001),

BRI SLUCHRI S LAz CRELIEER, 4R 12
WZVRY Yy FEEERLREO LN, INHORLEL
166~193 cmTd - 72 (Table 2), TN HIFTTHER

Table 3 Prevalence and mean intensity of the hemiurid trematode Brachyphallus crenatus

found in the stomachs of the juvenile masu salmon collected on June 10, 1994.

Sex No. of Hemiurid Prevalence (%) Intensity
individuals infected( inds.) (range)

I+ 2 127 122 96.1 10.5%9.0
(0-41)

A 29 28 96.6 12.7+8.8
(0-33)

9 98 94 95.9 9.9+9.0

(0-41)
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Table 4 Prevalence and mean intensity of the hemiurid trematode Brachyphallus crenatus at
two different sampling times on June 10, 1994.

Time Sex No. of Hemiurid Prevalence (%) Intensity (inds.)
individuals infected( inds.) (range)
5:00 2 6 100 19.7%8.6
(7-33)
2 35 34 97.1 12.61+9.7
(0-41)
13:00 A 23 22 95.7 10.9%8.00
(0-26)
2 63 60 95.2 8.418.3
(0-40)

KFENZH 2P EAARE (BT ARER) & FRET
M ORGE SN ThH -7 (Fig. 1),

ZHBEOFERR DHEOBEIIIMEL L HIZ A
(W Hi#@) »—FETd 5 Brachyphalus crenatus?)S IS S L
72 (Fig.3)o AWIFETHOLNTEERDOV O HEF
HHAEICHEFTL I N TWAS (Shimazu, 2018) . B. crenatus|d
AT 12T DN, 122 OB FHFA L, FERIL
96% |23 L7z (Table 3), F 7z, P24 203 10,58k (5
INOER ~ e RALVIEAR) T o7z MERERITlE, ZaE=
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Fig.4 Relationship between the intensity of Brachyphallus crenatus and fork length of juvenile masu salmon collected

during the early morning and day time. Five closed rectangles show the ribbon-tagged juveniles.
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The release period of zoospores of three species of Laminariales Agarum clathratum, Costaria costata and Alaria

praelonga off the coast of eastern Hokkaido by real-time PCR (Note)

YosHaryuki TAKAYA*' and HiIroo GODA?

' Central Fisheries Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555,
? Kushiro Fisheries Institute, Hokkaido Research Organization, Kushiro, Hokkaido 085-0027, Japan
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2017/10/16 Om, 3m 50
2015/8/6 Om, 3m 200
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R - 2016/2/1 Om, 3m 200
R ETRE A 2016/6/4 Om, 3m 200
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FFHARTS5A4<—
Forward primer (agarum-ITS2-1F) 5'-TTCCGGAGTTCCCATGCT-3'
Reverse primer (agarum-ITS2-1R)  5'-ACGGTTTCCAAAAGGTCTCG-3'

AUARTSA4<—
Forward primer (costa-ITS2-F)  5'-CTCCGAGTGCACCTAATCTCG-3'
Reverse primer (costa-ITS2-R) 5'-GAAAGTGGTACGGTTTCCATCA-3'

TARTHART54<—
Forward primer (ala-a2F)  5'-CGTTTGATACGGCGGTCTTGTA-3'
Reverse Primer (ala-a2R)  5'-GCGCTTTGATTCGAGGGTTTA-3'
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Acoustic surveys of walleye pollock by Hokkaido Research Organization using the quantitative echo sounder

(Review)
Osamu SHIDA®
Fisheries Research Department, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555, Japan

Walleye pollock is one of the most important resources of commercial fisheries in Hokkaido. Annual landings of this
species are controlled by the Total Allowable Catch system in Japan. Because the annual landings have decreased since the
late 1980°s, more intensive studies for stock assessment, forecast of fishing conditions and developing a proposal for
sustainable resource management are required for the stake-holders. In this review, I describe the history and results of
acoustic surveys using a quantitative echo sounder for walleye pollock conducted by Hokkaido Research Organization to

respond to such needs.
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Distributional changes in the spawning population of walleye pollock Gadus chalcogrammus in the northern Japan

Sea off Hokkaido, Japan

Tapasui MISAKA*, Nosoru HOSHINO', Masamicui WATANOBE?, Takavyukt HONMA?®, Osamu SHIDA®,
Yukio MIHARA®, Kazuniro ITAYA® and HiRovya MIYAKE!
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* Kushiro Fisheries Institute, Hokkaido Research Organization, Kushiro, Hokkaido 085-0027,

* Fisheries Research Department, Hokkaido Research Organization, Yoichi, Hokkaido 046-85535,

* Mariculture Fisheries Institute, Hokkaido Research Organization, Muroran, Hokkaido 051-0013,
% Central Fisheries Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555, Japan

Analysis of annual catches in coastal fisheries and results of acoustic surveys revealed that the distribution of the walleye

pollock Gadus chalcogrammus spawning population in the northern Japan Sea off Hokkaido shifted southward after the early

1990s and then returned northward after the late 2000s. We presumed that the distributional changes in the spawning

population after 1980s have been affected by temperature changes from winter cooling, inferred from the Asian winter

monsoon indices, and by temperature increases in the Japan Sea Proper Water, in addition to the increase or decrease in

population abundance. The distributional changes, varying the distance between the spawning grounds and the nursery area,

seemed to exchange the major factors affecting recruitment fluctuation, as proposed in the previous studies.
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Fig.1 Map showing the survey area in October 2017. Solid
diamonds indicate the ocean observation stations.
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Table 1 Annual catch of coastal fisheries in the northern Japan Sea off Hokkaido, Japan
Fisheries CatchesNin (t:;)astal ﬁssheriis (tons)
. o or oul . .

year Soya Rumoi Ishikari Shiribeshi  Shiribeshi Hiyama Oshima Total

1975 1,344 302 0 9,121 10,292 2,127 0 23,186
1976 646 295 0 11,094 10,229 2,194 0 24,458
1977 6,337 340 0 18,090 18,844 6,764 28 50,402
1978 7,732 174 0 20,545 15,494 12,031 26 56,001
1979 2,944 372 0 20,710 18,277 14,602 23 56,928
1980 1,908 467 0 18,187 19,202 12,035 15 51,813
1981 1,629 103 0 19,178 18,543 16,444 28 55,925
1982 1,540 158 0 15,576 18,904 12,820 125 49,123
1983 1,215 132 0 14,147 17,778 9,961 102 43,335
1984 888 200 0 16,004 16,511 7,908 720 42,232
1985 632 196 1 15,641 16,355 8,615 362 41,802
1986 550 88 4 13,688 11,817 6,534 543 33,224
1987 521 144 1 6,946 7,641 9,765 301 25,318
1988 307 224 0 8,349 10,073 13,730 386 33,069
1989 1,346 143 0 5,304 8,020 13,838 187 28,838
1990 919 232 0 6,163 5,919 16,820 280 30,333
1991 1,643 206 0 6,266 4,179 17,179 630 30,103
1992 382 648 0 3,616 2,385 15,482 471 22,984
1993 231 288 0 3,329 1,338 17,770 146 23,102
1994 401 212 1 4,490 1,106 13,686 130 20,027
1995 888 89 1 3,102 863 14,910 65 19,917
1996 229 183 0 5,086 1,207 11,578 199 18,482
1997 858 195 0 4,418 1,537 16,754 344 24,107
1998 747 35 0 3,372 1,282 10,808 283 16,527
1999 335 101 0 2,333 1,593 11,374 317 16,053
2000 173 28 0 1,613 975 9,934 481 13,204
2001 230 65 0 901 1,864 13,707 1,190 17,957
2002 446 105 0 1,239 2,523 11,587 1,676 17,576
2003 378 85 0 2,056 2,327 9,838 1,374 16,058
2004 109 42 0 1,349 1,519 8,129 400 11,549
2005 70 68 0 612 1,392 7,310 38 9,490
2006 50 169 0 356 1,434 5,267 1 7,278
2007 160 87 0 501 2,686 4,928 2 8,364
2008 295 174 0 832 2,557 3,306 3 7,167
2009 269 436 0 704 1,432 3,230 5 6,075
2010 353 763 0 617 1,963 3,189 8 6,394
2011 223 186 0 1,137 1,246 1,058 2 3,853
2012 176 167 0 765 1,013 3,018 11 5,150
2013 93 149 0 1,235 1,363 1,114 3 3,957
2014 131 134 0 132 1,239 720 18 2,374
2015 99 71 0 770 868 611 1 2,420
2016 128 61 0 880 1,106 400 4 2,579
2017 213 97 0 566 1,122 186 4 2,187

AeiiE B AW B A3 B o db it e % kG
T 570, 1989~20174F & |25 ft & AL 7= 4F61R1 O 52 B i
FERLN T — 7 2 T, W4 - R (2002) 4 FEIC K
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L7728, 15 (14220 R 45r) ORBEIFEE ROz (K
WO Fi & LRI O I THERD) o
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IZ2oWT, ABIT (https://www.datajma.gojp /kaiyou /
db/obs /knowledge /stmw/moihtml, 20184FE11H 19H [
52) »H1971~2018EDHMET — ¥ 2 AF L, EIEET
i B X OB T — % & OB EBE L7z, MOLZ A
Vo= 7 EMBOLREE (EMOLIY-14E12 7> by
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Fig.2 Annual catches of coastal fisheries in the northern
Japan Sea off Hokkaido. (A) Catches in the Soya to
Shiribeshi regions and those in the Hiyama and
Oshima regions. (B) Proportion of catches in the
Hiyama and Oshima regions to the total catches.
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Fig.3 Abundance of adult walleye pollock per 5’ of latitude in autumn from 1998 to 2017, estimated by acoustic survey. Dashed

lines indicate the boundaries between the Shiribeshi and Hiyama regions. Small arrows indicate the locations of acoustic

survey lines.
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Fig.4 Abundance of adult walleye pollock estimated by
acoustic survey. (A) Abundances in the Soya to
Shiribeshi regions and those in the Hiyama and
Oshima regions. (B) Proportion of abundance in the
Hiyama and Oshima regions to total abundance.
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Annual changes in mean water temperature from mid-

September to early December at each depth at stations
J15, 126, J35, J41, and J51. Dashed lines indicate

mean temperature at each depth.
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Fig.6 Annual changes in mean salinity from mid-September
to early December at each depth at stations J15, J26,
J35,J41, and J51.
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Fig.7 Vertical profiles of salinity at stations J26 and J51.
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moving average.
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Fig.10 Time series of (A) SSB (spawning stock biomass), (B)
recruit (abundance at age-2), and (C) RPS (recruit
per SSB) .
spawned during years when the proportion of catches

Closed squares show the year-class

in the Hiyama and Oshima regions to the total
catches was high (>0.6).
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Fig.11 Relationship between SSB (spawning stock biomass)

and recruit (abundance at age-2). Closed squares
show the year-class spawned during years when the
proportion of catches in the Hiyama and Oshima
regions to the total catches was high (>0.6). Two-
digit number plots indicate the year-class.
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Annual change of walleye pollock Gadus chalcogrammus distribution during the pre-spawning season off Hiyama,
Hokkaido

Masamicat WATANOBE*', Takayukit HONMA? and Takasat MUTO'

' Hakodate Fisheries Institute, Hokkaido Research Organization, Hakodate, Hokkaido 040-0051,
? Kushiro Fisheries Institute, Hokkaido Research Organization, Kushiro, Hokkaido 085-0027, Japan

Annual changes in abundance and distribution of walleye pollock Gadus chalcogrammus off Hiyama, Hokkaido was
examined by acoustic surveys and hydrographic observations in December (pre-spawning season) between 2002 and 2016. In
2002, an estimated 30,000 tons of walleye pollock was extensively distributed in the coastal area of Hiyama.The abundance

and distribution area reduced each year, and only about 4,000 tons of pollock were distributed off the coast of Ainuma in

2016. In addition, in recent years the time to leave to the spawning-layer is delayed due to delay in sexual maturation.
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b E R PRI ALE S SIS CIX AT by ST
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20184E12H27H) & & 12, A7 bw & TR
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tion/zoushoku/tpc05300000002md.html, 2018412 H27H )
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TOWETHDL, 72, EIRPICBTILAT b5 I0
G5 1) 82 R0 FESR B DL R, B BRI DOV CIEHTH &
(1988) 7, MM DAERBIAZE | & 2 {SEGR BE R 1K,
BREAEHBELOZALIZ DOV TIZE R (1998) 2% L Tw»
B3, ARSI IS EEINSG LIRS TB ), w
FTNOFIEMOMARRIZE EF o7 iETH 5,

Z ZTABIZETIE, R OB TV 520024
A H20165E 22T T, BRI O12ZAIZA T N 75 i
DR S A REA M5 b E E COLHBIZ B W
TEHEGFEMA L RN ZERL, A7 by ¥ I oK
P, SREAR R QA BRI &0 &) 1281
LWzl TsZ 2 HWE L7,

ABRUAE

SEERAECBIRERE STEREHFLIE Figl
Vo L7z kgl o a2 5 b Bz 27 C, 2002

~20164FE F TOI4ER (2009413 TER D 7= F AT ),
b 38 N B K RE R B A BGR AR A L (151 h >)
& A A K B B AR AL (237 8 )
ZHVCHER L7 (Table 1), HERFFAOT AL,
FUF &) PO IERISTER SN D REA M~ L B &
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Table 1 Summary table of the acoustic surveys

Year Date Transect lines Researh vessel
2002 December 9-10 A-H Kinsei Maru
2003 December 1-3 A-J Kinsei Maru
2004 December 14-15 A-H Hokuyo Maru
2005 December 6-7 A-J Kinsei Maru
2006 December 6-11 A-J Kinsei Maru
2007 December 7-8 A-J Kinsei Maru
2008 December 3-4 A-J Kinsei Maru
2010 December 6-7 A-J Kinsei Maru
2011 December 7-14 A-J Kinsei Maru
2012 December 12-15 A-J Kinsei Maru
2013 December 9-17 A-J Kinsei Maru
2014 December 9-15 A-J Kinsei Maru
2015 December 11-14 A-J Kinsei Maru
2016 December 12-13 A-J Kinsei Maru

® CTD station (5t.5)

42°30'N o = Acoustictransect lines

0 i
05 10km i
41°30'N —@—I—- " 100

139°20'E

140°30'E

Fig.1 Survey area: transect lines for the acoustic surveys, the CTD station(St.5) and bottom contour lines.
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Fig.2 Typical echograms of walleye pollock observed along
line D in (a) 2005 surveys and (b) 2015 surveys.
Black arrows indicate walleye pollock.
White arrows indicate the sea bottom.
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Fig.3 Acoustically estimated abundance of walleye pollock
in December between 2002 and 2016.
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Fig.4 Horizontal distribution of walleye pollock observed in December between 2002 and 2016.
Size of circles are proportional to pollock density (NASC) calculated in 1mile intervals.



ML B B IR O A 7 ™ 7 55 554

Table 2 Summary of surveys at line D and St.5 in December

Vea pollock distribution depth (m) Temperature (°C) at the depth
Upper center Lower Range Upper center Lower Range
2002 105 205 485 380 10.26 5.56 0.65 9.61
2003 125 195 485 360 422 2.10 0.52 3.70
2004 135 265 435 300 434 1.28 0.56 3.78
2005 145 195 435 290 9.69 4.71 0.74 8.95
2006 125 185 425 300 5.46 249 0.59 4387
2007 115 175 435 320 478 2.19 0.68 410
2008 145 255 485 340 10.86 441 0.60 10.26
2010 205 235 385 180 3.93 2.88 1.13 2.80
2011 225 265 445 220 2.90 1.78 0.81 2.09
2012 295 355 425 130 217 1.37 0.97 1.20
2013 215 325 505 290 246 1.21 <0.70 -
2014 285 365 525 240 1.50 1.03 <0.75 -
2015 215 355 565 350 7.55 1.48 <0.98 -
2016 315 385 585 270 0.89 0.78 <0.57 -
_Max 315 385 585 380 1086 556 113 1026
_Min 05 175 385 130 | 089 078 - -
Mean 189 269 473 284 5.07 2.38 - -
NASC
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Fig.5 Vertical distribution of walleye pollock observed during each acoustic survey at line D.
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