= CODEN : HSSKAJ
1 ok ..ﬁc LT ISSN : 2185-3290
Sci. Rep.

Hokkaido Fish. Res. Inst.

UEEKEANRBMARS

| 93 &

SCIENTIFIC REPORTS
OF
HOKKAIDO FISHERIES RESEARCH INSTITUTES
No.93

tBEILIRAEMABBKEMAX IR
B 8 & ™ H
2018% 3 A

Hokkaido Research Organization
Fisheries Research Department

Yoichi, Hokkaido, Japan

March, 2018



BB R A MARIBKEMERBOKEARBRIZIIROEEZE > TEBRINATEY, LiEEKERRS
MABEE, ChOSOBRBICETHMARBZERLZENTT.

In addition, the Fisheries Research Department of the Hokkaido Research Organization will now comprise the
following seven local Fisheries Research Institutes. The study achievements of these institutes will be published in
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Biological Oceanographic Study on Method for Predicting the Occurrence of Paralytic Shellfish Toxin along the
Okhotsk Sea Coast off Hokkaido

Hirosnr SHIMADA
Central Fisheries Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555, Japan

The scallop fishery along the Okhotsk Sea coast of Hokkaido is known as “sowing culture”, harvesting after three years of scallop
seed sowing on the fisheries grounds, and is one of the largest bivalve fisheries (catch slightly less than 300 thousand tons per year)
in the world. However, the scallop fishery has experienced economic damage due to incidental occurrence of paralytic shellfish toxin
accumulation by shellfish (PST) caused by the toxic dinoflagellate Alexandrium tamarense in summer once every several years. An
intensive PST occurrence recorded in summer 2002 stopped the scallop fishing for more than one month, leading to a steep fall in
the scallop market value and serious economic losses. To minimize economic damage due to PST occurrence caused by A.
tamarense, the transportation mechanism of water mass contaminated 4. tamarense from the oceanic area to the scallop fishing
ground along the coastal area was revealed and a method for predicting the occurrence of PST was established in the present study.

Seasonal changes in occurrences of vegetative cells of 4. famarense and PST toxicity were researched along the coast of
Hokkaido during 2005 — 2006. Vegetative cells occurred in the Okhotsk Sea and the Pacific coast (cold current area affected
by the East Sakhalin Current and the Oyashio) but not detected in the Sea of Japan and the Tsugaru Strait (warm current area
affected by the Tsushima Warm Current and the Tsugaru Warm Current). Occurrences of PST over the quarantine level (4
MU g scallop whole meat) were recorded in Funka Bay during blooms of A. tamarense ( > 10? cells L) were observed.

Horizontal distribution of resting cysts of toxic Alexandrium spp. was investigated around Hokkaido during 1999 — 2000.
Resting cysts of A. tamarense were widely distributed in the Okhotsk Sea and the Pacific Ocean. Regarding the relationship
between past PST occurrences and cyst abundance in the sediment of each area, positive correlations were found between the
frequencies of PST occurrence years and the cyst abundances and between the annual maximum PST toxicities and the cyst
abundances. Therefore the cyst abundance implies important information about the past PST occurrences (frequency and
magnitude) of each area. The occurrences of vegetative cells of 4. tamarense during 2005 — 2006 (above mentioned) were
considered to reflect the cyst abundance of each area. However the occurrences of vegetative cells and cyst abundance in the
Okhotsk Sea off Hokkaido, showed that despite the low occurrences of vegetative cells in the coastal area, large cyst
abundances were found on the continental shelf from Hokkaido to Sakhalin. Thus the oceanic area of the Okhotsk Sea off
Hokkaido was considered to have a high potential for initiation of 4. tamarense blooms.

Spatial distribution of vegetative cells of A. tamarense was examined in the Okhotsk Sea off Hokkaido in summer during
2002 —2007. The vegetative cells frequently occurred in the surface low salinity water (LSW, salinity < 32.5) in the oceanic area
and rarely appeared in the Soya Warm Current water (SWC, salinity > 33.6) along the coastal area and the dichothermal water
(DTW, temperature < 2 °C) below 30 m deep in the oceanic area. Nutrient concentrations were respectively higher in the DTW
than the LSW and the SWC. Despite the low nutrient concentrations of the LSW, A. famarense can be considered to utilize

nutrients originating from the DTW just below the LSW due to the effects of diel vertical migration. A continuous diatom bloom
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was observed along the front area between the LSW and the SWC where a belt — shaped upwelling area occurred with higher
nutrient concentrations. Bloom of 4. tamarense tended to be found in the LSW just outside the front area, because of
interspecific competition with the diatom bloom. Lower DIP concentration of the SWC is supposed to restrict formation of a A.
tamarense bloom in addition to the absence of the DTW with higher DIP concentration below the SWC. Therefore environmental
conditions of the SWC were concluded to be severe for bloom formation of A. tamarense. Regarding the interannual relationship
between the abundance of A. tamarense in summer and the relative frequency of each water mass in spring and summer, the
abundance tended to be higher in years when higher frequencies were recorded of the SWC in spring and of the LSW in
summer. The results suggest that warming by the SWC in spring prompts germination of 4. tamarense cysts in the sediment and
domination of the LSW in summer gives optimum medium for bloom formation of A. tamarense.

Toxin profiles of 103 culture strains of 4. tamarense isolated from sediment or seawater samples collected from the coast of
Hokkaido and Aniva Bay (southern Sakhalin) were analyzed using HPLC during 2005 —2009. As a result of cluster analysis of
the toxin profiles of culture strains, 101 culture strains were classified in the same cluster, producing C — toxin — 2, gonyautoxin
— 4, gonyautoxin — 3 and neosaxitoxin as dominant toxin components excluding two culture strains. The toxin profiles of the
101 culture strains were almost the same as past reports on toxin profiles of A. tamarense from Japan and Sakhalin. Cellular
toxin contents of culture strains varied from 1 to 1128 fmol cell'!, and were inversely proportional to cell densities. As a result of
the estimations if a bloom of A. tamarense (cellular toxin content: 10° fmol cell!, cell density: 10?> cells L") was fed on by
scallops (filtration rate: 10? L day!, accumulation ratio of toxin: 35 %), toxification rate of scallop is calculated as 0.4 MU g!
digestive diverticula day'. Result of the estimation suggests that scallop become toxic over the self —imposed quarantine level (20
MU g digestive diverticula) after 50 days from the initial occurrence of a A. tamarense bloom, scientifically proving the
empirical data, “Bloom of A. tamarense exceeding ca. 10? cells L' causes shellfish toxification over the quarantine level”.

To clarify the transportation mechanism of 4. tamarense in the Okhotk Sea coast off Hokkaido, area — wide sampling in the
oceanic area, time — series monitoring in the coastal area and current velocity measurements of the SWC using ADCP were
conducted in 2004, 2007 and 2008. These surveys were organized based on the hypothetical scenario, “PST occurrence is
caused by the inflow of LSW contaminated with A. tamarense to the scallop fishing ground at the temporal weakening of
SWC indexed by the decrease of the sea — level difference (SLD) between Wakkanai and Abashiri”. It was revealed that A.
tamarense blooms appeared in the coastal fishing ground simultaneously with the weakening of SWC indexed by the SLD.
Retrospective analysis on time — series relationship between the weakening of SWC and the PST toxicity in PST occurrence
years also elucidated that the toxicity increased just after the weakening of SWC. Therefore the hypothetical scenario was
verified, and a method for predicting the occurrence of PST was constructed as follows;

(1) Sampling in the oceanic area in June (before PST occurrence) and July (during annual peak of PST occurrence) to

monitor horizontal distribution of A. tamarense.

(2) Monitoring of the weakening of SWC indexed by the SLD using internet.

(3) If A. tamarense bloom (> 10? cells L") has been found in the oceanic area, and the weakening of SWC is observed,

warning of potential PST occurrence within a few weeks should be provided.

Semi —realtime data of the prediction method is available to the public for controlling shipping plan of scallop since 2009.
The prediction method gives high cost effectiveness since the essential part of prediction can be simply constructed with the
twice a year sampling in the oceanic area and the monitoring of SLD.

The present study provides important information about feeding environment of main fishery resources, not only scallop
but also fish such as salmon, since the high contrast structure and dynamics of water masses has been revealed by biological
oceanographic studies in the Okhotsk Sea off Hokkaido, focusing on 4. tamarense as a biological tracer. Recently, it had been
reported that warm — water, non — armored flagellates causing harmful red tides have been detected for the first time in the
coast of the Sea of Japan and the Tsugaru Strait of Hokkaido. Once a harmful red tide appears in the scallop fishing ground,
serious damage may occur to the scallop fishery. Therefore monitoring of non — armored red tide flagellates is necessary to
start in addition to armored harmful dinoflagellates such as A. tamarense in northern Japan, since the northward expansion of

warm — water harmful flagellates is increasingly possible due to ocean warming in the future.
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Fig.1 Global distribution of PST accumulation by shellfish reported in 1970 and 2015 (modified from http://www.whoi.edu/
cms/images/PSP_worldmap 1970 2015 422437 jpg, last visited Aug. 24/ 2016).
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Fig.2 Occurrence areas of PST accumulation by shellfish in Japan during 1978 — 1982 (left) and 1993 — 1997 (right), with the
information about shellfish species of PST contamination over the quarantine level (4 MU g meat) (modified from Imai

and Itakura 2007).
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Fig.3 Diagram showing the annual variation of PST accumulation by scallop around Hokkaido during 1980 —2002 (modified
from Shimada and Miyazono 2005, data source: Hokkaido Prefecture). Sizes of circles indicate annual maximum PST
toxicity (MU g digestive diverticula or whole meat of scallops).
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around Hokkaido (modified from Isoda and Kishi
2003).

500

B A R = 7GR BT 2R REO SR 7

T I AT O R IZHE B & o LT3R A
[HE &) L) RTINS (T 1994a), A3l
BT 19854 (240 8> T Hifi F B 2 8 2 5 PSTAH R
HEITLR, B X Z4EIC1E OB TR H #7558
AL, BEEKE D725 LTE 7 (FHEE 1994b, Shimada
and Miyazono 2005, Shimada et al. 2012), $F(220024F &
FIIMEINFE CERIL L (REEMEE : 454 MU g il
B, WEORBEMIC—r AL EIZh 70 A s O
TINF AR Y THA OB PEEIZA Py TLTRER
fRiFEIEE % L 725 L7z (Shimada et al. 2012, IEH (3 2>
2016, Fig. 6),

KUHE O K5 7774 ffifem B L NSO FLE) =
HD L, 20024 D S LD BRI ER O IR LT
EHIHL L TWEZEhD (Fig. 7), HAOREDL
SZREEIEL L L2 Eghs (IBHIEZA 2016),
COL) LR RNRICHZ L7012, RilEgIZ BT
% A. tamarense!P BLF 5 70 o B I PE H 3 0 3£ 7l
FREOMBNEHE L -7 (BHIZD 2016), RiEHHO
FRBEVE B3R, SRR T L /24, tamarense?)s, 18
AL R 2R & T 2 SR AR THE DI IGRE DR
ST AABBIZIEINS O LIS N T
(Nishihama et al. 1993, FG{T 1994b), ZD X 5 = X L 1%
AHTH - 72,

BEJGEE A R — v 72T, IR0 R
IR E 3 5534 kmAK (SWC), MEFRBIZIEF F—
7 WRBEIE S K (LSW) BNENEnghid 5 (FH
1975) 0 & 725 A IR U1 O Uit VS AE A A R D KA 7 & IR

[=1]
o

| © PST toxicity in whole meat
400 -

PST toxicity in digestive diverticula *

s
o

300

200

N
[=]

RS OB R Blpe -
w
S

PST toxicity (MU g™ digestive diverticula)

PST toxicity (MU g™ whole meat)

=2
(W)

~ @ % 0 = o
e & & = = =
S 9 o oo o
ISR S

2001
2002
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Fig.8 Schematic path of the Soya Warm Current (SWC,
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grounds and the low salinity water (LSW, salinity =
32.5) contained Alexandrium tamarense in summer
(modified from Shimada et al. 2012). The present
study examined the appropriateness of the hypothetical
scenario, “PST occurrence is caused by the inflow
of LSW to the scallop fishing ground at the temporal
weakening of SWC”.
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(modified from Shimada et al. 2012).
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Fig.10 Seasonal changes in vertical profiles of water
temperature (upper) and salinity (lower) at Doto area
of the North Pacific (Stn. P15) during 2008 — 2011
(modified from Shimada et al. 2012).
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Fig.11 Seasonal changes in vertical profiles of water
temperature (upper) and salinity (lower) at Donan
area of the North Pacific (Stn. P52) during 2008 —
2011 (modified from Shimada et al. 2012).
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Fig.12 Seasonal changes in vertical profiles of water
temperature (upper) and salinity (lower) at the
northern Japan Sea (Stn. J33) during 2008 — 2011
(modified from Shimada et al. 2012).
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temperature (upper) and salinity (lower) at the
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(modified from Shimada et al. 2012).
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Fig.14 Map showing location of the 21 stations ( closed

circles) and 19 sea areas (divided by broken lines)
for monitoring of Alexandrium tamarense around
Hokkaido during 2005 — 2006 ( modified from
Shimada et al. 2007).
Abbreviations; ESS: Esashi, STU: Suttsu, ISK: Ishikari,
OBR: Obira, SRF: Sarufutsu, TNB: Tonbetsu, MNB:
Monbetsu, TKR: Tokoro, SRM: Lake Saroma, NTR: Lake
Notoro, ABS: Abashiri, SBT: Shibetsu, AKS: Akkeshi,
HRO: Hiroo, SMN: Samani, TMK: Tomakomai, ABT:
Abuta, YKM: Yakumo, MOR: Mori, SKB: Shikabe, SRU:
Shiriuchi
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Fig.15 Isoplets showing seasonal change of sea surface
temperawture (SST) at the 21 monitoring stations
around Hokkaido during 2005 — 2006 (modified from
Shimada et al. 2007). For location of each monitoring
station, see Fig. 14.
Abbreviations; ESS: Esashi, STU: Suttsu, ISK: Ishikari,
OBR: Obira, SRF: Sarufutsu, TNB: Tonbetsu, MNB:
Monbetsu, TKR: Tokoro, SRM: Lake Saroma, NTR: Lake
Notoro, ABS: Abashiri, SBT: Shibetsu, AKS: Akkeshi,
HRO: Hiroo, SMN: Samani, TMK: Tomakomai, ABT:
Abuta, YKM: Yakumo, MOR: Mori, SKB: Shikabe, SRU:
Shiriuchi
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Fig.16 Isoplets showing seasonal change of sea surface
salinity (SSS) at the 21 monitoring stations around
Hokkaido during 2005 — 2006 ( modified from
Shimada et al 2007). For location of each monitoring
station, see Fig. 14.
Abbreviations; ESS: Esashi, STU: Suttsu, ISK: Ishikari,
OBR: Obira, SRF: Sarufutsu, TNB: Tonbetsu, MNB:
Monbetsu, TKR: Tokoro, SRM: Lake Saroma, NTR: Lake
Notoro, ABS: Abashiri, SBT: Shibetsu, AKS: Akkeshi,
HRO: Hiroo, SMN: Samani, TMK: Tomakomai, ABT:
Abuta, YKM: Yakumo, MOR: Mori, SKB: Shikabe, SRU:
Shiriuchi
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Fig.17 Diagrams showing occurrences of Alexandrium tamarense (closed circles with shade) and shipment restrictions
(rectangular frames) due to detecting PST from scallop (excluding the PST detection from oyster in April 2005)
exceeding the quarantine level (4 MU g’ meat) at the 21 monitoring stations around Hokkaido during 2005 — 2006
(modified from Shimada et al. 2007).

For location of sea areas of circled numbers ((D(2)(3)...) and each station, see Fig. 14.

Abbreviations of monitoring stations; ESS: Esashi, STU: Suttsu, ISK: Ishikari, OBR: Obira, SRF: Sarufutsu, TNB: Tonbetsu, MNB:
Monbetsu, TKR: Tokoro, SRM: Lake Saroma, NTR: Lake Notoro, ABS: Abashiri, SBT: Shibetsu, AKS: Akkeshi, HRO: Hiroo, SMN:
Samani, TMK: Tomakomai, ABT: Abuta, YKM: Yakumo, MOR: Mori, SKB: Shikabe, SRU: Shiriuchi

Abbreviations of sampling seasons; EJ LJ EF LF...: early January late January early February late February...
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(modified from Shimada and Miyazono 2005).

For location of each area, see Fig. 18.

Abbreviations; FB: Funka Bay, SP: Donan area of north
Pacific, EP: Doto area of north Pacific, NS: Nemuro Strait,
OS: Sea of Okhotsk, JP&TS: Sea of Japan and Tsugaru
Strait
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Table 1 Cell density of Alexandrium tamarense in each

water mass in the Okhotsk Sea off Hokkaido during

2002 — 2007 (modified from Shimada et al. 2010).

Abbreviations of water masses are following:

SWC: Soya Warm Current (salinity = 33.6)

LSW: Surface low — salinity water (salinity = 32.5)

MW: Mixed water (water temperature >2 C , salinity

>32.5 and <33.6)
DTW: Dichothermal water (water temperature =2C )

Water mass Number of Cell density of
samples A. tamarense
(cells L', mean + SD)
SWC 312 74 £ 277
LSW 182 1140 + 342.1
MW 262 40.8 + 127.5
DTW 183 37 £ 292

BB X VA, tamarense AL D IKF5545 % v d o PO, —
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Table 2 Nutrient concentrations in each water mass
observed in the Okhotsk Sea off Hokkaido during
2004 — 2007 (modified from Shimada et al. 2010).

Water mass Number of Nutrient concentrations
samples NO;-N PO,-P
(1M, mean + SD) (UM, mean + SD)
SwWC 225 1.52 + 241 026 £ 0.22
LSW 120 021 + 0.86 0.35 = 0.15
MW 156 3.51 + 455 0.59 + 0.37
DTW 125 1579 = 4.53 1.55 = 0.29
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Fig.29 Spatial and vertical distribution of PO, — P concentration (contours) and cell density of Alexandrium tamarense (bubbles)

in July 2004-2007 (modified from Shimada et al. 2010).
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Fig.30 Horizontal distribution of sea surface chlorophyll @ concentration (contours) and maximum cell density of Alexandrium
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Fig.32 Map showing the six sampling areas in Hokkaido
and southern Sakhalin (modified from Shimada et al.
2011).
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Fig.33 Average composition of PST (meanstandard deviation)
in the culture strains of Alexandrium tamarense
obtained from the Okhotsk Sea and Aniva Bay (modified
from Shimada et al. 2011). Error bars indicate standard
deviation, “N” mean number of culture strains.
Abbreviations and specific toxicity (MU uM™) of toxin
components are as follows; STX: saxitoxin (2483),
neoSTX : neosaxitoxin (2295), dcGTX3: decarbamoyl
gonyautoxin — 3 (1872), GTX2: gonyautoxin —
2 (892), GTX3: gonyautoxin — 3 (1584), GTX1:
gonyautoxin — 1 (2468), GTX4: gonyautoxin — 4
(1803), C2: C —toxin —2 (239), C1: C —toxin — 1 (15)
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Fig.34 Average composition of PST (meantstandard deviation) in the culture strains ofdlexandrium tamarense obtained from the
four sampling areas (modified from Shimada et al. 2011). Error bars indicate standard deviation, “N”” mean number of culture
strains. Results of the culture strains obtained from bottom sediment and seawater in Funka Bay are described separately.
Abbreviations and specific toxicity of toxin components are shown in Fig. 33.
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Fig.35 Result of cluster analysis of the PST
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Fig.36 Compositions of PST of the 101 culture strains in
the clusters highlighted by the rectangle in Fig. 35
on average (meantstandard deviation) and 2 culture
strains (AKS — 10 and TMS — 09) outside the clusters
(modified from Shimada et al. 2011).

Abbreviations and specific toxicity of toxin
components are shown in Fig. 33.
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Fig.37 Relationship between the cell density (cells mL™") and
the cellular toxin content (fmol cell') of the culture
strains of Alexandrium tamarense (modified from
Shimada et al. 2011). Scatter diagram is plotted using
different symbols to distinguish among the sources
of the samples. Regression equation of curve fitting
with Spearman’s rank correlation coefficient (7,) is
described on the left side of the diagram.
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Table 3 Estimated accumulation velocity of PST (MU g digestive diverticula day™) in a scallop under each cell density and
cellular toxin content of Alexandrium tamarense. Applied parameters used for calculation of the accumulation rate of

PST are following:

Filtration rate by a scallop (at 10 °C, body weight: 100 g): 10> L day™ (Kurata et al. 1991)

PSP accumulation / 4. tamarense ingestion ratio by scallop: 35 % (Kimura et al. 2009)

Weight of digestive diverticula of a scallop (body weight: 100 g): 7 g (Shimada et al. 2000)

Conversion factor of toxicity from “fmol” to “mouse unit” based on the average toxin composition and relative toxicity
of each toxin component reported by Shimada et al. (2011) and Oshima (1995): x 0.8 x 10

Cellular
toxin content

Cell density of A. tamarense (cells L)

of A. tamarense

(fmol cell™") 102 10° 10*
* 102 0.04 0.4 4

** 10° 04 4 40

*x%k 104 40 400

(MU g™ digestive diverticula day ')

* avarege cellular toxin content of 4. famarense (cf. Fig. 37)
™ high cellular toxin content of A. tamarense (cf. Fig. 37)
** calculated cellular toxin content of 4. tamarense at the cell density of 10’ cells L' using

the regression equation (cf. Fig. 37)

KIBI0C 12 BT AEFL00 gk & 7 H 4 VMK (i
FET g) OUEKES100 L day ' & RET UL, Mifade
B, KIEAEEERNC, k& FHA OFLEE (MU g'dl
B day!) #BERTAHIEATE L (Table 3), Z O
WERIE THIREFE10° fmol cell 'O & EAS10? cells LT
WU, RS T T A OBEMEIZS0H T E B 25
fiE20 MU g'HIGRZ#8 2 %5 (20+04 = 50H) | &9
RO IR OB b2 HE Lz, g7k
DOTARITALERRTEDTH D, RIS, ZofER
X, 2-2—-4TmRaENn [FHLEZEB TR EA tamarense
FNIFEEEIX10? cells L' & v ) BRI F2 I B2 IR
522550 THD, —J, wYTIHAOWEKEIIKIE
15CTIZI0C D3 —4fFIca8d 2 2 Mmoo nTns 2
E s (EHIEA1991), &% 57 54 O#HALHEE X
A. tamarenseD ML B & MIZHEE 7207 T2 {, Kl
LoTELT B EEZONDL, EWONH & LEOMR
X, REEASI0C LA L 72 & & B RIS E OB % 15
B9 2Q, valuex IV THHA SN, £ < o4W) & FERIC
THEBEIZBWTHQ, valueld— R IC2F B OER £ 5
ZEMHSENTWS (Jergensen 1990), L2>L7Z&2d55,
RETHAZREGELA YT AR HHEBEIIBW T,
Qo valueld2 —3DfEIZ & & F LD Izx L CiliAkiEIZ5 -6
BICEMT LIEPEENS T L5 (Lu and Blake
1997), IREZALIZAT$ 2 I8 A RE ) DI B A T

BIEREYTHD LV Z Do 0T, FEBITKY THA
DFALEE F BFE D B HS, Table 3OBEEMGHFIZ, K%
T A OERIKIEIZ X B IEKEOEINES T, D7k L
EB3-AEOMBCTEHT L ZLICHETNETHA ),

FHE EFIBEA RV IBAEOHEZRZ
THARGICE T AMEEREORETAE

BIET EL®IC

1-3-2THhR72EBY, RO R B, of
BB CHNE L 72A. tamarense?)S, 05 (308 B BRI & e
R D RAGBINTHEDLNDINRED RS T 77 A 3526
EEND T2 EHERI X LTV 727 (Nishihama et al. 1993,
FEiE1994b), ZD AN ALEAHO T ETH o720 8
S5ETIL, I BT A tamarenseD ZEW 5A7 & 74
BEVE OO BFRIZHE B L 72 H 3 0 3848 7l 3
DHEFEIZOWTHFHIT Lo

M &8 T I A BT B R H B O FEA AR
BT ARG OWIE % Fig. 381278 T, (a) (XRAHE
TEASHEPN D & HEE O TSI & T i TV A 54,
(b) ZEBBRFNGGE L e o 1o E % TNEIURT . 57
GBI HAUE & & R — 7oK ZETEE S, £
DY & G N L HEEOKAZE (LLTSLD & BERL S
%) LMD H L EPAMON TS (FH 1975



28 WBH 72

meW?

Alexandrium tamdrgnse

7 N
The SWC is driven by the sea-level difference (Aota, 1975)

= Pacific Ocean

Hokkaido

44°

=
Abashiri

(b) N i §’°°‘"” Okhotsk Sea

‘
LSW o |

Alexandrium tamarense’ |
/

Hokkaido

SLD decrease

T

142° 143 144° 145°E

Fig.38 Schematic path of the Soya Warm Current (salinity
= 33.6) and location of the scallop fishing grounds
and the low salinity water ( salinity = 32.5)
containing Alexandrium tamarense in summer by
the hypothetical scenario, “PST occurrence is caused
by the inflow of LSW to the scallop fishing ground
at the temporal weakening of SWC indexed by the
decrease of the sea — level difference (SLD) between
Wakkanai and Abashiri” (modified from Shimada et
al. 2012).

(a) usual condition, (b) PST occurrence
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Fig.39 Map showing the 37 oceanic sampling stations (e),
3 coastal sampling stations (m; Stn. T, N and A) and
2 stations (A ; Stn. S and H) for observation of the
Soya Warm Current using the bottom — mounted
ADCP (modified from Shimada et al. 2012).
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Temporal changes in water — temperature at Stn N (line), vertical distribution of water temperature and salinity (contours)

at Stn T, cell densities of Alexandrium tamarense (bubbles) at each station and PST toxicity of scallop along the coast
off Abashiri (two axes scatterplot) during June — July 2004 (modified from Shimada et al. 2012). Toxicity value of “ND”

means “not detected (toxicity <2 MU g')”
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Fig.42 Temporal changes in water — temperature at Stn N (line), vertical distribution of water temperature and salinity (contours)

at Stn T, cell densities of Alexandrium tamarense (bubbles) at each station and PST toxicity of scallop along the coast
off Abashiri (two axes scatterplot) during June — July 2007 (modified from Shimada et al. 2012). Toxicity value of “ND”

means “not detected (toxicity <2 MU g')”
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Fig.43 Temporal changes in water — temperature at Stn N (line), vertical distribution of water temperature and salinity (contours)

at Stn A, cell densities of Alexandrium tamarense (bubbles) at each station and PST toxicity of scallop along the coast
off Abashiri (two axes scatterplot) during June — July 2008 (modified from Shimada et al. 2012). Toxicity value of “ND”

means “not detected (toxicity <2 MU g')”

B ORI S KPIBFIZIHA L TY, A tamarenseld
NEREICHHE Lo bneEL 6N D,

5—3—4 L hOZXNRTT ¢ TEMICL 2 BEREHRE
{REHDIEEE
ASHIFSE B A6 AR (2 AR G R B TSR % 88 2 2 RRLIE
HEED T AR (1996, 2001, 20024F) 12D\ T D
SLD# & Uk tEm M O R VI L % Fig. 4713RT,
[BHE 72 E AR E9 2 | 1X19964E 122 W CTid7H LAy,

20014E12DWTCIE6 H T2 H7H 1A), 2002451220\
FOHH AL FaIICED S, HEMEO AL [
RG] ORI - 3EM RIS Z o 72 2 & 5
BDENTze DEDOL MO ARY F 4 TR, [5
BRETE O — R GG B 12 A, tamarense s & A T2 ME D3
B RSB FECTRA T 5 ] & O Z 38 < LFT 5
LDTH b,

S5, 5-5-HIRUR LA OED G0, Al
DRRFME HFEFAE SRS 23004 X M b B



Fig. 44

Fig.45

A A R = 7GRS BT 2R B0 LT 33

071 StnH
wwwNNmmwmmwmmwwwmmwwwwWNwmwww~wmmwwwwmw@www&
40 NG R R, 4;
N R,
60 N NI Veelocity (cm )

TR T TS T T T 0 é

Depth (m)

50

80 LR R IR A A TR ::gg

200

100 T T T T |

35
F 30
o 25
+20
15
10
F5

0 T T T T T 0
6/1 6/10 6/20 7 710 7/20 7131

2004

Temporal changes in current profile in seven layers (vector plot) at Stn H (depth of layer: 11, 23, 35,47, 59, 71 and 83 m,
thickness of layer: 4 m), alongshore velocity (solid line, average of seven layers) and the sea — level difference (dashed
line) with maximum R — square of time lag correlation during June — July 2004 (R — square with two asterisk means
significant correlation, p < 0.01) (modified from Shimada et al. 2012). The arrows indicate obvious decreases of the sea
— level difference. Obvious decrease of the sea— level difference is defined as the minimum and second minimum
peaks of the sea-level difference after June before increase of PST toxicity.
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Temporal changes in current profile in four layers (vector plot) at Stn S (depth of layer: 10, 22, 34 and 46 m, thickness
of layer: 2 m), alongshore velocity (solid line, average of seven layers) and the sea — level difference (dashed line) with
maximum R — square of time lag correlation during June — July 2007 (R — square with two asterisk means significant
correlation, p < 0.01) (modified from Shimada et al. 2012). The arrows indicate obvious decreases of the sea — level
difference. Obvious decrease of the sea — level difference is defined as the minimum and second minimum peaks of the
sea — level difference after June before increase of PST toxicity.
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sea — level difference after June before increase of PST toxicity.

Table 4 Dates of three events related to the occurrence of paralytic shellfish toxin (PST) in 1996 — 2003, 2005 and 2006

(modified from Shimada et al. 2012)

I
7/20 7/31

Year

Date of events
related to PST occurrence
(month / day)

Obvious decrease of

the sea-level difference *

First detection of
PST toxicity
in whole meat of scallop

Peak of
PST toxicity
in whole meat of scallop

199 °
1997 °
1998
1999
2000
2001 °
2002°
2003
2005

2006

7/8 and 10

6/28 and 29

6/3 and 21

6/7 and 22

no data

6/21 and 7/2

6/10 and 24

6/10 and 7/15

6/30 and 7/27

6/3 and 7/3

7/15

7/22

7/24

not detected

not detected

7/12

71

3/26°¢

not detected

not detected

8/6

8/25

7/24 and 27

not observed

not observed

7/19

718

7/28

not observed

not observed

* Obvious decrease of the sea—level difference is defined as the minimum and

second minimum peaks after June before increase of PST toxicity

® PSP occurrence year (maximum PST toxicity = 4 MU g')

¢ Detected toxicity in scallop probably due to residual toxin accumulated in 2002

summer

35
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- 20

15
10
5
0

Sea-level difference (cm)
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Table 5 Operating results of the prediction method of PST occurrence after 2009 (modified from Shimada et al. 2016). Values
in the parentheses indicate cell density (cells L) of Alexandrium tamarense.

Bloom occurrence of
A. tamarense (= 10% cells L)

(max. cell density of 4. tamarense) (month / day)

Date of events related to PST occurrence and the prediction flowchart

late May - Obvious devrease of First detection of PST toxicity Warning of Shipping restriction of
Year late July = 20 MU g'1 digestive diverticula
early June the sea-level difference* or = 3 MU g" in whole meat of scallop PST occurrence scallop due to PST
2009 no yes (460) 6/29 and 7/14 7/22 724 no
2010 no yes (240) 6/20 and 7/5 no no** no
2011 no yes (550) 6/23 and 7/19 no no** no
2012 yes (230) yes (1760) 6/11 and 28 7/23 6/15 7/24
2013 yes (340) no 6/3 and 16 no no*** no
2014 yes (160) yes (7160) 6/21 and 7/27 7/29 6/20 no

* Obvious decrease of the sea-level difference is defined as the minimum and second minimum peaks after June before

increase of PST toxicity

** Low PST risks have been expected because A. tamarense blooms occurred only in far offshore area in late July

** No A. tamarense bloom has been observed in late July
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Fig.48 Flowchart of prediction of PST occurrence in the
Okhotsk Sea coast off Hokkaido concluded by the
present study (modified from Shimada et al. 2012).
SLD: sea level difference between Wakkanai and
Abashiri
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Fig.49 Annual changes in relative frequency of water masses in April (above) and late July (middle) and average cell density of
A. tamarense in the 0 — 20 m depth layer at sampling stations in the Okhotk Sea off Hokkaido in late July (below) during
2002 —2009 (modified from Shimada et al. 2009, 2010). Relative frequencies of water masses (%) were calculated using
the temperature and salinity at five standard layers (0, 10, 20, 30 and 50 m depth) of each station (see Fig. 39).
Abbreviations of water masses are following, SWC: Soya Warm Current water (salinity = 33.6), DTW: Dichothermal
water (water temperature = 2°C), MW: Mixed water (water temperature > 2°C, salinity > 32.5 and < 33.6), LSW:
Surface low — salinity water (salinity = 32.5).
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Fig.50 Astronomical sea level at Wakkanai and Abashiri and astronomical / observed sea level difference between Wakkanai
and Abashiri during June — July 2015 (modified from Shimada et al. 2016, data source: http://www.data.jma.go.jp/gmd/
kaiyou/db/tide/sokuho/index.php , last visited 1 December 2016).
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Diagram showing the generation mechanism of the subinertial variations in the Soya Warm Current by wind — generated

coastally trapped waves (modified from Ebuchi et al. (2009)).

5—83—5—c ARXHMBLUVREREZNRXN - "R
BHRERVREERESZOFA

WKNT, RN RIS BT 5B RBREET b b
SLDWA DT MO NTE 2 THh DL, THIFER IF
W%, b — K BRI KT TH b A
F =y METABIN TV BHEN & HEE DR ICHA
AT, SLDOFHMELFET L2 LN TES
(Fig. 50)o F7z, RAMEIRIEEIZ BT 2 WO R T
% ( http://wwwoc.lowtem.hokudai.ac jp/hf-radar/print.
html#latest , 2016412 1H) &, FEABER O ITITIEIC
EHTHDH, 512, WIRTEBY, JTUZ L R0
FEOFIZEE) (Ebuchi et al. 2009) % 4 % = & 2SH %)
EEZOND,

Ebuchi et al. (2009) (%, HFL — % — 3 X (FADCP% H
W 7SR IR O RN A AL & B304 M £ D) D,
LB X MR OIS EBfR = hT L, B X ) oD
1—2H H#E < & AbilgE H ARG ORI LA 25 012
L, N VHET K=Y 7 ORI T 4720
|2, SLDIZHEINL, SEAMRASTHRE L 205 2 LIS A2
L7z (Fig. 51)o FERDBEIIC L - T, L% OED
L dbiEE H AR FEOKMIZACT L, Y CHES
=2 7 #OKMIE EAT 72012, SLDIZHA L,
BRI HE L LT EBRL TS, o T, SLDJK
Vb B ESEROIHEIE, [RERBSOR[RR

AL Y DJAAKL T EATFREITE N TFEITRETH 5
LEZBND,

PSPIC & % M F ML E £ 723 Bl L 5
1722002, 2004, 200745 4FE D= BEGTEIEE R H O
SIEEE % Fig. 52125783, WIFhor—2d, Fk—
Y 7 W RVE O E 723 AR E R IS B U A IR 3
FEE VY, ERAHE T L ) O E T WRIE
RETH B LWGh5b. HENIZBIT 2 R EEO I
FLfka AL L& ( http//www.datajma.go.jp/obd/stats/etrn/
indexphp , 20164125 1H), Fig. 5212k L729HDH b
6H2SL L W ORTHY, TD) BLAHIZOWTIEHFEY
JAH6 m s &2 ARSI N T D, DbErs
IR ATTATN & o THh AR — 2 7 #F A 124, tamarense
Th—2 (> 10° cells L) SRR S M TWBAEIZIE, &
JERCESE 2 2 E G E LCdb L ) O OFHEZ 7l L 7%
M5, MR BEOFEATUFE 2 EHS 5 2 LA
A EEZ NS,

H6E MEEE
BIE dABEAR—VIBAFICH T IMEMERSZD

EEFAICE T 2MREDODEN BEFNESE
KIGENZ LT, fli 75 > 7~ »Tdh AHA. tamarense
ZhL—H—>b LT, JbilEEF =Y 7GR ED



40 IgH %=

¢

22 June 2002
ENE 6.8 ms™

2002

2004

\\@:J
11 July 2004
“ENE 6.3 ms"

2007

; %
A
10 July 2007
ES52ms’

S w
9 July 2007
ENE 4.5 m s

Fig.52 Charts showing the pressure patterns during three days just before the weakning of the SWC in 2002, 2004 and 2007
(modified from http://www.data.jma.go.jp/fcd/yoho/hibiten/ , last visited 1 December 2016). Wind directions of daily
maximum wind speeds and average wind speeds at Wakkanai (data source: http://www.data.jma.go.jp/obd/stats/etrn/

index.php ) are shown at bottom of the charts.
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Changes in body size with decrease in biomass of Arabesque greenling Pleurogrammus azonus in sea off northern

Hokkaido and its influence on spawning stock biomass
Kengt SAKAGUCHI', Yutaro SUZUKT?, Yasurumt HADA®, Hirokt ASAMTI and TakaHIRO TAKASHIMA*

' Central Fisheries Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046—8555,

? Wakkanai Fisheries Institute, Hokkaido Research Organization, Wakkanai, Hokkaido 097—0001,
* Abashiri Fisheries Institute, Hokkaido Research Organization, Abashiri, Hokkaido 099—3119,

* Hokkaido Research Organization, Yoichi, Hokkaido 046—8555, Japan

Changes in body weight and maturation rate of 1-year-old Arabesque greenling, Pleurogrammus azonus, in the Sea of
Japan and Sea of Okhotsk off northern Hokkaido (seas off northern Hokkaido) with decrease in biomass were examined to
improve the method for estimating spawning stock biomass (SSB). The body weight of 0-4-year-old fish increases as the
recruitment of O-year-old individuals decreased after 2009 year-class. With the low number of recruited individuals since
2009 year-class, the maturation rate of 1-year-old fish almost reached the upper limit (1.0). The SSB in 2010-2016 calculat-
ed using estimated body weight and maturation rate was 127-1.46 times as high as that calculated using constant body weight
and maturation rate. Therefore, the method for estimating the SSB of Pleurogrammus azonus was suggested to be improved

by considering changes in body size and maturation rate.

o= KRy, BRE, KA X, B, O, 4 R— 2, Pleurogrammus azonus

A (&, A5, B, =4 Ar—vrso 20124ELARE, COBIFRZFIH T 5 EfEOEFER T,
FIRFGERN) OBELSMEOHREL LUt h— ZOWEE LB ) m e BEMISHT L, s
7 (LIF, dvigEdbifi s 32) (2o fis bk 7 (LI, $ifame35) 2RI 2 &8HEHT KL E
Pleurogrammus azonus |34 HFO B E 2 KEEETH 5,
Vg2 WYIERN S 2720, dLiEE TR EHI7ERE

WATERRZE AR, HEE, WA 17>\ 5 (R 20

BRI IT 5, 2018, http://www.fishexp.hro.orjp/exp/cen- S 150

tral/kanri/SigenHyoka/Kokai/, DL TFURL% %), 4 &E £

OYSERIL, 199320084 DIE & AL OETI0H F > & 8 100]

B2 T 72hs, 20094E 20 5 MBI & 1), 20154 & ol

20164F 111605 + I E THBAAL (Fig. 1. i

A O EN 1 $20094F M LA DI R 70 h2 0 7272 e e P e

I, WEEARAS LTS 22 I2hs (Fi5, 2012 ; S & & g & g g

W5, 2018), Fig.1 Pleurogrammus azonus catch in the seas off northern
Hokkaido.
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LTwa (BF5, 2017), COFKRIE, EINHMARE%E
MRT 22 TMARERER L, BHEONEY HigT
bOTHD, ZONROREEBGEET 720121, 4

OEFFHMIC BV CHAEZ IEMICHTE T 2 L8 D 5,
LgFEoOBMET, OFEAZIA1H, RIEERT 05,
AR AR L Lo 7V —TIRE L7 BT, FED
LSRN OIEREAHEEL, @QINIEERAT v T
®Virtual Population Analysis (UL, VPAL 4 %) % i
HT 52 ETIHMOB L OTHADOERYEFRE %
AR L, QI TH D 1LH D OFFHEE R R
I ORE L KPEoOZFNEN—2l (DT, —E4hE
BLO—ERIELT D) 2L THLNTEL (FEIE,
2016) o

—75, MEOEFERIIZE LT, MAREND
R \VAERRIE O M O TR R AR & < 7 B EAE AR
Sz (ATH - 85K, 2013)0 b LOEMOAL 5 T 15
AU EOBAOEY A XL RKELL T 251X, oh
F CO—ELE L AV CEE S NP E T NMEE S
NTVLIREMNED D S,

Iz T, ACHEEALEER O & v A o BRI IR
DERFEIRF LT 5 Z & i & L7z (Takashima et
al, 2016) o b LUSAL EOBRENKEL BT LT
HBEPFHLTVDELLIE, INETO—ERIETEH
HENBlAE S ENEESNTH LIRS 5.

FAEORAMUIEIVINCE R L, R & FATICS
L 7Rwizd GEE, 1957), KAEOHEISHEEETH
5720 L? L, Takashima et al. (2016) (IR T 5
e (LLF, RsEE32) oZbx ET7 IV TEL
EMIER DR R D S ERERORPEEHEET D
CEERUHEICZ L7z F72, 50% VR 13 K9240mm & HE
FEIN, TIUIORADORE LY FTHITKE L, 25D
LOFE L) TTITNS VD, 0%, 28 AL DR
KIZOWTIE, FNZFN00, 1L.0O—EE & RE L TH
BN e ve LA L, AL, EINIRT DR EDI50% i
PIREORIBTEIZL > TEILT 5720, BHEDEIC
Yo TLEET L2 &R SIS (Takashima et al,
2016)s L7255 C, TEOMARE DAL D %>
TIRAPRKEYL L, FRIC & o TEBORAEIZ N
FTHwbL N TE—EHHAE (08) Kb AL,
BAEDHNMEEINTVWEZ EDPRAESI NS, 1A
EHARICHEDLZEENRKET VD (TS, 2018),
BAESEANOREIKEV, Z2T, RifFE Tk
WALEBHERL 20 A5 B R v o OBFRHRAIZE R E
P A XL RADOEAFEDOEETR, ZoOBMAEHE

D HET 5o

Table 1 Year of collection and number of Pleurogrammus
azonus individuals collected in seas off northern
Hokkaido from September to December for body

weight measurement

Year Age-0 Age-1 Age-2 Age-3 Age-4
2004 172 210 183 43 31
2005 236 329 409 142 51
2006 234 397 174 192 65
2007 974 626 348 117 96
2008 443 1,742 421 153 68
2009 162 690 511 118 51
2010 140 489 481 206 51
2011 937 197 352 298 81
2012 1,119 1,915 100 143 100
2013 387 493 765 136 110
2014 355 753 554 281 14
2015 693 493 243 88 82
2016 325 1,045 299 126 16
Table 2 Year of collection and number of 1-year-old female
Pleurogrammus azonus individuals collected for
each sample in the Sea of Japan off northern
Hokkaido from September 1st to October 15th for
standard length measurement
Year Sep. 1-15 Sep. 16-30 QOct. 1-15
2004 36
2005 28, 33
2006 61
2007 61 67, 54, 128
2008 97, 86, 83 89, 81
2009 33 40
2010 7 31, 47, 52
2011 8 7"
2012 11" 61" 95", 147"
2013 24" 60"
2014 29 33, 30
2015 27 17 84"
2016 10 213% 29 117*
* Stratified sampling
ARRUFEE
FRFEORE BT B 2k 7 O
WMIOATURS AR E SN2 G, 1957) &4F

DOFEINENERSE S N7z F v 7 OREREIZIED W TR
FEHTIgE (LT, FRRELT5) 2kDD720

2004-20164F 0>9-12 2 b B b ER R 1 B T FE 12
BT EE, EME RIS X o TREI N AR OK
BEAWEL (Table 1), A2 H AL, #
FaEm L Clifla 53 2 HEIc L Wz hE L2
(ElE &, 2013), BILH B X USERMEHIZIA1IH & L
Too FARITERE S NZ0-4F AU DT, ARSI IEHER
W FREZ RS, S SICKEROMETEDFIE % ERIk
B L7z REMEEDD 5o 725 MLl EokEIZ4
WALFELUE L, COENKEZHNTO)RITID
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ZZT, SR, NMIKOFEDILHMD O&IFEE,
WIIAEE, mlIREEE, FATOIIFHmTHY, 0, 1, 2
3B L4 LLETH B, ITHHO OB ZEIIIRITS
(2018) THEH I N/fER HW 2,

W72, FsEMEE % 2004-20094FE 01 T—%E
EE L7z~ BRETLHMAEEZEL L, EHRED

Yt L —EEEOYE OBMBOLZFEFNIRKD, FFIZ,

20094F#R A5 1k TREIR IS D) 4 6 7220104F LLFE 12 D W
THEME L7z,

AR EFEOMRERET T 5720, FERDORK
FED NN AR R & 0-47% IR D AEBIR E DO AHBI B4R % <72,
IMARHIZIETS (2018) THEHESNEEZ W, 2
T LAY § 2 T A D DO A D& IFBEL T
H5bo
1TRADFRIRAEDIRET 200420164 |2 ERE S L7z
Ry URAOEREIZE D THRIE (LU, E R
LT D) 2HEET L0, OFIH2S10H1I5H IS
RO CiE SN2 AoMoRELZIE L 7
(Table 2), AT b AL HB I 0> 32 FE N5 (X H AR
WZH A7z (G, 1957 BI116, 1983), 2 TldF
R=Y 7 EOBERERE, HRBEOERD K ZH\ 72,
12 O HAEYE AR Z & 12 10mmHE AT 00K 5 HEL R o0 48 5 45 A
AR L, BV AT 4 v 7 WIS K D E T
(Takashima et al, 2016) % YTl TRIMELHEE L 72
(Bl L CFig. 2)o #MBTHEONIAERDL AL, #
MR MR CEADT LA REMEE Vv,
Takashima ef al. (2016) TI320074F 3 X V20084 D fE A
FNZNICETID2ROT VAT 4 v 7 MERDS
ENTWDL 0, RFFFETIE 5280 K o
¥TH b 2) R x Az,

p(l) = (1 + 56.487-0.2381 + 1+ e32.068—0.134—l)/2 <2>

2T, pDIIERImmD & XFOWETH B, FifsE
WEARO B HAEIL ()X TRD 7,

P=3%fi-p(m) (3)

ZCTC, PIEEMEAROBEE, AIMRRES O,
MR RO P IMETH b0 FIEWEARD FHE %
T LI L CUEMOERIR IR Lz,

5 N7AERI AR & 1R o —EIRE & F v C Uk
DHEOPMEEFE L2, WEO/20, —ERIAE (08)
W IEAOAOB A= D EIE L 72

Ry O A ZOZALL BEA~OEE 53
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Fig.2 Example of estimation of maturation rate of 1-year-old
female Pleurogrammus azonus using standard length
frequency composition of sample and logistic curve.

* Modified from Takashima et al. (2016)
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DORERE DA JBEL & 1R O SERI B E OBR T 71 v
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etal,2016) Z & %EEL, AKE230mLl EoOMEOTE %
BmE L7,

MARBICLZ2HAENOEEORET EoMEIC XL

D, MARHKEFHEEOER, BIUMARKLE K
FLORBEOMBRPEEN D B B ERD Uk O B
BB LOURMAL EIC % o O FEEEIL, FOFEMk
DOFEFEOMARE EEBRL TWDE I ENFHEIND,
FIT, MAREELEICHEE L KEOFEREE X,

Z DDA AN LRI TP ES NS IRE & K
HRPLPHELRKOLILIZL T, MARKIZES

BRENOEELRE Lz, MARKIZITES X O1fE
R-17ERE % ERHBE CiE L. TNnEmARED
5N 4ER T v TOVPAORIER S (B, 2016) % 5%
WD F T, 2-SBMOOEFRE A FIHH Lz P4E
AT v TOVPAORIMEFTETIX, [HHOOEFRBHIE
HI4ETH WO OEIREEA S, TAM S OEIFRZ IR 4E
LA OERRE,S (4) TR 720

Ni = Ny_q-e” "M (4)

ZIT, NMIEBRRHE, BATOMIFER & IZNPRE
AT T CTHZEHTH L, FIRHMERECHAMIZT
572 0IMA LIS O F TREH )04, MiZHIRIE
TRETEFED 72 001475 (14EH 72 V0295, AL,
1983) CTHAZ—ELIRE L7z RELIZIMARKI LI
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145 OB AR % (1) NTHRE L7z BlE 2RO 55!
HICHOWAEEDS LKA ORARIL, AFETHS
NIMARE L DBBRAD SHEE SNl v 7z. %

B, O L2 AL EOHEIX, FNEN00£10T
—EE L7
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FEDOEL 556N FRREIZ0-45% A\ 3711 2004
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NEBEDZ - 722008F M LART & 7 < 7 - 7220094E 4%
PIBE DI % 4 2 &, 0-4m5 v 9730 4 20094F
VRO T HE <, tR5E DOpll 1205 £0.7550.04, 1% £0.250.005
Ky, 2R FRA70.04, 355006, 4EMAD004TDH > 72,

—IEWHAEOL & T, FHMEELHWTEE L2HA
wE, —ERETHEL-BAET KL (Fig. 4),
20094F ANk AL CREIN I TN A V) 45 6 7220104F DL > 1
Y, EHNREZHCE TR —ZEREOR G D114-
1235124 CHEE SN2,

AR & AFRMEE O a5 OF R, 0-4i g
N EREMROEEIZETH Y, pEIX0EMA L EAD
0.005 A1, 28 f250.02, 357005, 4% MA£003TH
-7z (Fig. 5)o
1TRADKRAERDOEAL EARFNIIHEE S N7 R A DR
PR L AER A L L - % Table 31278 L7zo 4F
BB ER (22004-20094F T120.54-0.94 T, 15% D —5E Wi
= (08) DRI TZEE L Tz, 20104 LLFR20164F
T O EIEI2096-1.00T, EROIOZIZIZEL T
W7z,

—EFEDOL & T, FERIBFAEEZ VRO 1A
OPBE L, —ERHAETHVHBEOURAOBAE
ZHE L7z (Fig. 6)o 20094FMAS 1M 7 - 7220104F
DB oBMmE L, FHARD TS — 8 Mk
DOFED121-124512 % {HEE STz,

0k FF DA BT & ks O AR B BA SR O BIAR % AR AR
W27y b LTRL7: (Fig. 7). fERIREEIZ, A
BEDSSERIUTOEMRTIOCEL, TN VIMARK
W % B AT L7ze MARED RS Lo 728 160%
R TORMEIF054TH o720 TNHOTTY Mzuay
AT 4w 7 M E L TIIO MR, MARKAKISER
A AL, IERAOEIFIIZIET LT BHRRS
RENTZ,

REERAEOTELEDEE FRHOMRE L BHAEE Hwv
TR SN HME Y, —EO/RELRPE TR IN
EmER L7 (Fig. 8), ZOf%E, FEHokE
LR F W7o, 20104E IR OHAEIE, —FD

Body weight (g)

Fig.3

SSB (x 104 ton)

Fig.4

Body weight (g)

Fig.5

Changes in mean body weight with age for
Pleurogrammus azonus collected in seas off northern
Hokkaido. Open circles indicate the 2009-year-class,
wherein the recruitment of 0-year-old individuals
began to decrease.

¥ —Estimated body weight
8 Joss + Constant body weight
6 1
4 1
2|
0

2004
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2006 |
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Spawning stock biomass (SSB) of Pleurogrammus
azonus in seas off northern Hokkaido calculated using
estimated and constant body weight. Numerals
indicate the ratio of SSB calculated using estimated
mean body weight to that calculated using constant
body weight.
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azonus of each year-class with age in seas off northern
Hokkaido.



Table 3 Maturation rates of 1-year-old female Pleurogrammus
azonus collected in the Sea of Japan off northern
Hokkaido from September 1st to October 15th

Year Sep 1-15 Sep. 16-30 Oct. 1-15 Mean
2004 0.54 0.54
2005 0.98, 0.89 0.94
2006 0.94 0.94
2007 0.87 0.71, 0.86, 0.54 0.75
2008 0.50, 0.63, 0.67 0.79, 0.85 0.69
2009 0.97 0.73 0.85
2010 0.91 0.98, 0.99, 0.98 0.96
2011 0.99 1.00 1.00
2012 0.96 0.99 0.98, 0.98 0.98
2013 0.99 0.97 0.98
2014 0.97 0.99, 0.99 0.98
2015 0.97 1.00 0.99 0.99
2016 1.00 0.97, 1.00 0.98 0.99
A * —=Estimated maturation rate
< b .
8 + Constant maturation rate
<
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Fig.6 Spawning stock biomass ( SSB) of I-year-old
Pleurogrammus azonus in seas off northern Hokkaido
calculated using estimated and constant maturation
rates. Numerals indicate the ratio of SSB calculated
using estimated maturation rate to that calculated

using constant maturation rate.

04 4 exp(4.70 — 2.78 X 1075x)

Y= T+ exp(4.70— 2.78 x 10-5%)

Maturation rate at age-1
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Recruitment at age-0 (x108 individuals)

Fig.7 Relationship between recruitment of 0-year-old
individuals and maturation rate of
Pleurogrammus azonus of each year-class in seas off
northern Hokkaido. The line indicates the fitted

logistic curve.
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1.06 1.23

SSB (x10% ton)

Fig.8 Spawning stock biomass (SSB) of Pleurogrammus
azonus in seas off northern Hokkaido calculated using
estimated and constant body weight and maturation
rates. Numerals indicate the ratio of SSB calculated
using estimated body weight and maturation rate to
that calculated using constant body weight and
maturation rate.
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Fig.9 Relationships between recruitment  and

spawning stock biomass at each age simulated from

given

Pleurogrammus azonus recruitment.
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£ =

A HEEACEB IR 4347 3 5 R v 1%, 20094E LLRE L2
KNEBHDRA L7720, 20164E F TEIF I LT
% (RS, 2018), RWF7ETIX, AR E EHED
WANE b %o TRy F ORI A XIHRKELL, 0-45%
FOFIEESEML -2 L &, FRADORAEN LT
L7222 & 2SN L7z, 20094E Mk A5 1R 7 1) BESN
2N 1) 158 7220104E 20 520164 £ TOFA R, F7
DEEERPETEIET LI LICL-> T, —EDFEL
AR CTEIE L 256 0127-146f5 128 { EE S L7z
(Fig. 8)o MEB LURIEDEIZL 2L EEET S

&), BfiEOHEHEPUESNIZLEZLN
Lo BMEO LHBIEE, FAERDE EaEN0
IMARE) OFHBILEZL EHAEBRORGHCEE 2
B lFTEEZ N5,

20084E % LIHT & 200945 8% LLRE D IR TE % 4E#H I L2 L
L 72k R, 0-4i%\ 4L b 20094F A LLKE D 7 ASE A o
72 (Fig. 3)o L7273 T, 20094FA% LMD — Bk & 1
WNTHo7zbEZ6ND, Tz, SERINTIMAREE
PG EOHMEEGE B2 &, FESH OME X 130-475%
WINHEATH Y, IMARKED D% WIT &I EEAE
B BE/RPE SN (Fig. 5).

COWIED K v riZonT, MARKEI A% 20
MEOFEENREW EAE SN TS (FTH -
#iR, 2013), REFZEIZBVTDH, MARENF LR VI
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%%420%## BUE D14 T CRELTY
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WZHGET L, IMAREDET 2L IHO 2T 52
LiE, Ay roRFEEHRE SSHIED DL ) 2T, S%D
EELBEDOIDOTH D,

20094EM LD I A REL DA & b 7 » THREATR
EL o MR, RAOBATRILIIRTH 1.0 T
ML TWiz (Table 3), S D720, 1FEAO—EER
= (0.8) &, 20094EMHLLEIZ OV TIZBEANTH o712 &
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DM (20034FE4%) DOKHAFEIZ05L FTIRFLT
BY, —ERIEFILERKTH o7 (Fig. 7). @FITIEL
BAORAEZ03L L THRAESNZZEH D720 (A

7L, 1987), ZAURIEHEMNRME TRV T X %
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% { OB A3 27 m
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20044E DM (20034F4%) D X9 RIIAR @#wﬁ
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X2, EIPHIET O U A O EEY AR 2 IR L,
T T =8 EHCTHERIET 2 LEN D 5,

— I, RIS X B BT, MR, EEER X
OHRL Twwawaﬁﬂi TMAREDS S VAERIT E
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R ETFHEREOMOBAORRIE, IMARKHENL
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iR (Fig. 9), 2-4RERoBME M AREICIE L <
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Normal embryonic-hatching process of saffron cod (Eleginus gracilis)
ARE-LANG CHEN*', HiIpEO YOSHIDA? and YasuNort SAKURAT

' 7-34 Asahi-machi, Date, Hokkaido 052-0034,

* Formerly: Fisheries Department, Hokkaido Research Organization, Hamanaka-cho, Yoichi,Hokkaido 046-8555

’ Hakodate Cephalopod Research Center, Fisheries and Ocean Hakodate, 20-5, Benten-cho, Hakodate 040-0051, Japan
(Professor Emeritus, Hokkaido University)

Embryonic development and hatching process of saffron cod (Eleginus gracilis) were studied in their artificially fertilized
eggs at water temperatures and salinity conditions. Eggs were incubated in plastic containers placed in water tanks with
natural running water. Eggs failed to develop at temperature above 6°C and salinity below 8.2 in salinity. at all examined
conditions. Deformed development and low hatching rate were observed at 4C and 13~20 in salinity. These results indicate
that the optimum temperature for normal embryonic development and hatching could be below 2°C with 20~25 in salinity.
Embryonic development was divided into 7 stages from gastrula to 50% hatching at 2C . At 2°C , hatched larvae’s yolk was
completely absorbed in two weeks. Most of the hatched larvae were normally developed and a few individuals opened their
mouth just after hatching. It was confirmed that saffron cod had advanced morphogenesis at the time of hatching. Despite of
normal development of eggs, their hatching rates were extremely low around 3 0% with gradually increasing water
temperature. Natural water temperature and salinity levels in Lake Akkeshi during winter to spring period showed that
environmental conditions were extremely stable until melting ice.
o= 1S JHIEH Fk

A, KR, BB, MU, MU,

Z I F T3~ A Eleginus gracilis\Z 2O\ Clx, ZOHEGH BB, 1947 ; Mukhacheva, 1957), F 72, ik FlzBr
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Erh L CEINT L EEESINTYS (BES, 2005), 72,

fAET COMIZ—RTETOIEELT S 2 LD RS
nNTwz (Bls, 2008), LA L, #EHSNINOFLE
M HAFHEAIN T TOHMEFERARRICRI L TiE, 3
AEEFTOEZAMAmMDTZ L, BIZIE, P54
DWW - =& (1943) 2SO FEA KR % flE T T
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% PN C O ST T EER (HF, 1928) OffR% L
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DRI 2 EHEEINT VL, M2 T, ZOFHITREUKE
DA THLEE, E»SMEIT,T THIT 2 2 &8
s Twa (LB ENZERNT, 1986). LA L,
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W HMInEE B o TV IR S LT,
FIT, AW TlE, a~ A ol m oL EEY
LVBEMEICT L7200, ax A OIS E LTS T
BRI Z 74— FISEY, &0 OH) »5F8H (4

WorE5AS55 (20184 1 H15H 2 H#)
*Tel: 090-2076-4899. E-mail: ymchen0902@sky.plala.or,jp
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EOBRERND & & B2, EINROE RN OBREEH

%?%)’/T?O f\:o
HEsLUHE
HAEDRECEE WRIVHOBMAIE, 198741 HICE R

NIRRT 51572 (Fig.). Z&d, HAEOD
BiRE R L PRI R (B S, 2008) & [alkE& L, 5 A
IZBWT, FBLAEDOMET T AT v 7 HIERICL/3
~121Z B EIRY, 1HH7D4~5SBREZINEL T
WG 72 LT, SEERE 1T JLiffE XK E 5
(1, BRI 38 0 AR ERFZE - 2B 1t b il X K
PEMFSERT) Tk L7z,

142 144

44l /

42

Lake Akkeshi

Fig.1 Map of study area showing sampling stations(circles).
Triangle indicates the Akkeshi Fisheries Cooperative.

JHOBAEIE, FBFFERTIC BT, A L7 MEsim o
THINZILEED T T AF v 78R — VIS LEEHER
L, Wiix P ERY 2T CRITRAT 28I LD
Tolze INOLOZKEINE, ATEEL SR Y T TEHKL
KIROTC A 2 D UGB K & i 72 L 727 7 ) VL 10D
B Lze SOk, JUFE-LAKE L CIistic 2 5
WIS T &R, BRIOWKEEY KL T, 550
RGN E LY vz,

IRSELE ESMEFRADOHERMEHEX T -7 JIFED
ARG, 2B RO MED & P L 72 RGN & K TR
S TTo 720 OSSR, KEEBICEGSN D
728, KIRFAEBETH DM ARV 2T TEIEIN %

L, »MbFEToEBEITo72 FBEWNOLEIXH ST
B T L 7-NaCHE A IR B LR 0 90 % 20 & 8,
FNEFHEL B HE A ICEAKTHD, FH0L %o
TEEOER R, LERICANTHE L7,
SRD&EFKR KB, B2 EDBEFR FEERIL, duiEEX
IKFERFZEATIZ B\CI987AE L H ISH A H4)124H £ Ti7»
2o FOEBREMOMAERE % Table 1R L7z, FHE
FEFICIOLER D 7 7 ) VM E R % (HAE30em,
B X 15em) MV, Fiie L CSLofEAIZAEZ: ([F24cm,
12cm) & v 7zo FIASSAEIIC RS B HlE % 7 B <
Vil Th72012, BROLzBEVwWE= -y - NCHE
W, R SERT L 7z AR R EH AT, HEE LT
~10H MIFECTHr o 720 7K & 58 113K - 5 1F
e o2 2 Y SI-202 1 % v~ 726

Table 1 Summary of egg survival experiment at various temperatures and salinities during egg development in 1987.
. The condition in Temperature o Number of rearl.ng
Exp. Section mean(range) Salinity vessels and starting
water baths A
(C) dates.
0.2 Jan.24(A) (B)
No regulation (-1.1~4.4) )
. . 32.0~35.0
Relationship between  (natural water flow) 0.7 Feb.1(A)
temperature and (-0.8~4.4) :
survival. 2.0+0.2 Jan. 24(A) (B)
(In 200L containers) Maintained by 4.0+0.2 32.0~35.0 Feb.1(A) (B)
thermoregulator 6.0£0.2 : : Jan. 24(A) (B)
8.0+0.2 Jan. 24(A) (B)
32.3~32.6 Jan. 18(A)
Relationship between No regulation (natural 25.3~26.0 Jan. 18(A)
salinity and survival (In g ater flow) 0.5 (-0.8~4.4) 19.7~19.9 Jan. 18(A)
1000L container) W W 13.3~13.5 Jan. 18(A)
8.2 Jan. 18(A)

A: 10L container

B: 5L container
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M 213, FE KR RRIREISES 5720
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L7 KRN G2k & AR O s & % iE L7z (Table 1),
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097 ~1.06mm® & B T - 720 ZHitk, IIEE121.09~
LBmmIZE AL, RRAREALFBTE LT, RO
JNZIEHE T OB AR S N T AR TP Y
L RARE %o THIIFEICZR L, IREDSTER S 7z,
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Fig.2 Embryonic developmental stages and hatched larvae at 2°C . Roman and Greece numbers indicate days after fertilization

and developmental stages.
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Bo EMIIIRNE, B X OHREEDS B
AT L BAE S Ao EIZ1.071~1.079(11.5C)
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PRI 2 1S 20 BRI O 3 LA A

ATREBLEZEL, WIRTLIE-sZYVROLN
bo FEFNIT L < FEL, HEIIINEDI5~40%
I2ET %, HEIF1.062~1.066 (115C) TH b,

CIRIEINE 217~ 18F 9 5. IR mFE IR

SEAZEE L, HEIZINEDS50%:IE < I2ET 5,
BIREFEDPEMTE STET 5%, R IR
PORNICESL L TO25FTIZHER LTV 5,
SHEE T CARIRAS L3 B st 5o

AR Do

50%23 5L %o
IR AR & K O B AR

2O PIIT B720, BIHOREKIZIED VT, KKiRS
T oINS ERREE LIk L 7z, EX ok L LT
1, IBAROZERE NIEZMELTwb) REEO
LAEREERH L2 (Fig.2),

I. W

0. o238 L, IRIERE, 27 v3 - Kig)s

ROLIND,

M. RIZIPE % 13 %,

V. HRABICEERDSIEE % BIRT %o

V. IREORE % 17~18 L, BRIz A seais

LT,

VI. S bz BGT %o

VI. 50%72354b$ %,

SMEREORRT LA OTZRERN 2 Fig 2 DT ICRERK T 5,
SMEBERTE ALN LI BEFE TI2B L, KRS LA
7eOIIFEIER AL, KeEoINBEILERLL <,
FaS5H L7z, Table 212 LRI E <, FAS
%LLF & A BN FEEBRXIZBIT AFADEKELZR L2,
SMUBEBROBRRITEBREMEI L > TRR LD, FHLT
539~582mmTd - 72, IEW SALL TR DOIEEL
Fig 3AIZBIR L 720 S ALIE B OO KT R I AE
W LM H A2, BIEOINEEL R T
Wiz, BB CICIER S I, BREEIXRIEE A SR F o
T, Bz b THEANEZ Y, JIEBZETISK > Tw
7oo NMEFTAINEEORLRLEFICHOL Tz, B
FIRICSEEIZIEAE L, RS 5 W IdBER O R 030 #
2, MBI LRI TRRICHIE L Tl 72, B
o2 TOFBEMIZeRL®Iom L, REZBRL
Tw7z (Fig.3A), SMUERZEALNAEAEOLIZ, B
CTwabo (Fig.3 A-1), HIZIZTTICHOLTWS
DHEH LTz (Fig.3 A-2), JIEA TN S D

Table 2 Body length(mm) of newly hatched saffron cod
larvae at various incubated conditions

Incubation temp. No. of Body length(mm)
C and sal. larvae  mean S.D. range
0.2(-1.1~4.4)
31~33 33 5.51 0.09 5.30~5.65
43 5.65 0.20 5.22~6.04
0.7(-0.8~4.4)
31~33
78 5.82 0.18 5.39~6.15
0.5(-0.8~3.8)
25.3~26.0 78 5.77 0.20 5.39~6.23
2.0+0.2(*)
31~33 59 5.39 0.13 5.07~5.78

(*): Maintained at 2°C by thermostat.
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Fig.3 (A)Normally hatched larvae. (A-1) Larvae’s with
closed mouth. (A-2) Larvae with opened mouth. (B)
Abnormally hatched larvae at 4C .
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Fig.4 Relation between the embryonic developmental stages
and the days after fertilization at different temperature
conditions at 32~35 in salinity.

I : Gastrula, II : Appearance of optic vesicle, Il : Embryo
at the yolk circumference, IV: Appearance of pigments
in eye, V: Head height as the radius of egg, VI: Ist
hatching, VI: 50% hatching,
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Fig.5 Relationship between egg survival rates and the days
after fertilization at different water temperatures.
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Fig.6 Water temperature during experiment and hatching at non-regulated water flow.
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Fig.7 Relationship between egg survival rates and the days
after fertilization at different salinities.
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Table 3 Water temperature and salinity in Lake Akkeshi
during experiment in 1987

Felb:.e:i(:irp. Wateg(”:l" emp. Salinity Stations
Feb. 2 -1.7 31.0 Hole in ice
Feb. 7 -1.7 27.2 Hole in ice
Feb. 10 -1.7 29.3 Hole in ice
Feb. 13 -1.8 315 Hole in ice
Feb. 20 missing 31.2 Hole in ice
Mar. 5 -1.7 304 Hole in ice
Mar. 5 -1.5 30.3 Ice free area
Mar. 8 -0.7 28.9 Ice free area *)

Mar. 15 0.1 31.9 Ice free area
Mar. 17 -0.4 27.7 Ice free area
Mar. 21 -0.1 26.1 Ice free area **)
Mar. 24 0.2 14.6 Ice free area *)
Mar. 25 0.6 30.0 Ice free area
Mar. 26 1.6 234 Ice free area
Mar. 27 1.3 23.1 Ice free area
Apr. 2 0.4 28.1 Ice free area
Apr. 5 2.6 28.1 Ice free area
Apr. 6 3.0 27.0 Ice free area
Apr.7 1.1 30.7 Ice free area
Apr.9 2.5 29.5 Ice free area
Apr. 12 2.0 28.7 Ice free area
Apr. 14 1.1 30.7 Ice free area
Apr. 15 2.5 29.5 Ice free area
Apr. 17 2.0 28.7 Ice free area

*) Stormy weather
™) Heavy rain
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Fig.8 Comparison of 50% hatching days of saffron cod and
walleye pollock at 2 C and ratios of number of days
required to reach at each stages. A: Closure of blastopore,
B: Formation of lens, C: Pulsation of heart, D:50%
hatch.
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Effects of various temperature-salinity conditions on post embryonic-hatching process of Saffron cod (Eleginus gracilis)
ARE-LANG CHEN*', HpEO YOSHIDA? and YasuNort SAKURAT

' 7-34 Asahi-machi, Date, Hokkaido 052-0034

* Formerly: Fisheries Department,Hokkaido Research Organization, Hamanaka-cho, Yoichi,Hokkaido 046-8555

* Hakodate Cephalopod Research Center, Fisheries and Ocean Hakodate, 20-5, Benten-cho, Hakodate 040-0051, Japan
(Professor Emeritus, Hokkaido University)

The post embryonic-hatching process of saffron cod Eleginus gracilis was examined at 28 different temperature-salinity
conditions ranging from -1.3 to 3.3C and from 10 to 33%o. Our results indicate that the relationship between temperature and
the number of days to 50% hatching was exponential. The hatching process observed at constant conditions (< 0C , 32~35%o)
as well as increasing temperatures (1.3~3.3C) or decreasing salinities (10~20%o) indicate that the advanced developmental
stages were acclimated to higher temperatures rather than salinity dilution. Complete yolk absorption of hatched larva occurred
within 19 days at 1C and 13 days at 3C. Artificially fertilized eggs incubated in suspended basket and transplantation in
Lake Saroma, developed up to stage IV~V in 43~51 days in the beginning of March, and up to stage V in 66 days by late
March. Natural water temperature gradually increased from below zero and abruptly reached around 3C in the middle of
April. Their normal hatching period was supposed to 80 to 100 days. Laboratory analysis and field results indicate that
increase in water temperature triggers early hatching of saffron cod and occurs simultaneously with melting of ice.
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Fig.1 Sampling and experiment stations in Lake Saroma.
: Sampling stations (Set net)
: Water temperature, salinity and current meters

: Experiment station (incubation baskets st. 2)

>rO@

: Experiment station (transplantation st.1 and 2)
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Fig.2 Devices of captive experiment in Faculty of Fisheries
Hokkaido University.
Water and cooling bath were covered by styrofoam
board to keep the stable water temperature.
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Fig.3 Summary of experimental method for temperature-salinity combinations.

Table 1 The conditions and results of the experiments to find the relation between saffron cod hatching and temperature
salinity relationships. Salinity was measured by hydrometer.

Acclimated Acclimated No. of No. of Integrated  Days for 50% hatch
Sample & Stage Temp. Sal.(%o) eggs hatching hatching from acclimation
(range) rate(%) (from fertilization)
Sample A 33.7 417 131 314 34(96)
v -1.3 19.7 407 249 61.8 47(109)
(-1.7~-0.4) 9.4 391 1 0.3 -
34.4 406 317 78.1 13(75)
v 1.3 34.2 360 311 86.4 14(76)
(0.8~2.4) 22.5 442 334 75.6 13(75)
12.0 404 334 82.7 15(77)
329 417 304 72.9 8(70)
v 33 324 435 409 94.0 6(68)
(2.0~4.7) 20.8 411 74 18.0 8(70)
11.7 403 271 67.2 7(69)
Sample B 33.8 424 2 0.5 -
33.6 399 116 29.1 38(96)
Vv~V -1.3 19.4 417 212 50.8 58(114)
(-1.7~-0.4) 20.3 395 256 64.8 49(105)
10.3 430 323 75.1 43(109)
34.8 415 134 323 21(77)
33.2 394 213 54.1 21(77)
Vv~V 1.3 22.0 415 186 44.8 22(78)
(0.8~2.4) 21.2 405 129 31.9 21(77)
11.6 432 225 52.1 22(78)
25 429 0 0 -
334 406 267 65.8 14(70)
33.7 398 182 45.7 14(70)
Vv~V 33 21.4 451 232 51.4 14(70)
(2.4~4.7) 21.1 408 276 67.6 16(72)
11.2 403 225 55.8 14(70)

2.3 410 0 0 -
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Fig.4 Photograph of 1L beakers in cooling bath. Liquid in
cooling bath is automobile engine coolant.
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Fig.5 Basket used for incubation experiment at Lake
Saroma.
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Fig.6 Sampling method of fertilized eggs sucked up by
aeration in a suction hose.
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D: 50% 51287 0
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Table 2 Summary of hatching and temperature for 50%
hatching. Salinity was measured by hydrometer.

Experimental Mean temp. from Salinit Days for
o fertization to 50% %0 Yo 50%
hatching ” hatching
-1.3 33.7 96
This stud:
. 1.3 33.6 96
-0.2 80
-0.4 72
0.3 73
0.0 76
Chen et al. 0.0 32.0~ 73
2018 ' 34.0
2.0 50
2.0 55
4.0 39
4.0 43
4.0C 2 0.0°C -1.3C
Vi
v
v @ : Chen et al., 2018
x A : This study
I 32~35%
I
0 2 3 40 S 60 70 8 9 100
Days after fertilization
Fig.7 Relation between the embryonic developmental stages
and the days after fertilization at different temperature
conditions at 32~35%.. stage I : Gastrula, II
Appearance of optic vesicle, Il : Embryo at the yolk
circumference, IV : Appearance of pigments, V :
Head height as the radius of egg, VI : 1st hatching, VI
: 50% hatching, Salinity was measured by hydrometer.
100
D=75.06e-017
D : Days for 50% hatching
_g T : Water temperature
H r=0.965
E ® : Chenetfal.. 2018
* . A : This study
3 32~35%0
]
3 %
3
]
2
a

-1 0 1 2 3 4
Water temp('C)

Fig.8 Relation between water temperature and time in days
required for 50% hatching.
Salinity was measured by hydrometer.
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Fig.9 Larvae just after hatching, which was triggered with

increasing temperature by strong light under

microscope.
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Fig.10 Changes in the size of yolk sac with the lapse of time
after hatching at 1 and 3C and at 32~35%o. Salinity
was measured by hydrometer.
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Fig.11 The hatching process of eggs incubated at a constant condition (below 0C , 32~35%o) to higher temperature or lower
salinities. The each arrow line and broken arrow line indicate temperature and salinity acclimation. The eggs were about
stage V (A) and stage IV(B) when acclimated. * :No acclimation. Numbers in the parenthesis indicate incubation days.

Salinity was measured by hydrometer.
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Fig.12 Comparison between hatching rates of “A” eggs and
“B” eggs within the same temperature-salinity
conditions. Salinity was measured by hydrometer.
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Fig.13 Daily changes of temperature and salinity in Lake Saroma from Dec.1987 to Apr.1988.
Dots indicate investigation of artificially fertilized eggs.
1: Setting of the baskets and transplantation. 2 and 3:Sampling from the basket and bottom. 4:The end of the

investigation. Salinity was measured by electric conductivity.

Witk X 24T o 72 (Fig.1) OJEREIE, AHEIICIE
W TF ORI, st1TIEHR 0.5~ 1.0mmo ¥k fb,

Table 3 Summary of the investigation carried out at Lake
Saroma in 1988.

st2TI13025~050mmD HFRB AT E A EZ EDTBY,
0.125mmPL F OB F LR 2V MEb T TH o 72,
Table 312, YO~ BRBE TIZBIT 200 %F KL
R L7

ZHRERA3~SIHHOIHZAICHIEEX, BEXUONAT v
M S REUTL 72001E, W NOFERERIZB W T IRME
DOESIIWEDLSAL Ld D, RIEOGERILLEDHE
ATWSL 7% E IMETEROE (stage V~V) (24124
LTwW/, 512, 3H24HIC—H B L 7290 (Ht%
66H H) Tlx, IRIBAEZEN IFIZTEEILEL WL AL,
stage VOOBEREIZEL Tz, BUKRD4H2TH (%
100H) (2iE, NA7 v AR LIZIIFMb RS
2772 (Table 3),
YOVHEESC AR -V VEREICH TS I~ 1 EIER
DHEE  FEHGH & o ~<ifih S48 5 - iEw Iz 2w,
W D BN % AV S Tz BEBUH O MEd6EIA D 9 b,
LHITHIZIZIZ2/3 055230 - BRI CTh -7, —T7, 67
Bk zZM~<7Z1A18H O u <l TIARAL 0 L DH%
<, SR - BOMERIE DT TH o7 DD B, KK
oMK, BREIVNS VOO RBEEE AR LT
(Fig.14), 1H11H25 26H £ TOMM T ICER D720
DPBRELAT o T2AER, TR TOREEARD HIZ5EHR

A:transplantation, B:incubation baskets

Method Measured Percentof Datesof Incubation Observed
and st. materials fertilization  testing  period(day) stage
Not Not
A-1(st.1) Jan.13-Mar.3 51 stage IV~V
measured measured
A-2(st.2) 311 84.1 Jan.21-Mar.3 43 stage IV~V
B-1(st.2) 375 88.3 Jan.16-Mar.3 48 stage IV~V
B-2(st.2) 341 86.9  Jan.19-Mar.24 66 stage V
Eggs or larvae
B-2(st.2) Jan.19-Apr.27 100

were not found
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FHROFHE, 2512, INBEBNOINIER 4 2l ED
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R Lake Notoro Jan.11

Lake Saroma Jan.18

Fig.14 Matured ratio of saffron cod captured from Lake
Notoro and Lake Saroma in 1988. I M:Immature
stage, M:Mauration stage, R:Ripe stage, S:Spent
stage.
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Multiplex PCR-based molecular identification of Ammodytes species (Perciformes: Ammodytidae) caught in

northern Sea of Japan, Hokkaido, Japan
Yoko GOTO™, YosHiaki KAT?, TakaNort HORIMOTO', Kenyt SAKAGUCHT and Tapasui MISAKA'
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* Maizuru Fisheries Research Station, Field Science Education and Research Center, Kyoto University,
Maizuru, Kyoto 625-0086,
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Japanese sand lances (Ammodytes spp.) are among the most important fish resources around northern Hokkaido. In this
region, three sand lance species (western sand lance A. japonicus, Arctic sand lance 4. hexapterus, and peaceful sand lance 4.
heian) are known to be sympatrically distributed. Therefore, to accurately evaluate the status of resource distribution of this
genus, it is necessary to thoroughly understand their distributional characteristics. In this study, using multiplex PCR, which
can easily identify species, as indicated in previous studies, an easier and more rapid method of identifying species belonging
to this genus was developed. Using this method, the western and Arctic sand lances could be easily differentiated. However,
the precise identification of peaceful sand lance species was slightly difficult with this technique. This technique was shown
to be useful for initially screening the species from samples. This study suggested that for understanding the distributional

characteristics of these species in Hokkaido, detailed sampling of each area in each season is necessary.

¥ —7 — N A #F TAmmodytes japonicus, * 4+ A 71 TA. heian, X % A 71 F TA. hexapterus, FEH]}],
< WVF 7L v 7 APCREE

b v B WA BT A A TR A ZE (Ammodytes 1, 2004),
spp) &, SRAMFIHGR T AR O &M, R - AR L2» LiE4E, Orr et al. (2015) 12 & 2 BRACTEAL BT B
JE Bl T e, R G s CHE f S e T BRI 345 5 4 B THOIERES: - 7 FHEW 0T
SN, FHWIHICBITAERELKEFRRE 2oTnb (2 FRIC LY, SEAEBEI IR O I A, A4 A B )
B, 2010 : [{AS, 2017 ; £, 2017) TNFET, F T <A heian) D5AiTH Z EHNHAL P E R oFz, D
BB AT 24 TEMAFIIE A7+ T BEWFHM 2 AT ) 720121, TN B3O 55 AR Rk o
(4. japonicus) BLUF ¥ A 1 F T (A hexapterus) & & ?E?Eﬁ‘%?&“(“f)%ﬁ‘ MVEBIERE L X A 358 o # I 1 IR e

WZENLDNA T )y FAFEET 2 & & (H, LENTwb (Orr eral, 2015), H2E - £ (2016) B
2004), ZHSIIFEFEHICREL CGRESNL Z L0 5, X U'Tanaka er al. (2016)1%, I b =2 K 7DNADCOI
FICH AW OIRD S22 s T &z (H FIRIC BT BIERERINER L, TN~ T 7Ly

HOCHAS57 (20184F 1 H15H 52 HE)
*Tel: 0162-32-7166. Fax: 0162-32-7171. E-mail: goto-yoko@hro.orjp



82  fREER, T, WEEZRS, WA, WORE, IR

Table 1 List of primer pairs used in this study
Primer name Sequence 5'-3' Eroduct Reference
size (bp)
AmjpnF GTACGGCTCACACAAATAAAGGTCTT about 500 Kai & Misaka (2016)
AmhexF AGGGTGGGAGGAGTCAAAAGGTC about 300 Kai & Misaka (2016)
Reverse GGCACCCTTTATCTAGTATT Orr et al. (2015)
L-M-12S ACAAACTGGGATTAGATACCCCACTATGCC 152 Matsui et al. (2012)
H-A-16S GTTTTTGGTAAACACGCGAGGCTTATGTTTGCCC ’ Matsui et al. (2012)
F CTCCTGCAGGGTCAAAGAAG 638 Orr et al. (2015)
R GGCACCCTTTATCTAGTATT Orr et al. (2015)

2 APCR{F:, PCR-RFLP#:Z X - C, HEEFH O fFF7E)S
R A 5 THEOFEH B % S L7z,

— gLz, EIEEHE O 72 0 1 E SO WSEIIEA % A1)
HET 2 EBUETHY, ifFEDO A 7+ TI/AEFHIZ
DOV CHEMTRU EOAEWMENTHhIL TS (K,
2016 ; I, 2017), ZD 7%, ZHIEAROFH B % 4T
AL, LD - IR RE R TR E L v,
BHEE . 537 (2016) Tlix, DNAfIHEF v M2 W5 2
LA XD HEICHRDNAO I % 4T o TV 5 7%, Tanaka
et al. (2016) TlZTruett et al. (2000) |12 X 2 HotSHOT: 12
O MM DT A 2 — PP (Tanaka et al, 2014)
W, BDNAZIIH T2 2 L EBE2IToTWwW5,
L7 L, Tanaka et al. (2016) T47 4 1L 72PCR-RFLP{: T
&, 01 - 21%REREE, A F T A4 A 05 THHBIT
ERVNTOUY A TPFET DI EIIRENT, £ T
RWFZETIE, fEE Ol 2 FH Bl oy % HIg L,
M 25054 L2 kB XL UDNAD ST
b4 — NREICLD, v VT T L v 2 APCRED
BRI BET L7z,

ARRUAE

DNAFS S H = DA&ET
1. HEEAR HEE - 5201601280, HoEALOE
FERFNCFED EFAVH B STV B, 20154F ISRk
ZBWTHESI NI A DT T, ¥4 FTBLOA A
AhFTOLY ) — VIEFEAR ZH\v, HDNADE S
R IO WTRRE L 72,
2. Y TIEREE KV T4 732 bu— L HEDNA
DFHHIIZ1X, DNeasy Blood & Tissue Kit (QIAGEN#T:#2)
v, 70 b a2V IZHEFEINEFIN20-50ugDAEDNA %
572,

P TVIETFIEE &AL 72T HEME 2
ZEARHMEL, 1 WHH10mg, 2 WHF10-50mg %
TNH)BERCERL72b02MH L7z, HE2WTiE,

WH & BRECLPBSIC C2[IEE LTy / — v xBrdE L
Tt REVFAF—ICL)FETEIAT BT,
2125w CiE, WA I250mM NaOH 180ul ZiEmMmL, oK
VT 7 2 THEERR, 85F 721395 C o Ty s v —%
—2TI050 A v F 22— b L7 HIRTICIM Tris -
HCI (pH 80) 20z L, FIT v 7 A THFEE,
12,000rpm |2 TS5 L, L{E (MIDNA) 27> 7L
— b & L7, BRFFEE, Takarattic L b7 Vv— K4 o7
Vs DT At — I (http://lifescience toyobo.
cojp/user_data/pdf/products/KFX-201 pdf : 2017410 H 27
H) 3 X UfTanaka ef al. (2014) |ZHEHL 1 7>,

PCRIH7IA~—E, AW FITBLOF YA HFTZ
NENIFERN R 7T 4 ~— (F2E - EI, 2016) &R
Vr4T7ariu— VABELEL =N LT T A~
— (Matsui et al, 2012) % ffiffl L7z (Table 1), < F
7Ly 7 APCRDEENE, WEE - I (2016) (ZHLL,
DFomh & Lize HUSTEDOHBE, 1.OWODNAE K
FREAREYFA X LA EE, 50u0 KAPA2G
Robust HS ReadyMix with dye (KAPA BIOSYSTEMS#t),
SpmollZ F#E L 7% 77 4 ¥ — (£05uDAmjpnF &
AmhexF, 1.0uld 1) )N— A2 75 4 < —[Orr et al, 2015],
#£05uDL-M-12S X H-A-16S) & L, 10ploi@fhiK %
Nz CH#em % 10ul & L 72, Eppendorfft#PCR~ X ¥ — 4
4 2 —nexus gradient |2 X 5PCREAF1E, 94T 557D #
LR, 94T 1588, 58T 1580, 72T 308 %304 1 27 v
&L, wBRICT2TC 15 oMEE T 72, 55N 7-PCRE
WZ15% TBET Aid— AZ )V (Zv KoY — %k
Agarose S) (ZGelRed (Biotiumfl) % 100mld 7= V) Sulis
mL7-b 0% H L C, TBEEEIEIZL ) ESKE)L,
B O NI REN S 2 Bl L7z,

BEY OFEHRNE DS

1. AROPRE 20164F48 225 11H T T, dbifEED
A7 F TREOZEMTH L HEE RS (R4
A, A (RIS, RIS B,



Table 2 Specimens of Ammodytes species examined in this study, caught in 2016

A 715 TR SO HERH 1)

Sampling group  Date Fishing type Nsuarrr;bp?;:f /\I\;i;iﬁe(::)y + ?::;;:}?;?
Sea of Japan
South Shiribeshi (Shimamaki) min. max
13-Apr scoop net 50 19.1 3.8 12 25
6-May lift net 50 314 6.6 16 45
23-May lift net 50 317 23 26 38
North Shiribeshi (Yoichi)
2-May lift net 50 404 3.6 30 47
Rishiri Island
23-Apr dip net 50 183.1 11.3 161 206
19-May dip net 50 2094 111 190 243
Sea of Okhotsk
Soya Strait (Off the east of Cape Soya)
23-May sledge net 1 166
3-Jun otter trawl 50 216.4 194 181 260
12-Jul oftter trawl 50 193.2 144 158 216
8-Aug otter trawl 50 199.9 164 176 267
Sarufutsu
Mar. total
18-Mar scallop beam trawl 2 43 166.2 16.9 124 198
23-Mar scallop beam trawl 6
24-Mar scallop beam trawl 2
25-Mar scallop beam trawl 11
26-Mar scallop beam trawl 11
27-Mar scallop beam trawl 9
28-Mar scallop beam trawl 2
Apr. total
20-Apr scallop beam trawl 2 2 1215 21 120 123
May total
6-May scallop beam trawl 1 14 175.9 191 157 224
16-May scallop beam trawl 2
20-May scallop beam trawl 1
21-May scallop beam trawl 4
23-May scallop beam trawl 7
Jun. total
4-Jun scallop beam trawl 7 29 1743 18.7 128 212
6-Jun scallop beam trawl 4
7-Jun scallop beam trawl 1
8-Jun scallop beam trawl 6
14-Jun scallop beam trawl 1
15-Jun scallop beam trawl 1
29-Jun scallop beam trawl 9
Jul. total
6-Jul scallop beam trawl 10 39 1742 26.0 82 203
21-Jul scallop beam trawl 29
19-Sep scallop beam trawl 28 28 161.3 182 125 198
3-Nov scallop beam trawl 22 22 148.7 294 93 185
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43°

Fig.1
Ammodytes spp.
Y sampling site

WU AR R, B X ORI A (Fig. 1) 128
WCHE S 7oA 1 T8 629 AR 2 FEBRIZ A L 72
(Table 2),

PELFHE O B, FIGLE, HIAB & ORREEE
U O —FEARIZOWTIL, (BRI ER: F TR AR
L, WERTISHEIRIC TR L 720 &E (il - B
DRFHZOVWTIE, FYVILVFXY Y N-TAHAKER
0.0ImmEAL TEHIGE, EHICE&HET0% 5 / — VI
THIRRA Lz ZOMiEsosEHc o TiE, ER
% FHWCImmEAL CAKE 2RI, fHRA MEEICD
E2gMBIHELL, 999% T % / — )VHIZ TN TF
R L 720
2. BEYOBHFEDKRE  Hil ODNAM S LD
BEHERZH T 2, S EE R T g S
72 1% 5048 14 |12 © W T, DNeasy Blood & Tissue Kit
(QIAGEN#E) |2 X b #DNAZ i L, FI310 - 50mg
BEOHEHIOWTT VI UV ERIZL T 1 & — M
#7570 HBDNAIZOWTIE, M T-20CI2TH
L L, 74— FEHZOWTIL, SHREE T
4CICTHREL . TN S DPCREA: B & OkEIEIZD
WTIE, AilDEBY) TH D,

WDNAZ T 7L —heLHBDY b, WER
INY RS NI o 72EARIZOWT, Orr etal. (2015)
BLOHE - £ (2016) 12fEVy, EILRY OfF A 1T
W, FEEPGE L7, FOBOEME, UTomEy & Lz,
Orretal. (2015) 2K Y EFISN2TIA4~—%2FHL
(Table 2), COIfH 38638bp % PCR: (2 L 0 B ME L 72,
DNAF > 7L — MZ1.0ul, Spmol 77 A < —#1.0ul, 5.0ul

@ KAPA2G Robust HS ReadyMix with dyelZ # fifi 7K %
20uln 2, #mAziopls L7z, PCRESIE, 94T TS
Bt 94T 158, 62°C 15, 72T 308 %304 1 ~
W, T2C T OMELITo 72, 145 1L7-PCREWY %
ExoSAP-IT (Affymetrix) % A>T 70 b 2V IZHEVHE
#1 1, BigDye Terminator vl.1 Cycle Sequencing Kit (7
754 KN4 F T A7 LX) EDNAY —/7 > — (310
Genetic Analyzer, 7 75 4 NNAF T A7 LX) = Hw
THREEMLY % P58 L 720 MEGA 7 (Kumar et al,, 2016) %
P> CTamura and Nei (1993) OfEEE% K&, FTHks 4
¥ (Saitou and Nei, 1987) 2 & 0 RHM % HEE L 72,
ZEOEBIEE ORI, A7 VT XL Effis 7z
1000 DY K LICK DT — A LT v Tk
(Felsenstein, 1985) # W\ 7zo o2k x b L 12,
ARWFZETHW 2RI D W TR 2 72 L 720

A JE AL B B i OFE B SRRSO
W, 4 t— MNP X o THit L 72HDNA% PCR
AT L, K HLOWIEY) & B L 720 PCREA:B & UMk
FEIZoOWTIE, FiBoEB) THS,

LS

DNAFH 5 3l i O ¥t DNeasy Blood & Tissue Kit
W& DI L 7-4DNA, AR B X UNT A & — Mgk
12 & 2 HIDNA% k& L 72PCROFE S, HDNAZ D W
Tid, HET @IS NY FAES N2 LR S
n, RVF47aryra— Ve LCHFTEETHL L
MR ENT (Fig.2)o 72, 74 t— FilEHIDNAIZD
WCh, KYVF 4 7ar ba— e RBEOERDES N
7205, WHHSLD% AL 27 hPCRIZOWTIE, DNAD
HIEAFERE S N b o 72 (Fig.2)o

WA ORI B OME SR AR B I8 00 6 T 1
RIZDOWT, T4 &— MHEETIZL Y L L 7-fHDNA
DINVF T L 7 APCREE K %, #EDNAFILIZ X %4
REWEL72E 2 A, WFFEB TR FIAR RS —3
L72b o, @503k 30k CTHh 572 (60%). F 7z,
WERDB—F L o722, b L IS HBITE Do
7220ff K1k, HINE T4 0 TBLOFR YA H ) TF
NWENORFERE N FALEIZN Y RS N2 DT
Hotz (Fig.3)e INHIZZZN—F VLTI 3=k
LNV RERI L TalEN Ens, 72— v 7
BT LIRS OWREESE 2 bz, 22T,
PCRIZ BT 2 HA OB RIRIE %93 - 95C D120.1TC
FTOL S TEENL, TSRS 71 o
¥ FPCR%Z 4T 7278, fEREFEHTH o720 T2, T
TL— FOEEIZOWT, 2 - 10fEETHBRL, Fh?



Homogenized Alkaline lysate

Sample type total DNA muscle muscle ‘

\ T \
M Aj Ahx Ahi Aj Ahx Ahi Aj Ahx Ahi N
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300 bp=

Fig.2 Multiplex PCR amplification of DNA from three
Ammodytes species, A. Japonicus: Aj, A. hexapterus:
Ahx, and A. heian: Ahi. M: molecular—weight size
marker for total DNA (isolated from muscles using a
kit), homogenized muscles (muscle samples were
homogenized manually), alkaline muscle lysate (crude
DNA from muscle lysates was extracted with
hydroxide and Tris-HCI), N: negative control (UPDW).

M Ahi Ahi Ahi N

1k bp »
500 bp
300 bp »

Fig.3 Multiplex PCR of DNA from

amplification
Ammodytes heian ( Ahi) showing two nonspecific
bands. M: molecular—weight size marker, N: negative
control (UPDW). Species identification for these
samples was performed by sequencing.

NPCREAT o 7278, KBRS RIIFERTH o720 £ 2T,
WDNA% 7~ 7L — b & L72PCRIZB W T B E M
R2ROINY PR ENTTEEFIZOWT, =7 A
W& BREFATEZT MR, IholeTrHr A n+a

A 7 F TRAHHOTEHF 85

—— FAKU138741

FAKU138786
FAKU1387E80
FAKU138746
+— FAKLU138756
FAKU138777
FAKU138748
FAKU138754
FAKU1387E5

X
FAKU138753

FAKU138781
FAKU138TE7

Ammodytes
heian

| FAKU138784
| Faku13a788
L Faku138742
FAKU138745
FAKU138755
99 | 53| FAKU136757

*

FAKU138751

99 [{ FAKU138748

Ammodytes

FAKU138750
hexapterus

67|FAKLI138752

FAKL138790

FAKL138747
99 |  Faku13a743
FAKL138744
64| FAKU1387TB
FAKU138779

FAKU138783
0.010 FAKU138789

Ammodytes
Jjaponicus

Fig.4 Trees constructed using the neighbor-joining method
( Saitou and Nei, 1987) based on sequences of

Ammodytes spp. Numbers on branches indicate

bootstrap support. FAKU13****: specimen registered
by Kai and Misaka (2016), : unidentified samples
analyzed by multiplex PCR

Thot (Fig.d)o 512, 4 b—  HEREOT ~
7L — b EBHOKIC AL, FRICPCRE TS 72
LA, FEAEDHERD I I A S F TOHEY Y —
R L7z,
WHEDOFFANF T A TOUE T — 2 DAk, N
YRR LIR2RASNbDE A A HF
a7 LEFLWA, MFEIIBIT RIS T L
720

EEALEAREEIC S T 2 BB OEHR e
WT, FA4t— MHEIZLLHMDNAZ 7 T L — k&
L 72PCRIZ X ) HH B % 17 - 72, PCRIZZ N2 aitp
WZOWC2EPLESER L, [ UARMI2EL EES7z)
DO EFEHPRERE LT L7ze T4 & — MREHENC
DWTIE, HONIDNAREN—ETHEWVWI EN5,
MR EERF AT ) BB D o 720 FEER2[E D A THAHE
B L 7oL, ae29fi ki, 229MEfk (364%) Ta -
7z (Table 3), FERNICADLE, A B FTBIOFIA D
FICIE, FOMEE F T4 DL KA L AR,
ZhEn4sfifk (18.1%), 2Mik (95%) & khoiz
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Table 3 Number of times of experiment conduction to
identify Ammodytes spp. N: number of identified
species among the three Ammodytes spp. When the
same result was obtained more than twice in the
experiments with each sample, the species was

determined.
Experiment . A . un
times A. Japonicus hexapterus A. heian identified
N % N % N % N
2 137 51.7 9 429 83 244
3 80 30.2 10 476 112 329
=4 48 18.1 2 95 145 426 3
total 265 21 340 3
DR L, A A HF T TIRASEE (426%) & IEH

WCEholze ZTIUE, T4 A7 F TR KE) L 7B
2, AHFITBIOFY A5 F THEOMNEIZIERD
INY RISHROEND ZENEholzl llL b, 72, ff
HL7ZT 7 L= MIEENLDNAEDL LA S L

CEEho7z8micid, @I = N VLTI~
— (RYFq47arbu—N) (2L HHEELHREINE
W2 EDEholze TNHIZOWTIE, Ty 7 L— M
BERFEEL, R T4 73y bu— I Ufii&ElZ/Ny Fofs
LENZHDIZDONT, T FAHFTEREL, Bk
I, BRI SERRE D R LT IR RE TS - 721k
IZDOWTIL, HMDNAZ M L CRMOERTYITH 2 &
THHBNZE 720 INHIFETEHI A I FTTHo72,
F o HEREEO D BIEKICOWT, RIS
holzlebd Y, FEIANE Lo ES 2
Do 72,

SRR A - TE265 K, F 7 A A TIX21EE,
T A A A F TIE340ER T, A A A D F TR RDE -
72 (Table 3, 4), #EEHIZADL L, ¥ A7 FTEA
K= 7 HOFERHREL B L ORI A e A5
NIERPLOAMB L, OAREORER - LB LY
FIABEOERP SITHI L 2 h > 72 (Table 4), HER
HTix, SHOHICHEONERTIX, 41 7F T (34%)
E0AFAHFT (67%) B oTlh, NI Ok
WIZRBETH - /oo BEILTTIEA 77T (22%) &
DEF AN FINEho7 (18%). FIRETHL L
BEARIZOWTIE, 4HERTIE, A7+ T (30%) &1
FTFA AT T (10%) DFNEho7h, SHERTIE
R TH - 720 FEEREERESIC O WL, MEfko
ALEonlero75H xRS, HBRNI3ED BV
WELY, X5 A D F TR OFERP L ORI L 72 (8
%)o FT72, SHOERTIX, 47 FTOEEHT8% &
Mo 720 SR A RIS OV TIE, AR % &
CCHFADFITOHNA N F T L) S NMEADND - 7z
B, OFICHIE S NERIZDOVWTIE, ¥4 A4 FTH

Table 4 Number of identified Ammodytes species using

multiplex PCR
) Result of species identification
Sampling Date/Month Number of " A.p .
area samples ) A. hejan
Japonicus  hexapteru identified
Sea of Japan
South Shiribeshi (Shimamaki)
13-Apr 50 22 25 3
6-May 50 17 33
23-May 50 27 23
North Shiribeshi (Yoichi)
2-May 50 11 39
Rishiri Island
23-Apr 50 15 35
19-May 50 25 25
Sea of Okhotsk
Soya Strait (Off the east of Cape Soya)
23-May 1 1
3-Jun 50 29 4 17
12-Jul 50 27 23
8-Aug 50 39 11
Sarufutsu
Mar. 43 12 1 30
Apr. 2 2
May 14 4 11
Jun. 29 13 16
Jul. 39 11 4 24
Sep. 28 6 12 10
Nov. 22 7 15

< HBILZZ (428%)0 L72h3o T, E—iEHIcHB W
TSI NI OWT Y, SRESNHIZE - THE
R 5 2 E AR E NI,

£ 8

BEYMOBHREDKRS AR OKR, HDNAZ I
W22 eil, wVF T Ly 7 APCRIEIZ L) 51
W24 B F TE3FEE RGNS B TEIMET S Nsze R
T, TEEOMHRAL L R RIEMTIC K D, B2l &
ZEL 72\ EUR O BB K= SR O MR 2 BB TS I RE &
Bolze WA A FITBLPFI A A FTIZOWTIE,
WIELZEORF ZMHTAZ L2y, (ZIZEMIH
TAHIENNEETH o7, L72h > T, RFLPEIZB W
THEINTVBA D FTEL A A FTORIN
(Tanaka et al, 2016) &\ 7232 L EE) 5 2 & A5 T
5o F72, W (2004) 12X 2 HAHBIKIZHED W 7-FE
HPETIE, ¥4 D F T4 TOELIZLT A A F
I, AW FIARENENEEIND L ¥ A4 TOHRIHAH
HrEAPALNDL A - FER, BME. =, &
FZBWTIE, A DT TIEFENY BRSNS
DL L, HBDWREER G G0 %oz LrL, Z
D& BEEHIOWTIE, BRI L AR B L O
WDNAZ I L2k 27 v 7L — bt & Lzaoff
HPFER DS, ZEFFFA D FITHDEEZ SN
Lo T, RFEFEICELY A A F-T, 540573 [F
WETELIAA DT T L LTWRAZ ) —= v 7%



EITTEFEICATD S DT R E o 72,

HEME - LS OREI OV T, TRTKRE
50mmiZi 7z 2 WER (FEf) TH D, s idfko
—HBE IR L CERICH L7225, B MR EE&EAT
BY, BAEORRFHEEL F UM TIERIFRERTES
I otz BHE LTI A — MEFHEICE TN
LDNAE NIV ol ENEZ SN0,
PCREfOT ¥ 7L — b@ma2f5129 % % E@MERET S
VERH Y, BAICOVWTIEARFELZHVL I, &
DNAZ I L7205 258 L A A 2 M SIS W BT d 5 &
WS 7,
JeEEILEAFEEIC S T 2 REMOREHIR]  AWIZEOR
B HRRPERNIC X VMR 2 2 2 EAVRE NI,
BEMTER T, SH BN ERERE, [
HFTEF A D FTIXEIIER CHEETASND, I
S TEONERIL, A A A D FITHRAHFTEY
Lotz BE (2010) &, BEMAEEICE, BE
E S S 3 & T~ B 0 2 IS\ ANRE 0D T B 7 RE R 3
AR L, ALERHE & B Cl g S B fEE IR O
FEYR RS S B 7 B REE R B L TV %0 REFZEORE R
2o, NS ORI T AORME AR 5 HE
PN EZ bNiz, F72, SHEWOEARTIE, HEMT
WIS & P BRI L L 22 TR & e o> T 2
FILFHIHI O W TUE, EROADERTH 57290,
DB OFEHL L DV T BT 2 LR DH L, Nz
T, 2% (2010) 12X 2HEMHOSMEAMEB L ORI
DWW, FHBIRERE D EICHRE T A 2 & T, Wil
WACBT A GEEEEICOWT L0 SRR 2 2 &A%
WHEE Do

FILE B & ORI s TlE, RERHICL Y
TR AR 7 > Tz F72, ARBORE2LH1EF
AHFTRIHBET, A D FITBLOFFA 7T TOHM
WILDEALT D DORTH 572, FHA—2 7H#TIEFS
A5+ IHEEHBT 2D o 720 KGR 5,
WP OHEHE T B IRE I X W AR AL T 5 2 &
RENTze TOT EEE CHHINIZ BT b AL
BERLEIISCTE LT A2 R L TWE, ZD72
OGN IFAFAM R LRI SR 247 9 720 121%, B )
YT OEEETEDLRETELTLLEND D,

B @

BARDPEEIZER L, MEAEINASER RS, IR
EmFEME, ATEEER RS, BBRsER RS
SEATHLDOR BE BT AR AT A LT B & Ol X ok
JEHAT R AGEATENZANC L ) SR 5 T & -
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The concentration of Flavobacterium psychrophilum in the ovarian fluid of returning chum salmon (Short paper)

Makoto HATAKEYAMA*, Makoto FUIITWARA and SuiNyA MIZUNO

Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Eniwa, Hokkaido 061-1433,

Japan

We determined the concentration of Flavobacterium psychrophilum in the ovarian fluid of returning chum salmon that were

captured from 6 rivers in Hokkaido, Japan. The detection rate of the bacterium ranged from 28%-90% of the samples from

each river. The concentration found in each specimen was below 7 log CFU/mL. The incidence of specimens carrying a high

concentration of this bacterium tended to be low. We also examined the effects that different sample storage methods had on

the concentration of viable bacteria. Incubating samples at 4 °C for 24 h resulted in a reduction in bacterial concentration.

Freezing and thawing produced an approximately 90% reduction. These results indicate that bacterial counts based on CFU

may lead to underestimation depending on the method of specimen storage.

X —7— KW, %IKIR, Flavobacterium psychrophilum, RIPEWE, I G

Flavobacterium psychrophilum (Bernardet et al., 1996)
WSRO IEHE TH 5o ALY 7 BRI 2
Db THRIIEREMICRE L, HRTIREZ L oW 7 #
O, 7 2 Plecoglossus altivelis T b 733 % (Borg,
1960; Wakabayashi et al., 1994; Lorenzen et al., 1997; Izumi
and Aranishi, 2004) , Misaka and Suzuki (2007) (% 4t i
BN DI r Oncorhynchus ketaD JFE M 2 AL, D
TKIEHL A B F psychrophilum Y@\ HES D Z & 24
H1LTwb, F72, Hatakeyama et al. (2013) &, dbifg
EBR D @& Nz L 728 L 2 o aiEisk oft
HHRED D, [ CEIEFILDF psychrophilum?™ &= 255 HE
SNz s, TS PO TARRE B S A
EE L7 EEA D 2 L L T\ b, Yo BN
BAOBKIREGL Y DI F 2 7rO. kisutch, <
A ) A O. tshawytscha, KVUFEES 7 Salmo salar CHsH%
HY, TNOLOBRGHMEIDESNIN, Wie AT
L7258, LIELIZIREESEZ 2L SNTwD
(Brown et al., 1997; Taylor, 2004; Cipriano, 2005), Z L5

OFEE, b ENOY rEEEEICBNTL, F psy-
chrophilum D YR EG D fEEIEIITBEETE R WT & %2R
WL T\ 5%, F psychrophilum O IEG DT DT
X, =V Y R0 mykissm 72D S, RE D2 HG I
HHVIIBOKFFIZIIM L W RAL, IREAZHET S 2
L KRNI AR E BB SN TV % (Kumagai
and Nawata, 2010a) . = OIINIEG 2 HERE, SR L OF
psychrophilum = HPEENBHWIZEERIRZ 5 L ST
W5 728 (Kumagai and Nawata, 2010a; /N5 5, 2010),
WEBL S DARIPE P D LE R FEDSINNIE S D ) A 7 & E 5
5 LETHERELEZ SNLA, I TICIEEN O
o B DRI R D A TR A B L 7o R v,
F 72, WEARREIRRAEIC BT, Bl ToRBHREL
B EEREE TOMAE £ TIZHREIC & 2 8RH 2D 2
Yitr, WD B \EHAEFEOM 5 H o J5 i TR & RAT
A5 LR DH, FIHERORENEE HyE L7z
AT, BEORIEEREEIRIEICS 2 5 8%
PR 2 WENH D, 2T, RHFZETIF20124E, 2013

HOCH7ASS8 (20184E 1 H15H %2#)

*Tel: 0123-32-2135. Fax: 0123-34-7233. Email: hatakeyama-makoto@hro.or jp
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EIZERNOG I THRES N, MBI THEES AT
72 BB A it SRR R O F psychrophilum T I
JERBIE L, &bETHIED 720 DEE R G AR e
P OERIEEIZE 2 B BB OV TN 2 % 1T -
726

MHE L UHE

Y 4 38 B DR RE & TR DF. psychrophilum™ &2

20124F 3 X U20134F, JuiEEN o6 I TS, £
NZENOR LS TERE IR TV 7 g A 2 5 %12,
TKIER B O F. psychrophilum A=W i % J15E L 720 ARRETR
W1 I & 72 1) 6018 4 2> & 8 /A& B 12, Yoshimizu et al.
(1985) OFFIHECERICL, FEERE (217 F5 - K
MK By, JbilpEEET) £ TIEEEK (4 ° 0
THiik L7z Z 0%, HIERIT IR CRib A AR
KTLIOREREE A ML, S MI0 pLeLESH A 7 7 —
7% KB # (Wakabayashi and Egusa, 1974) 23 F L,
15 ° CTTHMKF R L7zo HBUC THBEIRER T E 725
WEo#Eoaun=—x, 774 ~—PSY-GIFB LU
PSY-GIR% I\ 72PCR#: (Izumi and Wakabayashi, 2000)
XD fifEo o= —2RAL L7z b, ER AR
L au = —¥h S F psychrophilum™: T i B % 152 L 72
(B R 5L 3 log CFU/mL)

RIFAHEDF. psychrophilumEEEEICEZ 2828 &
B, SRS DI  ARIE T DF. psychrophilum i 125
ZBHEEIZONWT, KDOEBY OFEREEZIT-720 F psy-
chrophilumtZ #& ¥k (NCIMB1947) %300 mLO = 7 5
2 a%Mv, 30 mLOWZEY A + 7 7 — FiaE (5
MEEREE M DIER B -M) <15 ° C, SHMIRE
B 7. BTk, 4°C, 8000 x gTI04M, .05
BEL, REOWMAEEZRR 2, RS LTEs N
PRI AR P K IS O L7205, 4° C, 8,000
X gCOABEL, EEOAEHKEZRVZ, Zhb
OFEFEICL DG L2HRIE AT L7405 —(CR
TH A X045 um) & FVIEEBE L 72 R (20
kg7 —n) IC8EL, BBHOWKE L. 2o
WX A58 O A TR I % AR DM A & [ AR 5 Cilll
ETHEEDIZ, 15 mLOF 22— 7121 mI$D05E L
4°CTHR, HLVIEIFIATAALTHE Lo &
FORBED HEIL2, 4, 6, 24, 48MEHIZ IR & [HEED
TECHEREESNE Lz, FI4 74 A LT L
WL, 48FFMI I B CHANE L7z, 2 Ol & Tk
a8 L UMY R L, NN
A TR RS % AR L3RI E L 72

fERBLUER

A RS O F. psychrophilum . BRI E 12 DW T,
AR R L L7261l (A, B, C, D, E F) (2875 EIER
BRIH, b T TOBB L Z0EERN, F
psychrophilum @ ¥ 113 % Table 112 7R o AR E i PRI A
LR T COWREERIL, 44, 6, 30K o72, &
O O 7 MEB A D 5 §20124E £ 20134E O W 4 CTF
psychrophilumDSHH SNTEB Y, ZFOMHEIL28% 7 5
90% 725 7z DO EIE, 20124ET90.0%, 2013
EC883% &, M4EIL 6 I T b AR 5 A
5720 FREGER, 7115 00 H L O #8437 % Fig. 1
IR T o WD EREREIZT log CFU/mLAT 725 726
SARBINZ IS 72 b DI S HBHE 38 h - 722, #*
RS, JTENC & B & 20124FFHL5 T IIDIC BV
T, 20134FERELG CTILIMIAB X N JIICIZB W T, 3
log CFU/mL%A & ) b4 log CFU/mL O B EE 758 2
5720 F72, 6 log CFU/mL% # 2 % i O K132012
AEERIU T ID &M JIE,  20134E R4 T 1B &
WD CTHERR S 172,

BRAF- D 72 & DR F HAMENE R R OF. psychrophilum
RTHIEREICE A 2 BIIOWTHREE L - EBE R %
Table 2127R 3o WIEAMEWETL H DF psychrophilumA: 15
TLEE\Z AT T HEIIOWT, 4 ° CT2ER A & 481 &
BL72HE, AWREID R L b E TIERE
SEAL U e o 7278, 24BE [ 14 CTILIMISSIEEE DOE4225%
12, ASBFI R CIIWISSIRZE DA% KT L7ze F72, 1K
B OFFERGE 2 E L ERTIE, K947 4RIk

Table 1 Relationships between the source river, date of
sampling, sample storage time, and rate of fish

found positive for F. psychrophilum

No. of positive

River* Sampling S.torage fish/No. of fish
date time** .
examined (%)
A 5 Oct. 2012 6h 35/60 (58.3)
16 Oct. 2013 6h 47/60 (78.3)
B 31 Oct. 2012 30h 25/60 (41.7)
29 Oct. 2013 30h 46/60 (76.7)
C  220ct.2012  4h 22/60 (36.7)
28 Oct. 2013 4h 45/60 (75.0)
D 25 Oct. 2012 4h 54/60 (90.0)
24 Oct. 2013 4h 53/60 (88.3)
E  220ct.2012  30h 34/60 (56.7)
21 Oct. 2013 30h 17/60 (28.3)

F 24 Oct. 2012 30h
22 Oct. 2013 30 h

25/60 (41.7)
27/60 (45.0)

*: Code of river where chum salmon were captured
™. Storage time at 4 ° C before examination (Approx.)
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T EVI)RERERI. HAEDEMICS 2 HEEIZD
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Fig.1 The frequency distribution of F  psychrophilum
concentration measured in the ovarian fluid of
returning chum salmon captured from the river. Black
and white columns indicate the results from 2012 and

2013, respectively.

Table 2 The effect of storage conditions on the concentra-
tion of £ psychrophilum in ovarian fluid

Concentration of

Storage condition F. psychrophilum

(log CFU/ml)
Incubation at 4 °C

Incubation time Oh 7.8
2h 7.8
4h 7.7
6h 7.8
24 h 7.2
48 h 6.4

Freezing and thawing*
Number of Cycles None 7.8
Once 6.8
Twice 5.6

*: Freezing on dry ice for 48 h followed by thawing
at room temperature
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L, WATOMEEZEHT 25812 200nThH, KEDE
A BEARAS B B 5 BRI OREREIIREE 2L, MR NYE oK
BRI L), MEOEFRIIRECE LD EER
bNb, SN, B CORIEROM S % /A7, D
L2 H DN O FER=E TomAErHE L, EBE e
L7278, RIS % PR 5 Sl 20 IRV O SO PR AT 12
OWTIEE L LBEPBELEZ NS,

E. psychrophilumiEE & JANEG DO BIRIZOWT, =
Y A% AW FEERTE, RO A REREEH6 log CFU/
mLPL FE OB S IR SRR S L, IREEWIEE
IIANEG T S =FICHR X 5 & ST\ b (Kumagai and
Nawata, 2010a) . F 72, 2EOFEHY; I TEBFICHE S
NTCW/io=IU~ A, T A~ ASalvelinus leucomaenis,
YW, %7 T < R0, masou, & A< AO. nerka® {4
EHITIE, BEBNCATGE, =V~ A, FoHr,
25~ ADERIEHH12126 log CFU/mL% #8 2 % A W ik
[ CF psychrophilumH S WERE S 7275, K2 DWW T,
EoMFETH4A5 log CFU/MLLL N TdHh o 72720, Fiih
DEFHIIANEGL I FS-3 A REME IR & E5RENT
W% (Kumagai and Nawata, 2011), AHFZEIZ B W T,
I O 4 [BR B TE psychrophilum7 S E 1
722 s, REIEILEBEOY 7K FAEL, Wi
|¥Kumagai and Nawata (2010a) A SIIPNIEG = fERE L 72
HEHIEECTH 56 log CFU/mL% A8 2. 5 18 & CHRIZE i
WZHAET D 2 b hrol, T2, G DMARNE 1
DF. psychrophilum =B 5: 2 % 50 BIZDOWTHRGEE L
7o EBAER DD, S oAt EN LN BT 54 7 [0
JEHAOLERREOREIZ BT, Bk 230k O
IR 2 B L 7R TR, RERIAE S O E O
W o T2 REVED D B o

EBOY 7 O NTEEIZB VT, BEOMRE,S
BoNIN%E —DORBNTEET 2 HEIFH ST
BY, SRIOARREOEE S (Fig. 1) 1@k H
RS ORERT2E/BLTH, %< D46 log CFU/
mL% T[0] % P02 % T CERABEESRE S L Tw»
HLEZOND, LML, BBOEBY, THHEOAR
IEFEATE T EIRN IR SR (IR IR G & 2T 72 sk IR/
EEREIN) EEvwE EINTWnSE Z A5 (Kumagai and
Nawata, 2010a), F psychrophilum® YN G\ IMERAY 72
HREEZ 5N, 6 log CFU/ML%E FELMEETH > T
b, FEBEZE b, MDA RE 2R\ 2 TN ARG A58
AL TORIRMEIRGRETE v T2, WIIDIXME
MRS RS E L, ARRBE S SWERzH 722
LS, IINEG O fERRPE L EN — A TIE 2 W REMEDS
Do /NES (2010) [ FRZHEINE SEPEIC & 0 P
5T LT, THEREIIRAT AR E WA S8, TIPS
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My, HIZRE CIINBRERZIIE T & 5 & O b
& A (Kumagai and Nawata, 2010b) . 452 bR OF
psychrophilum £ FE 2 JI5E L, HIRIZ ) R 7 % G
L, BEIS LT, INSBiBRFEZE 7 o NIk
FISHT 2 2 & TIFERN O r B dE I BT 51
AIFIE T OIF N EGE D fEftE TR & (AU TE 25 D
LEZHND,

B @

AWFEDFERIZH 720, JLEENOZEN ST £ 9
TEFEBROBRRISE R THIETHEE Lz, 2212
L CTESBILH L EFET,

51 A3k

Bernardet JF, Segers P, Vancanneyt M, Berthe F, Kersters K,
Vandamme P. Cutting a Gordian knot: emended classi-
fication and description of the genus Flavobacterium,
emended description of the family Flavobacteriaceae,
and proposal of Flavobacterium hydatis nom. nov. (ba-
sonym, Cytophaga aquatilis Strohl and Tait 1978). Int.J.
Syst. Microbiol. 1996; 46: 128-148.

Borg AF. Studies on myxobacteria associated with diseases
in salmonid fishes. Wildl. Dis. 1960; 8: 1-85.

Brown LL, Cox WT, Levine RP. Evidence that the causal
agent of bacterial cold-water disease Flavobacterium
psychrophilum is transmitted within salmonid eggs. Dis.
Aquat. Org. 1997; 29: 213-218.

Cipriano RC. Intraovum infection caused by Flavobacterium
psychrophilum among eggs from captive Atlantic salm-
on broodfish. J. Aquat. Anim. Health 2005; 17: 275-283.

NG =. AW O B 2B 5 2 ZEREDT 7L, IR R T2
27k 2012; 58: 1-7.

Hatakeyama M, Misaka N, Mizuno S, Koide N. Genotyping
of Flavobacterium psychrophilum isolated from chum
salmon Oncorhynchus keta in Hokkaido, Japan. Fish
Pathol. 2013; 48: 135-138.

Aranishi F.

Izumi S, Plasmid profiling of Japanese

Flavobacterium psychrophilum isolates. J. Aquat. Anim.
Health 2004; 16: 99-103.

Izumi S, Wakabayashi H. Sequencing of gyrB and their ap-
plication in the identification of Flavobacterium psy-
chrophilum by PCR. Fish Pathol. 2000; 35: 93-94.

ANEER, ANIEE, AR, FHARF. I 7 B
NIHERIC BT 2 2T BEINEE O BRE R A, K
Jili 2010; 58: 37-43.

Kumagai A, Nawata A. Mode of the intra-ovum infection of
Flavobacterium psychrophilum in salmonid eggs. Fish
Pathol. 2010a; 45: 31-36.

Kumagai A, Nawata A. Prevention of Flavobacterium psy-
chrophilum vertical transmission by iodophor treatment
of unfertilized eggs in salmonids. Fish Pathol. 2010b;
45: 164-168.

Kumagai A, Nawata A. Concentration of Flavobacterium
psychrophilum in the ovarian fluid and milt of cultured
salmonids. Fish Pathol. 2011; 46: 116-119.

Lorenzen E, Dalsgaard I, Bernardet JF. Characterization of
isolates of Flavobacterium psychrophilum associated
with cold-water disease or rainbow trout fry syndrome
I. phenotypic and genomic studies. Dis. Aquat. Org.
1997; 31: 197-208.

Misaka N, Suzuki K. Detection of Flavobacterium psy-
chrophilum in chum salmon Oncorhynchus keta and
virulence of isolated strains to salmonid fishes. Fish
Pathol. 2007; 42: 201-2009.

Taylor PW. Detection of Flavobacterium psychrophilum in
eggs and sexual fluids of Pacific salmonids by a poly-
merase chain reaction assay: implications for vertical
transmission of bacterial coldwater disease. J. Aquat.
Anim. Health 2004; 16: 104-108.

Wakabayashi H, Egusa S. Characteristics of myxobacteria
associated with some freshwater fish diseases in Japan.
Bull. Jap. Soc. Sci. Fish. 1974; 40: 751-757.

Wakabayashi H, Toyama T, lida T. A study on serotyping of
Cytophaga psychrophila isolated from fishes in Japan.
Fish pathol. 1994; 29: 101-104.

Yoshimizu M, Kimura T, Winton JR. An improved technique
for collecting reproductive fluid samples from salmonid
fishes. Prog. Fish-Cult. 1985; 47: 199-200.



JekE I 93, 93-98 (2018)
Sci. Rep. Hokkaido Fish. Res. Inst.

fIFBHEREAVEILBERRBICH TS Y ANt EBEHICET
EE (ER)

MUESRT, mEARR®, EH B, SEBZ

BB A S S P 7 - AKEKERRS
LB S M TAEAE P RKER RS
“EMMRFEREEANKERR - BEEILBEX KER R

Consideration on northward transport of juvenile chum salmon in the Sea of Japan off Hokkaido based on particle-

tracking experiments (Short paper)
Tatsuvya KOYAMA™, Akryosai SHINADA?, Hirosui KURODA?® and Yasuyukt MIYAKOSHT!

" Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Eniwa, Hokkaido 061-1433
* Central Fisheries Research Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555
* Hokkaido National Fisheries Research Institute, Japan Fisheries Research and Education Agency,

Kushiro, Hokkaido 085-0802, Japan

Using particle-tracking experiments, based on a high-resolution ocean model, we examined the northward transport of
juvenile chum salmon (Oncorhynchus keta), released into the Sea of Japan, by assuming that the particles represented juvenile
chum salmon, which were transported passively by ocean currents. The experiments were undertaken for the two brood year
classes of juvenile chum salmon; the 2009 brood year class released in the spring of 2010, which showed the lowest return
rate among the 2007 to 2010 brood year classes, and the 2007 brood year class released in the spring of 2008, which showed
the highest return rate. A remarkable difference in the distribution of the particles was observed between the two brood year
classes; i.e., for the 2009 class, particles were transported across a wider range in offshore waters, and the timing at which
particles were transported into the Okhotsk Sea through the Soya Strait was delayed. Moreover, the ambient sea water
temperature experienced by the particles was lower for the 2009 year class. These results indicated that the post-release
transport of juvenile chum salmon by ocean currents was remarkably different between the two years and it may contribute to

the low return rate of the 2009 class on the Sea of Japan side of Hokkaido.

F—T—= NG, L ERED, deiEE 0 A, R IBRREER

AbEE H AHES = O Y Oncorhynchus keta® i85 551
SBEDOIFIAG & A VAT O L > TIFk D 3%
EFEERE LTEETSH Y, RSO 7 &R ki
M 72K &, diE T AR gesss (DUY,
FEWE) ST F 9 - UKEKERERY Tld, HARmEOH 7
OEWEEZFEL CILIET 5720, 20104E 20 5 H AU
RO N ) O RE 5 THEEHBE A ZIT> T\ b
W5, FORMAELER L H\2007F4% 7> © 201048 0 [A])q 2
BafemE Lz 2, AL 724 TomlT20094E 0

HIFRENE L LA E W RSN UMLS
2017) o IO H 7 O [ IRV LT D Tl 2 7
& RN OBER S ERT L &b b A%, 200944 Tl
HARMER RO TR COMIITEFEE LTEDR D DR
HIFREICE EEoTwA I ERD, KRk HARED
NRERED T r DEXEV IR LW TH 72 £ 2
LOWEBRTHS 9o LA L, 2009FEED H AR D
A RENE ORI DWW CHHMER IR SN TB 5T,
COBFEBHOZENE AT 5 Z L dbiEE H AR WO

HOCE T AS59 (20184F 1 J15H ZHL)

*Tel: 0153-72-6141. Fax: 0153-72-5188. E-mail: koyama-tatsuya@hro.or jp
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TEBRNEICERLLDEEZOND,

PRSI O 55 r O E SRR & B
LHESONTWAI ENS (Healey , 1982 ; Bax, 1983 ;
Pearcy, 1992), # DB OMmEERE* £ v /15
CEDNEELEZOND, AR—Y ITHEEIASZD D
DU Z DWW TR L 7 HEfAYREER$ 2 I Ak
EBEBFLEFHOMIZ—EOMEES R WIS T3
(Nagata et al., 2017), L 7L, Nagata et al. (2017) I,
B D B DSHR N H ARHEIX IC DWW TR RKIR L Vv ) B
T 72 TR OB B b AR K & EST 5 0k
HELWERHL TWL, —F, 7 oRYRE s iR
WOBREZ IR L -E6b H 2505 OKERETIZEE
& —,2015), dbifEdE H RGO 7 EROLEZERIZEE
LRI F 2T LISV,

AR, WEETENE TV O W) 2RI L 72k F- B R IR
PEEANATONTB Y, BRI DT AT 2% & &R
EE LT, Z Ok RBokiEs b L — 2552
&C, WA SR O AR AR DO L B & IR IH S 2 LD
MADTTbNT WD, EFZERISENKENZE - #F
B s DOKBERFSERT (LU, dbkif) & i gt
TR SR 3 A W8 O ZK RE R IFZE A T B RS B A
M9 2720, [EREEIRERRE TV E v 7oRT
BR Y AT A OIKEWFEIIFE~OBA ] 1289 2 LR
ZexiT->CBY, dLHEEOR 4 2 SR EEY O A4 ER
HICE R RBEIE SN TS (5 - B, 2016), &
WIFE T, R ALEE Y T 7V O PR E % F v
7R TBBRERRICBWT, RT RV IR E AL
H A HE V2 Bl L 72 2 03 oAb R B b o 1 R f Rk
M S SIEBMED S F R — > 7 HENGE S B
R OMGEE % 17 - 720 B2, AAREOETOM)IITH
IR L L CTIEE 0 o 72200748 & V7 2o 72
20094E 52 D\ CTREE L 776

ME ERE

BFEZEOEEICBT 2 7 PHAOBEZ > 3 2
L—3ar$51lh7o CBMEEILEER T TV
DI E v 72k T B B S ER % 4T - 72 (Kuroda et al.,
2014) KL THBHR Y AT A DML B HWEE T IV,
JK BE B VE L T S A 7 AFRA-ROMS (Kuroda ef al.,
2017) % b B 00 (db#E38.49° A 54701°, HiF
138.89° 72 5 14821° D#HH) 123> T1/50° DIRFAE SR
TEEEIL L 72 E 7V, Kuroda et al. (2014) THIW
TPHREE T IV A HE L | T\ b, Kuroda efal. (2014) T
HAV7ZZET V00 OEFE NI, MRERSEICILAS L
TwpbZE, T/, HAOBENLRKGINIR M=

TEFIUDERE SN, #5100 kmbl E 22z 4 >
HHL S ZS B [ XFRA-ROMS O BHRATE 12 & D IBTE & T
WHZETHY, ZHICXDIbEERBICBITAH 4D
WA SN Do AUFZEOR T BRI 3 IR
JLHEER T TV O % iz b, K
FBEMZALRNE & B O L [FETFE TRISE L 720U
GRTBEEE Y AT ARFR L, R AT A 2GR,
BT OWIARLE L E, KIEB L R OSEBEE DK
Ex AT HZ LT, KT OMERCEBKEE BT 5
CENTRETH Do AWIETIX, KT %V 7 SfEf L A
7L, REEDAICIEEEKE T, SEIICEE S S L GE
LT, Witk dabblT 2l ABRORTAE
RIBER L7z, RO ASATE LCIE, dbiidE H AR
BB CHIBRM ISR Ye @ L, 7, o BE)I
&L TR 2 R B (#6505 ) 3 & ONil)ll
W TH L AW OM Sz 7V & L CGRE Lz, K
T-BIREERO BTG H H 122007458 & 2009458k A5 4 2
20084F & 20104E D AT BV TR EZ O HH % 17 - 724
HTaomH, 4H260 & L7z i8IS rHEf
W CHRE L2 e o BB UL LR 2 2 &
5 (Nagata et al., 2007 ; 7k - BHE 2013), FiTOFKA
Lk, AWIOFO»S 3 -8 RIS EL,
1/50° O K FEAE TR O X TH T2 BLiE T & 5 dbfE
432105° 7> 5432205°, H#%140.8395° 2 5 140.8495° D 5
X Z2 kmMU X E L, 676fD KT % I HIBE L 72,
IR B EEREIMIZ60H I & L7zo A ShHEf D KE
ZEREMNTETH S Z DS (Moulton, 1997), Fi1%
WIBLE OFEEIZ075mE L, $REF I OLEIT &3 —%E
KiEE BB T 5w CEBREIT - 720

HAED & 7 Ak — > 7 i~ Bl L 72k O 452 (TR
DEBPNTVDLEEEIZOWTESIHD MBS 5 IR
141.9364° % FLM |\ ZVEH & AN X33 5 2 &2 X D FT

Of:o

LS

FTBERERR Z B L7230 4, LAMBOR T O
ZFig. 1R L7zo FEBRBAGA3 H #2121, K7 T-1320084F12
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Link between abundance of toxic dinoflagellate, Alexandrium tamarense, and certain environmental factors,

particularly river runoff, in eastern part of Funka Bay, Hokkaido (Note)
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