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Life history, population dynamics, and sustainable use of Icefish Salangichthys microdon in Lake Abashiri,
Hokkaido (Doctoral thesis)

HIrRoOFUMI HAYANO

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

The Japanese icefish Salangichthys microdon of Lake Abashiri has high commercial value as a typical fisheries resource in
inland water fisheries in Hokkaido. However, the informations available on this species such as population dynamics and life
history is very poor, and the annual catches of icefish are unstable. This study clarifies the development of fishery resource
management for sustainable use of the icefish in Lake Abashiri. Therefore, the fluctuation mechanism of population size,
spawning habitat and the life history of icefish in Lake Abashiri were elucidated. The life history was validated by field
observations based on the hypothesis by the trace element analysis of otoliths and analysis data of icefish fisheries such as
CPUE. In addition, the estimation method for population size of icefish in Lake Abashiri was developed in this study based on
the features of their life history. And furthermore, an appropriate management strategy of icefish resources in Lake Abashiri was
proposed based on Ricker’s stock—recruitment curve. The results are summarized as below.

The timing of start of upstream migration of adult icefish to Lake Abashiri from Port of Abashiri was observed from late April
to early May, when the water temperature of Abashiri River reached 5°C. The numbers of upstream migration changed with the
tidal period, and increased at the time of the spring tide when there was frequent flow of the seawater from Port of Abashiri.
Icefish seem to migrate efficiently from Okhotsk Sea to Abashiri Lake using the saltwater intrusion.

Icefish adults, which migrated to Lake Abashiri from Port of Abashiri, were distributed throughout Lake Abashiri but mainly
around the mouth of the feeder river. No icefish migration to the upstream section from Lake Abashiri was observed. From the
temporal changes in gonad somatic index (GSI) of female adult icefish collected in Abashiri River system, the spawning season
was estimated to be from late May to mid—June. In addition, from the frequency distribution for the egg diameter of mature
female icefish collected in Abashiri River system, the spawning behavior seems to be performed a plurality of times during the
spawning season. The sex ratio greatly changed spatiotemporally.

The migration history of 20 individuals of adult female icefish was examined by the otolith Sr:Ca ratio. The findings
suggested that the life history pattern of icefish in Lake Abashiri consisted of two types: i.e., 3 individuals belonged to the lake
resident group, 17 individuals belonged to the anadromous migration group. In the anadromous migration group, the estimated
body lengths at the beginning of the downstream migration were approximately 30 mm (4 individuals) and approximately 50
mm (13 individuals).

Icefish larvae emerged in Lake Abashiri in late May. The findings suggested that icefish larvae that hatched on the coast of
Lake Abashiri were dispersed throughout the lake by diffusion of the lake flow. Vertical distribution of icefish larvae was
observed in all water depths of the aerobic layer, but many individuals of icefish larvae tended to be distributed in the middle
layer of the aerobic layer.

In fast—growing individuals of icefish larvae, the body length was more than 25 mm in mid—July, and larvae were transferred
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to the juvenile stage.

Icefish juveniles were distributed unevenly or extensively in Lake Abashiri.

The growth curve of icefish in Lake Abashiri was fitted by using the exponential curve between July-November 1999-2006.
The specific growth coefficient was 0.0065 on average. The specific growth coefficients of 2000 (0.0092) and 2005 (0.0081)
were greater than those of other years.

Seine net fishing that targets icefish juveniles in Lake Abashiri was started in September every year. It was estimated that
icefish juveniles migrated to Okhotsk Sea from Lake Abashiri in September—October during the fishing season.

The timing of downstream migration was synchronized with the tidal rhythm. Individuals of downstream migration increased
at all times when the flow direction of Abashiri River current was favorable. The peak of downstream migration was observed
at a time when the river temperature was below the seawater temperature. Icefish seemed to move toward the sea efficiently by
using the water flow of Abashiri River.

The growth curve of ice fish in Lake Abashiri was fitted by using von Bertalanffy’s growth curves based on the mean body
length and variance by year class. The growth coefficient (k) of females ranged from 1.9 to 5.1, and males ranged from 2.0 to
4.5. The growth coefficient of the 2005 year class was maximum in both males and females.

Icefish eggs were distributed in the sediment comprised of sand and gravel in the shallow coastal waters. The density of
icefish eggs tended to be higher in medium sand—gravel where the grain size was larger. Furthermore, there were few icefish
eggs in the sediment where silt clay was predominant.

Icefish have lived in Lake Abashiri since the early 1930s because of climate change and topographical features, and have been
caught by commercial fisheries since 1936. Their annual catches in 1936—2007 except 2005 fluctuated between 1 to 94 tons.
The periodicity of one—year intervals relating to the life history of icefish was observed in annual catches. Thus, it seems that
the population size of icefish is influenced by the parental numbers.

When juvenile icefish began to emigrate from Lake Abashiri to Okhotsk Sea, the density of juvenile icefish declined rapidly.
Additionally, fisherman in Lake Abashiri changed the target from icefish to Japanese smelt Hypomesus nipponensis. Therefore,
changes in the pattern of CPUE decrease were caused by these two factors.

In addition, the CPUE of icefish fishery was reduced by rising water followed by heavy rain. In 1992 and 1998, the CPUE
of the first day of the fishing season showed an extremely low value by rising water just before the beginning of the fishing
season. In 2001 and 2006, rising water followed by heavy rain occurred during the fishing season. The CPUE after rising water
was much lower than that before rising water. The icefish seem to be stimulated into seaward migration by rising water.

Blue tide occurred during the fishing season in Lake Abashiri in 2004, leading to high mortality rates of a large number of
juvenile icefish. Furthermore, the population characteristics of icefish in the 2005 year class showed the lowest value in all
developmental stages as exemplified by the significantly small number of adult fish. As a result, icefish fishery was suspended
in 2005.

Population sizes at the beginning of each fishing season from 1985 to 2006 were estimated to be 36,763x10°~487,590x10°
individuals based on DeLury’s second model and the density of juveniles.

The relationship between the number of adults and recruitment fitted well with Ricker’s reproduction model. Carrying
capacity (K) and maximum sustainable yield (NMsy) estimated by the Ricker stock—recruitment curve were 31.345x10° and
106.597x10° individuals, respectively. The initial population size of icefish in Lake Abashiri increased with an increase in the
number of previous generation adult fish. However, the initial population size was reduced to reverse when the number of
previous generation adult fish exceeded Nmsy. In 1992 and 2006, the initial population size of next generation fish was
significantly reduced because the number of adult fish in both exceeded K.

Icefish catch in Lake Abashiri fluctuated, reflecting the population size in principle, but the catch was unexpectedly poor when
there was blue tide and rising water caused by heavy rain. The remaining population size (approximately equal to or the image
of the number of adults) excessively impacted the initial population size of the next generation.

For more sustainable and greater rational use of icefish resources in Lake Abashiri, leaving behind about 31 million uncaught
individuals every year is necessary. In particular, in the case of missed opportunities of catch caused by rising water, it is
necessary to catch fish that exceed Nmsy after the migration from Okhotsk Sea to Lake Abashiri. As a result, it is considered

possible to maintain appropriate adult fish numbers.
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Fig.1 Map showing Lake Abashiri and adjacent rivers in
eastern Hokkaido, Japan.
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Fig.2 Depth (m) of interface layer between fresh and sea
water in Lake Abashiri. Data: Hokkaido Regional
Development Bureau Abashiri Development and
Construction Department (2010).

12 YI9FORNEELT

I 7% Salangichthys microdon |, 3774 B Salangidae
BT AR 70~ 100mm O /NI T, 2 D FF 4y 1d i 1
FOHEMTHD (FEH - HHP, 1986), /¥ FlGobiidae



D Y7 F Leucopsarion petersii 7% £ & & H 12, BRI
(Harada et al., 2003, 2005) § 54 HHO—HTH
D, RERICOEIDR L, BPT, R LHEOEEEE
EERE RV TEEE RV TWA, 72, HWILEIRERIRT,
HIEROB» 2, SERMICHNEEEOILEEA VI
W E, BB TOMICR SN ARE R RT
(Saruwatari, 1988), FEIIEIIZ2~6 A T (RJF - % &,
1965), 1)1 T HEIgRe XA D 35 DR BRI | 2 hh 75 1A
M EEL TS A - mA&, 1913 T H, 1973a;
Saruwatari, 1988), > 7 v A RHEMEIX, BAEF Tl24/E 11
DS SN TWAEDS, FOSAITTRTIET VT2
JRFEL TV % (Regan, 1908 ; fi% - #if%, 1913 ; Roberts
1984 ; J71%, 1994), RIRIZIE, ¥ T 74 DIEDMEED A
2 AT ¥ T T A Salangichthys ishikawae (B4 - B ¥,
1913 5 BEAR, 1954 5 38, 1969, 1971 ; 77N, 1972, 1974 ;
Senta et al., 1986 ; JI[&G 5, 1994), EEFEHICLHL v N
T—=8 7y 7 CHBEIRMEICIRE SN WL T Ty
5 1 % Salanx ariakensis (K45, 2000 ; HILEF S, 2002)
BLXUT ) T AT 74 Neosalanx regain (HAL S,
1988) D3@BATEHSHELL TS, TNEHDHT, bk
THAPHEREINTVILIDIET T TIFDORTH b,
I AIIY T IARTY o & Ao MEANA L, AL
EASEIIE TORFERR, BIURERT ToOHRE
EDOEAIRZIE S A LT b, SR TIE, SRR
WSO Y THREICE SR (%46 - |, 1986),
FN) VREROEAKIBUZ A LT b (Moukhametova,
2010), ¥ T F wxtBE L7zMsEL, WG, 1%
i 72 EOFEAKIBAK E I L7 TITbN T 5,
VI AR, LHRETIR A R — > 2R OMEER (T,
2001) YO~ CUNEL, 2004), HAEEM OGN
(fH, 1994a, 1994b), AFEEMIOIERES (LT, 2003)
LETEILEEIN TS, BT, FHRED/NIIE
WOGEES, 1972) RLBHEHEO/ERH (Zii5H, 1955),
KR OILE (IR, 1967), FHIEO &)L KR
GRH - A, 1954), =HEEOERI (FH - £, 1957),
IR ORI (T-H, 1973a, 1973b), ERIEDSHHEH
(T4, 19145 JI1E, 1989) % & CTH LI Ty
bo T, MBEEERBEOKFERETIE, 147
VI F OB EREHETY Ty ARES TS (]
Wb, 1994 ; JEIE, 2010), ¥ T v A HSEDHRIELREITK
WM GICE DS FETEHY, — WIS SEZE T
PUFHE sz T 7 E O E R 7 7 N7 & /N E
EEPHWS NS, AERLRKIITIE, #512nz T
LR &, AR EELR LS CHWONRE,
I LETHEM300~1,300 b SERETH D25, EE
WA B % o FERRIKEER O PRI SE A AR TR A

¥ T 7k DGR AR 5

12X B L, 2000~20104E 12 B 1) B B A REE Y s
wmiE, HFHRED 644 F, FRAT140 2, BERIEAN6
b, dedEEAT2s b2, BKHIEAS19 b ThH o7 (htp:
/fwww.maff.go.jp/j/tokei/) o

1.3 WEMCHIB LT IF0DHEESE

RN BT 2 iSEDNR L, 1900 (BE33) F£F T
EDIRS, WLLAERD &, mplEE (R, KZE0T)
(2 AHE L 72 B U A 25U 57 (A8 L 7= DA T D ifi 3
DIEE Y & ENTW S (LN, 1969), 2Dk, KIFH]
2% o TRAEZEDEEZ 5 &, MEMETY 7Y% Hypomesus
nipponensis, /NYEF, AV LY Palaemon paucidens 7z %
KR LEESRIML 72s 512, 1924 (KIE13)
SEICHEEMDTET SN D &, TIH DOMEIHIRRT
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Fig.3 Annual catches of icefish Salangichthys microdon,
Japanese smelt Hypomesus nipponensis, and brackish
water clam Corbicula japonica in Lake Abashiri.
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Fig.4 Map showing the study area and sampling stations of
icefish in Lake Abashiri.
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I~
N

Fig.5 Trap—nets for collecting adult (a) and juvenile (b) of
icefish in Abashiri River. Mesh size: 2mm, Unit: cm.



8 HEWTER

Fig.6 Landing—net and fishing—light sampling adult icefish in
Port of Abashiri.
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Table 1 Sampling data on adult icefish collected by a seine net in Lake Abashiri

¥ T 7k DGR AR 9

Year Date Sampling site Nurqber Year Date Sampling site Number
of sites of sites
- - - 21-May St. 4, 8-10, 14 5
1990 16-Jul. St. 3-16 14 1999 12-Jul. St. 3-16 14
6-Aug. St. 3-16 14 2-Aug. St. 3-16 14
3-Sep. St. 3-16 14 30-Aug. St. 3-16 14
- - - 18-May St. 4, 8-10, 14 5
- - - 8-Jun. St. 4, 8-10, 14 5
1991 15-Jul. St. 3-12, 14-16 13 2000 17-Jul. St. 3-16 14
5-Aug. St. 3-16 14 1-Aug. St. 3-16 14
4-Sep. St. 3-16 14 4-Sep. St. 3-16 14
- - - 23-May St. 4, 8-10, 14 5
- - - 21-Jun. St. 4, 8-10, 14 5
1992 13-Jul. St. 3-16 14 2001 16-Jul. St. 3-16 14
3-Aug. St. 3-16 14 1-Aug. St. 3-16 14
7-Sep. St. 3-16 14 28-Aug. St. 3-16 14
- - - 23-May St. 4, 8-10, 14 5
- - - 20-Jun. St. 4, 8,9, 10, 14, 15 6
1993 2-Aug. St. 3-16 14 2002 16-Jul. St. 3-16 14
23-Aug. St. 3-16 14 31-Jul St. 3-16 14
22-Sep. St. 3-16 14 20-Aug. St 3-16 14
- - - 22-May St.4, 8-10, 14 5
- - - 26-Jun. St.4, 8-10, 14 5
1994 18-Jul. St. 3, 4, 8-10, 14-16 8 2003 15-Jul. St.3-16 14
8-Aug. St. 3, 4, 8-10, 14-16 8 13-Aug. St.3-16 14
5-Sep. St. 3, 4, 8-10, 14-16 8 26-Aug. St.3-16 14
- - - 19-May St. 4-6, 8-10, 12, 14, 15 9
- - - 18-Jun. St. 4-6, 8-10, 12, 14, 15 9
1995 17-Jul. St. 3, 4, 8-10, 14-16 8 2004 15-Jul. St. 3-15 13
7-Aug. St. 3, 4, 8-10, 14-16 8 2-Aug. St. 3-16 14
4-Sep. St. 3, 4, 8-10, 14-16 8 31-Aug. St 3-5,7,8, 10, 11, 13-16 11
- - - 24-May St. 4-6, 8-10, 12, 14, 15 9
- - - 20-Jun. St. 4-6, 8-10, 12, 14, 15 9
1996 16-Jul. St. 3, 4, 8-10, 14-16 2005 20-Jul. St. 3-16 14
5-Aug. St. 3, 4, 8-10, 14-16 2-Aug. St. 3-16 14
2-Sep. St. 3-16 14 29-Aug. St. 3-16 14
- - - 23-May St. 4-6, 8-10, 12, 14, 15 9
- - - 21-Jun. St. 4-6, 8-10, 12, 14, 15 9
1997 14-Jul. St. 3, 4, 8-10, 14-16 2006 21-Jul. St. 3-16 14
4-Aug. St. 3, 4, 8-10, 14-16 9-Aug. St. 3-16 14
8-Sep. St. 3-9, 11-16 13 29-Aug. St. 3-16 14
- - - 25-May St. 4-6, 8-10, 12, 14, 15 9
- - - 21-Jun. St. 4-6, 8-10, 12, 14, 15 9
1998 14-Jul. St. 3, 4, 8-10, 14-16 8 2007 19-Jul. St. 3-16 14
6-Aug. St. 3, 4, 8-10, 14-16 8 6-Aug. St. 3-16 14
3-Sep. St. 3-16 14 30-Aug. St. 3-16 14
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Fig.7 Schematic diagram of improved larva—net (Asami, 2004) for sampling larvae of icefish in Lake Abashiri. Unit: cm.



Table 2 Sampling data on larval icefish collected by a larva—net in Lake Abashiri
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Year Date Sampling site Number of sites
1999 31-May St. 4-6, 8-10, 12, 14, 15 9
9-Jun. St. 4-6, 8-10, 12, 14, 15 9
23-Jun. St. 4-6, 8-10, 12, 14, 15 9
2-Jul. St. 4-6, 8-10, 12, 14, 15 9
13-Jul. St. 4-6, 8-10, 12, 14, 15 9
2000 11-May St. 4, 8-10, 14, 15 6
1-Jun. St. 4, 8-10, 14, 15 6
9-Jun. St. 4, 8-10, 14, 15 6
23-Jun. St. 4, 8-10, 14, 15 6
7-Jul. St. 4, 8-10, 14, 15 6
19-Jul. St. 4, 8-10, 14, 15 6
2-Aug. St. 4, 8, 14, 15 4
2001 24-May St. 4, 5, 8-10, 14, 15 7
8-Jun. St. 4, 8-10, 14, 15 6
22-Jun. St. 4, 8-10, 14, 15 6
9-Jul. St. 4, 8-10, 14, 15 6
2002 10-May St. 4, 8-10, 14, 15 6
24-May St. 4, 8-10, 14, 15 6
6-Jun. St. 4, 8-10, 14, 15 6
21-Jun. St. 4, 8-10, 14, 15 6
17-Jul. St. 4, 8-10, 14, 15 6
1-Aug. St. 4, 8-10, 14, 15 6
2003 8-May St. 4, 8-10, 14, 15 6
23-May St. 4, 8-10, 14, 15 6
10-Jun. St. 4, 8-10, 14, 15 6
27-Jun. St. 4, 8-10, 14, 15 6
16-Jul. St. 4, 8-10, 14, 15 6
7-Aug. St. 4, 8-10, 14, 15 6
28-Aug St. 4, 8-10, 14, 15 6
2004 7-May St. 4-6, 8-10, 12, 14, 15 9
24-May St. 4-6, 8-10, 12, 14, 15 9
4-Jun. St. 4-6, 8-10, 12, 14, 15 9
17-Jun. St. 4-6, 8-10, 12, 14, 15 9
9-Jul St. 4-6, 8-10, 12, 14, 15 9
2005 16-May St. 4-6, 8-10, 12, 14, 15 9
2-Jun. St. 4-6, 8-10, 12, 14, 15 9
16-Jun. St. 4-6, 8-10, 12, 14, 15 9
5-Jul St. 4-6, 8-10, 12, 14, 15 9
2006 9-May St. 4-6, 8-10, 12, 14, 15 9
17-May St. 4-6, 8-10, 12, 14, 15 9
30-May St. 4-6, 8-10, 12, 14, 15 9
7-Jun. St. 4-6, 8-10, 12, 14, 15 9
23-Jun. St. 4-6, 8-10, 12, 14, 15 9
12-Jul St. 4-6, 8-10, 12, 14, 15 9
26-Jul. St. 4-6, 8-10, 12, 14, 15 9
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Table 3 Samling data on juvenile icefish collected by a seine—net in Lake Abashiri

Year Date Sampling site Number of sites
1985 18-Jul St. 3-16 14
7-Aug. St. 3-16 14
13-Sep. St. 3-8, 10, 11, 13, 15, 16 11
1986 22-Jul. St. 3-16 14
12-Aug. St. 3-16 14
9-Sep. St. 3-16 14
1987 13-Jul St. 3-16 14
4-Aug. St. 3-16 14
3-Sep. St. 3-16 14
1988 12-Jul St. 3-16 14
8-Aug. St. 3-16 14
6-Sep. St. 3-16 14
1989 12-Jul. St. 3-16 14
8-Aug. St.3,4,7,8,10,11,13, 15,16 9
5-Sep. St. 3-16 14
1990 16-Jul. St. 3-16 14
6-Aug. St. 3-16 14
3-Sep. St. 3-16 14
1991 15-Jul. St. 3-12, 14-16 13
5-Aug. St. 3-16 14
4-Sep. St. 3-16 14
1992 13-Jul St. 3-16 14
3-Aug. St. 3-16 14
7-Sep. St. 3-16 14
1993 2-Aug. St. 3-16 14
23-Aug. St. 3-16 14
22-Sep. St. 3-16 14
1994 18-Jul. St. 3,4, 8-10, 14-16 8
8-Aug. St. 3,4, 8-10, 14-16 8
5-Sep. St. 3,4, 8-10, 14-16 8
1995 17-Jul. St. 3,4, 8-10, 14-16 8
7-Aug. St. 3, 4, 8-10, 14-16 8
4-Sep. St. 3, 4, 8-10, 14-16 8
1996 16-Jul. St. 3,4, 8-10, 14-16 8
5-Aug. St. 3,4, 8-10, 14-16 8
2-Sep. St. 3-16 14
1997 14-Jul. St. 3,4, 8-10, 14-16 8
4-Aug. St. 3,4, 8-10, 14-16 8
8-Sep. St. 3-9, 11-16 13
1998 14-Jul. St3,4,8-10, 14-16 8
6-Aug. St 3, 4,8-10, 14-16 8
3-Sep. St. 3-16 14
1999 12-Jul. St. 3-16 14
2-Aug. St. 3-16 14
30-Aug. St. 3-16 14
2000 17-Jul. St. 3-16 14
1-Aug. St. 3-16 14
4-Sep. St. 3-16 14
2001 16-Jul. St. 3-16 14
1-Aug. St. 3-16 14
28-Aug. St. 3-16 14
2002 16-Jul St. 3-16 14
31-Jul. St. 3-16 14
20-Aug. St. 3-16 14
2003 15-Jul. St. 3-16 14
13-Aug. St. 3-16 14
26-Aug. St. 3-16 14
2004 15-Jul St. 3-15 13
2-Aug. St. 3-16 14
31-Aug. St. 3-5,7,8,10, 11, 13-16 11
2005 20-Jul. St. 3-16 14
2-Aug. St. 3-16 14
29-Aug. St. 3-16 14
2006 21-Jul St. 3-16 14
9-Aug. St. 3-16 14
29-Aug. St. 3-16 14

13
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Fig.8 Temporal changes in sea level in Port of Abashiri (a) and number of adult icefish collected by a trap—net in Abashiri
River (b) in 2000.
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Fig.9 Temporal changes in sea level in Port of Abashiri (a) and number of adult icefish collected by a trap—net in Abashiri
River (b) in 2005.
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Fig.10 Temporal changes in sea level in Port of Abashiri (a) and number of adult icefish collected by a trap—net in Abashiri
River (b) in 2006.
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Table 4 Samples of icefish for analizing the otolith Sr:Ca

ratio
Sampling Body length (mm)
Sex
Date Site n mean SE Range
St.10 famale 10 72.4 1.24 69-78
8-Jun.-2000
St.14 famale 10 74.0 1.00 69-79
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Fig.12a CPUEs of mature adult icefish caught by a seine—net in Lake Abashiri in May to June of the year 1999-2004.
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Fig.12b CPUEs of mature adult icefish caught by a seine—net in Lake Abashiri in May to June of the year 2005-2007.
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Fig.13a CPUEs of adult icefish caught by a seine—net in Lake Abashiri in July to September of the year 1990—1998.
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Fig.13b CPUEs of adult icefish caught by a seine—net in Lake Abashiri in July to September of the year 1999-2007.
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Fig.14 Temporal change in mean CPUE with SE of adult icefish caught by a seine—net in Lake Abashiri during 1999-2007.
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Fig.15a Frequency distribution of body length of adult icefish collected by a seine—net in Lake Abashiri during 1999-2003.
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Table 5 Distribution density of larval icefish captured at Sts. 5, 9, 10 and 14 in Lake Abashiri

Total number of Distribution density ( inds./100 m’ )
Sampling
Date station Depth (m) larvae captured
(inds.) 0-13m 13-2.6m 2.6-39m 3.9-52m
St.5 9.6 1,311 58 453 275 118
St.9 16.0 801 81 339 120 34
26-Jun.-2009
St.10 26 2,507 741 1,085 - -
St.14 4.0 914 241 230 158 -
St.5 72 1,532 20 241 591 263
6-Jul-2009 St.9 16.2 1,074 40 355 229 119
St.10 4.0 810 261 264 - -
a) Water temperature ( ‘C ) & Salinity
0 10 20 30 0 10 20 30 0 10 20 30
O ° 1 1 J 0 1 1 J O 1 1 J
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2 .
10 A 2
4 .
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Fig.30 Vertical profiles of water temperature (open circle) and salinity (filled circle) in Lake Abashiri on 26 June (a) and
6 July (b), 2009.
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Fig.31 Histogram of distribution density (inds. /100m?) of larval icefish collected at Sts. 5, 9, 10 and 14 on 26 June (a) and
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Fig.32 Frequency distribution for body length of larval icefish collected in offshore (St. 9) and inshore (St. 10) on 26 June
(a) and 6 July (b), 2009. Number in parentheses indicates depth of the water collecting larva.
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Fig.33a CPUEs (inds. /tow) of juvenile icefish caught by a seine—net in Lake Abashiri during 1985-1993.
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Fig.33b CPUEs (inds. /tow) of juvenile icefish caught by a seine—net in Lake Abashiri during 1994—2002.
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Fig.33¢c CPUEs (inds. /tow) of juvenile icefish caught by a seine—net in Lake Abashiri during 2003—2006.
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Fig.34 Maximum CPUEs (inds. /tow) of icefish ) and Japanese smelt (@) caught by a seine—net in Lake Abashiri in

August and September of 1985-2006.
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Fig.35 Temporal changes in mean distribution index with SE of juvenile icefish during 1985-2007. The distribution index
means average CPUE (inds. /tow) at Sts. 35, 7, 8, 10—11 and 13—16. Vertical bars indicate the standard error.
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Fig.36 a Frequency distribution on body length of juvenile icefish collected in Lake Abashiri during 1999-2001.
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Fig.36b Frequency distribution on body length of juvenile icefish collected in Lake Abashiri during 2002—2006.
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Fig.37 Temporal changes in sea level in Port of Abashiri (a), water temperature, and number of juvenile icefish collected by
a trap—net in Abashiri River (b) in 2001. Circles indicate the water temperature. Vertical bars and Arabic numbers
indicate number of icefish collected.
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Fig.38 Temporal changes in sea level in Port of Abashiri (a), water temperature, and number of juvenile icefish collected by
a trap—net in Abashiri River (b) in 2004. Circles indicate the water temperature. Vertical bars and Arabic numbers
indicate number of icefish collected.
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Fig.39 Temporal changes in sea level in Port of Abashiri (a), water temperature, and number of juvenile icefish collected by
a trap—net in Abashiri River (b) in 2005. Circles indicate the water temperature. Vertical bars and Arabic numbers
indicate number of icefish collected.

a)

250 : Full moon .Newmoon O . O . O . O .

=)
5 200
T 150
3
g 100
"
B e R e B e R A A A A R B B A R AL ARaanaa
1 4 71013161922252831 3 6 9 12151821242730 2 5 8 11 141720232629 2 5 8 11 141720232629 1 4 7 10 13 16 19 22 25 2
400 - b) r28
” 324 Lo
: : g
- P20 g
3 2
=} rle g
£ 5
5 g
5 200 1 12 5
£ @ Abashiri River ‘%» 8 2
Z O Port of Abashiri N =
L 4
Ml g
2 3 % ro
30 0000 2000000]20000000 0 00 DI 0000 ! 0000 000| 8 0000600000
R N
1 4 71013161922252831 3 6 9 12151821242730 2 5 8 11141720232629 2 5 8 11141720232629 1 4 7 10 13 16 19 22 25 28
Jul.-06 Aug.-06 Sep.-06 Oct.-06 Nov.-06

Date
Fig.40 Temporal changes in sea level in Port of Abashiri (a), water temperature, and number of juvenile icefish collected by

a trap—net in Abashiri River (b) in 2006. Circles indicate the water temperature. Vertical bars and Arabic number
indicate number of icefish collected.
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V722004 FEREEE, 11 A ICERERES7T0mm 2 B2,
TRV L 2
FAERRBEOMIRAEE (1) 1%, WEAT74.5~96.4mm, HE
H378.4~95.6mm DHFHIZH ) (Table 6), (ZIFEERE
B 7z, MIRARICIIMER CAEEIRO LN
Ao 72 (Student’s t—test, df=16, p=0.474) , FAEFRTED K
R (k) 1 3MEA1.9~5.1, HAT2.0~45DFHIZH b
(Table 6), MEHEM CTHEZAIIFRDO SNLH o7 (Student’s
t—test, df=16, p=0.761) , MIRIARE & BRARIUTELH) A
RE MM THELE IR D> 720, £ DEREE (9
AEARTE T 6 AEARTEE) CUEIIHE X D IBIRRREASKRE {, 2o
HERBUIIED > 720 72, 2005 SEFREEMERE & b 12
IR R R/ ME, BRERESRKELZ R L7, BERK
R & BB REATEIT B & 2 A @A R L 72,

Table 6 Estimated parameters of von Bertalanffy’s growth
curves of icefish

Year class Male Female

1998 79.4 25 0.4 82.6 24 0.4

1999 88.9 2.0 0.4 86.7 2.1 0.4

2000 96.4 2.8 0.4 86.9 33 0.4

2001 75.5 31 0.4 79.4 29 0.4

2002 83.1 2.1 0.4 86.9 20 0.4

2003 834 2.7 0.4 95.6 22 0.4

2004 85.3 28 0.4 90.0 2.5 0.4

2005 74.5 5.1 0.5 784 4.5 0.5

2006 79.7 1.9 0.3 79.2 2.0 03

23 E=E
W EITEY A= ZMRGRETEA L2y 7 7, @
TR DEEDTE D 4 A T AIHEN R O OREERANIZ4E
L, WIKREAIZIZSCILET L L, fEEMzHEL T
MENZHMELIICD A, T HIdERIICZL <,
WfE (1980) DEBRERICL B L, WHTEZ & 5 iE
T AT10~20cm/sec, BRFLITHAT40 cm/sec 4T, BRSE
METOKFEIISBRIZTH S, 72, U - &H
(2000) 12 &5 &, 105 HOEEFEKEE L BREDILTH
B AHBE IR D 25 L e <, O TIETR
fIEIZHTVY . 4 B FROMENTIIiEA 40 cm/sec 2 5
ZELBLLRWY (Fig 11), ¥ I 7FIE#w ) X412
FHI L CREGEIN 23w 3 2Kk 2 B L 25 BE) LT
Wb ZEDHLNE % 57 (Figs. 8~11),
COE)BWE) ALEFH LY 77+ 0BE)IT,
AFINCBWT O IN TS, AFINIDY T 41
S CTREAL L 7252 ICHER AN I & b TR D L&
ETRBETHEMNIIAOMEER 00, BAT HIEKRE
I IEN A TR Tkm EHO=H B#~BE#T5 & £ 2

2T A OA&ER L EAERE 53

S5NTWw5B (UL, 2004a, 2004b)e AFND L ZKH
R NICIE, WS 2K 2 T A ICFIH L 72255 53R
Bk (P - 8, 1998) 12X DR A# E% L
TWwaEEzo6Ns (L, 20060, —J5, HEINIAH
NN HATINIEDSR <, KBS E10~200em FEEE & iV,
F, FTROESERARY T, HEKIIERE ~ iR AR
THMlETAEEZOLNSLD (KD, 1998a), LEIZH
W HHEEIX201EL, WHbZEICHIET 5 (Fig
1) ZD7-8®, RUFFEOHERE LTI, 1L (20044,
2004b) AMEIEE L7 BRI L % RIE T 5 &9 247
B SN L o7z LA LERDS, KIEDZEI
T, AFNRHEN (FH, 1993) TEIZSN/-LD
VIR RE 12 S8 DIFRBENIC R LT B I RETE S %
ZAbMhb, ZLTC, @) X 2CFEY Ll 5 ik
ZFIA LT, REENWD ORERIIHIEM A~ L Twb
LEZBND,

HAOHMAS S BAOMERIIMILOEICBVTHIRE
WIICEDELCRLRD, WAMEMA%Z/RL7 (Fig. 19),
—fRIZ, IO I FOMWIIES Z EMSNT
Wb, =BT, MRS HEREIN ) X L8R T
HESSEELT B 720 MIAMR Y, AT IR & % BRI
FEJIL TV EEZSNTWS (BEH - HF, 1954), #
FEWM T, M ERCHEICI ) KELEHL, 0
Mz LOBHETIE Rd 572, LA L, 20054F & 2006
FExRBE L, EINHOWIAD S I, TIEMEC R
HEMSEA SN (Fig 18), 1D (2006) (&, Z5#EATHE)
DRSNS, FEINGICBT 22D SN REST
BEREE LT, HEEICEINGICHN THOREIREZTED,
ZDORNHER L DF N X o THHOWHEATR & (IR A
SHERSNAZ LIZL B EBRTWE, T72, ¥ IUF
AN T TR AT 2o Tng ([ -
&, 19575 1L - B, 1999), IIE (2006) %, EEIFT
BIOBILE S, MEIEREID & EINO MR L 205508 %
B E R D 720, FEINRII o 72 ABESNSS & BEN TR
Mt L, Bhfe T OEIR DRl & 4 ) JR 9 & iR~
TWh, —J7, HEIMED Rl REH 2 TR ICH
5720, FERNNGEINGIZBT AT EAIc {3
5 (IhE, 2006), AR CEZE S NIMILOREY b,
DL REINTEIORIEIC L b DL ENS, 2005
£ L 20064EClE, 7HHPE%EECTHMLD MR- T
722 k25 (Fig 18), I OETIZEINAAIMBOLE X
D LRI L2 T REE D E V. FEIREIEIE, IREOIIEE
BEEE GG DFERFIZAL (Fig. 21) A5, ks & AR H
BT L HEE SN D,

fIHBAEE  Saruwatari (1988) 12X 5 &, T 7+ i3t
FFOMFED 4.5 mm, A5 8mm THERHAHG L, HE



253 mm THIEEZ B { T ORESLAEH L T & 722 B,
ZFNURE, ¥ FIEREBORI LT, FiE
TEICHEE R ZALDERO SN\, AR TRE SNz Y
T F ORIMERIZ3.1~40mm T, TS I LEZD
ke #Zz 65, #BEMDY T 7 HFMa1E, sHTEL
BelCHI LIZ LY, ZOBEMICHEL TTHIZIZEES
~25mm 2% L (Fig 28), Mifi& 724 (Saruwatari, 1988),
BALIAR & e VT4 2S, JEVAETIE T Ao~ T4 F Tkt
IS T2 2 826, fEMED 77+ oEiidl
TR EOREMICh-2 LHfE SN L, T, B3
BN IS AHE % b I RIS E T § 2 7 S
N5H0%, BEEoREE & DG % & 72 540
T2, THUE, WEHINZ L AEFWINEH RO
TERICE Y, Ik a#Th7z0LEZ LN,
HHROSESAE, KEOEVITEBTIE FE» S K
& F TIEIZT—FFICHAHT 505, METIEERERKELI~S
mE (EEEFRBE L) TOAxP %R, KiELI~3m
& (fRfEmiE) ©% < 2 @2 H S h7z (Fig 31).
T/, TNOOREEESMERL L, HETIE, KE
EANBID2EFIDORENDR BT 5D DD, ZDORRESTATIZ
KIBIZE BEVIIFED SNL 0o 728, hETIERIEIZ
YoTER o7, Thbb, WEDOEREEKFE4I~5m
J& UL, KR S5~10mm O/NUERD BAEEE S N0
LT, KiE1~4mfE TlE, /N E KRBT A X0
R D oNT: (Fig 32) HHROHESMHIZHL T, &
H(2004) 1%, EBMOT HFFIZBVTHKIEICL
TR TWAZ EFRFLLTRBY, TOZ EAFERMIC
AW E DOBEBROBREEHDO TS EBTWE,

von Beltalanffy D25, 2005 FH4dE O KRk
&, MEHEE B ICHRKE o7z (Table 6)o —H%IC, kDVK
EVHHIOMHOBREIZREVWb 002 HICHEITE LY,
kAVNEVIEZW 5 RN THEHMWZRELZRTEEZ LN
Tw 5% (Beverton and Holt, 1959 ; [, 1985), 54T
Bk 5755, 2005 FEARIETHIAA T ORE L 21T
KENHIE LIERBETH D, FD720, 2005 EMREED
TEAEEEENRE B 2 3AFIEEIS, T RTORFER TR
2R L, BIPNC BT 2 I RERE B A D AR 12
NTCHELL D o720 2D DT, 2005 FEMBED k F K
WCSHLEREZEZOND, MOFEREETIE, HEDOLIX19
~3.1, MDKIZ2.0~-33DHFICH o7z, =il (1992) 13,
INNBGRIZBWTE xR 45 LHEEL T 5, - T, HBE
WHENIEG & 0 S EEEEESSLEV LRI D,
BETE T v AR % BGS AR, il
KR & AR AL 2 R IZIT—3 L T w7z (Fig.
39)0 ¥ T VA OREEATENTENS ) X LZEIAL, Ak
Lol S vNEl AR R EDO Y — s pBigi S e,

F 72, BEHETENCIIBE 2 O RS RBD SN o 72
A3, T, NI R BRI IR O SUEATE Z 6 7,
MWENDEIERTHALZ EICHELTWELEEZ LN
bo TOLHIZ, T HIINEREEDONIKEFIH L A2A
5, RERMIEHEABEH L TWEIDEEZONE, K
e Cid, BEMEROEFIZHS NI TE Lh 57225, M
FHIENCHET IR OBET T 7 7 4 DA BDBIEES
N2 enb, Fh—Y 7ERERTRLALTVwEH0
LEZLND,

EESR oL, WEMEY T YA, FHINICHE
FEW L E OB A RET LI EPHLNE Lo, &
HEIEENC D725 7 4 — v FBIE L B ROWEITLE ST
5, MEMEDY 774 OATFE /NS 23 F I ] #E R
ThbEEFOTONL, ZOEGEHOMEIILT O
D THh5 (Fig 43).

Okhotsk Sea
Abashiri River
*
s
.
(April - May)

Seaward migration
(Sep. - Nov.)

Hatching
(May - July)

Lake Abashiri

Abashiri River
Memanbetsu River
Tomappu River

Life history of icefish
in Lake Abashiri

Fig.43 Estimated life history of icefish in Lake Abashiri.

AR, MEMKORTIEM L, YT Hidd k-
YV 7RG ED SHGENN O OREBNNLEREL, 28
THEFE A~ & BlG S %0 M ERIGD & A4 3 2 7w
NIAKERAS CIZ LR 2E L 13T 525, W EOE—
73R &g L OKIEEDE LW & —F L Tw
bo WM EDF A I v 7T BN FF L2 H % R
L, T & THiF O KM ZEA100cm P EI2 72 2 KiE o
A ICHl EY =2 RSN B, ¥ T4,
BRI B RBZ RN L 2SSl B4 5 2 & HyEss
ansz,

WP L 728 m0E, F S A O 8 12
EHT L5, FENL Y LI By 2 3mSR SR
otz BEINGIZBI A HILIIRAHEDE L, IS,
FEINEI DFEHA A & BEPRER I A TUIME VAR 2 AR 5



N7ze T, MEDTFEINIRIC Vo 72 ABESRSS & BN TR
R L, MO IS RiES 2 ¥ 7 7 HiFE
DEJIRRICL 2D DL EZ SND, JIEINERAHE 5 A6
DIEBEFZALH S, FAEME Y T 7 4 OIS EENZ 5
TP TW D 2 AR E N7z, GSIDRSRTIZ L2
5, B EICSATU~6 AHUTH LA, EiI2L-
TRTHPHICE TR L DL EIEESNDE, VT
FIFEINRI D 70 < HESL T B 25, E 8 H £ CTlIMED—ER
AR R SN 5, B4t e LT, 200443 EIIZO
MEAS1L H ECHEZERD, ZNH1E8~11 H F THREDE
AN,

WAL s H T2 5 ML, 13 LIS
BRI AT 225, R TG %2 &0 RN
SR E IR T 5o IR RS20, 1
BOKREMBNE 2~ 3IEREATRD S N5 o (FHAOHRIES
X E AETRE Y, KEOFERVINATIIERE X
D AIFEBOME ORE1~4mE) 124 0FiT 5,

M OGA D MANEB TR ONL A, EICL) BFd
LZWIEHMOEED &6 S MAIRIET 5 2 L0 % Vv, 78
EWTIXZOMAEW DY T F 2R ICR EHIRENITT
bITBY, B, OAPLEEINHEENS, ZoiEl
Ho(9~10H) 12, ¥ I 7+ FEERD»S FFR—Y 7~
B 2 13 Lo b, BBEROKREL, BAam iz
X 2D S 30mm BT & S0mm BT D 24 4 XD
SNBH, (TE A EDMERITS0mm B THRIEST 5, BE)
B D % 4 3 7%, IZKIEANZIF20°C % Tl 5 K
=T BN, FOY— 730 oKD I S
WR MR —3 T B, F72, BEM Y A I 2 713
B & FEFPH L EAEAEEO S, W EEE &I, K
W EASEZ S 2 WNEB ORI & LI BET R E O ¥ — 2
BRONL, F72, BBENCIEOEEES L SNT,
TR L T\Wb,

V70 F OREREROEGEHAIZITE A AP TH 55
BRIIIBDEHTHR I L > TRESN S, F72,
4 FAIEHEENTIT (REBN) ICHAPERTLZ L,
S S ICHAOEAMEITLRESOMEENS, FICKEREL
72T T AR A=Y 2R R TBA L, OO
TeDICHEEWRANLERT 20D EEZOND,

FIE EINFONH EEEIRIE

I RWFERRE LTRSS 5 7201214,
HARTEE OMEFEA ARG & 2 ), EINS R YN BEE
DHEFER R ED O CTEETH 5,

2T 7 % OREIRGITI N ISR K N 0% T,
WHEEDEE LI E NS 2 E05EE) (FH, 1973a),
A (Saruwatari, 1988), Z55&Ei] (BEJI15S, 2005), 411

I A OAER L EATERE 55

(U, 1994), duil (E7k, 2009) B X U/NIE# (Fh
5, 2008) IZBWVWTHEINTWD, T2, MWENIIE
WTRIFEDOEETY 77 HINOGADELE I N TN D
boo (HE, 2001), Y54 L EREBEREO RIS 2
IZEN TV, RETIE, KENDOINO55ARD,
ROYERBREE 70 & N BRI EERL A &, INoAG & Brs
Btk & ORI E IS 2T S,

31 MEsLUAE

IERIERBAGRDIIE 2001~2003 £ D 4E5~8 H IZHEE
MIRREROFAEEHICB VT (Fig. 44), RSB KR
DB EAT > 720 BHINZIZAEY —STD (Model-AST
-1000S, 7L v &) #HFHL, FELLMETT
20cm Mg CHA 7% & KR Z 83 L 72,

N
Abashiri River
Line2 Line3 ﬂ
Lake
Riyaushi Line 1
Line 11
Line 10
Lake Abashiri

Memanbetsu
River

/ Bay Line 7

Memanbetsu

Abashiri River

Fig.44 Map showing locations of sediment sampling (Lines)
and vertical distribution of water temperature and
salinity (a star) in Lake Abashiri.

T AIORE HEMED T LRI, BA
OB (Fig. 12), AR IERORERZAL (Fig 18)
B L OFa OB (Fig. 26) 5, 5H FTA~7HH
WeEzonb (B, 2003), £ZT, 2001~20034END
FAE6 A, MM ORI 2 (2T EREI 1 ER
FRTEL, FTEHMEOKEIM, 2m, 3mDERI33TRET
HTY I ERE L (Fig 44), JIOTREICIE, ]
RIAF0OSM DA IR - v ¥ ¥ A VEERER LA
L, BREEHTHREDLSTRRBEITZZEZ 252032
JER A IR L 720 FRIBRIIC, WKE LOBEHFEEE R —
% 7NV DO A—% (Model-58, YSIft) 2L DillET 5 &
&b, K= 7K ET (Model-ACT20-D, 7L v
7BV RS EKBEEFEIL 2,



1O HICEREL L 72 B081E, 5% iRV~ ) Vil Tl
ELTERENELIRY, I 7 FRHEIHOREE L
720 20 BRI 72KIIE, FE» 53EH3eom T TR
TIAT A v 7 BEIREL, MESTICHTHET
—30C DB HENTIRE L. BB, TH5HB I TR
10DFHETIE, BAEICBWTHERICAKES~Sm it
B THIEHA ORI 21T o 720 INEHEAOFEHL,
FREENBIKTHE» ITRERVIK L2255, HEWDS
2mm & 0.125mm D 55 WIS 72, FOR, INEE sk
WEIICHEREL DS, B SIIFGEET S &5 1k
HCEREE BB L 720 HEV0.125mm D55\ 1
25k o 72 3R & SRR LB R K CIRIE L ¢, JeE
WX S EI L7z, B LAED/NE 5 H D5
FEARFEMBET T I AR L, 7ML CRIET
BB BI00AHE (k/m?) ZRD7-, IWEEICLS
SEWEER, TO—MOREHI I Y, HREEL 245
YIYUFIREFN TRV E 2R L L TITo77,
BH (1967) [2X 5L, LM 21 EoAaEIERL,
RIFFEIC BV T Z OIS N LRI EZ SN
DL, ¥IuF, TAHE, F29Y) 7 F Osmerus mordax
dentex B £ UNYEGobiidae DEIETH 5, ¥ T 7 AP,
AR I3 20wy, IR & EHIRICO U B MR O TR (B
& - BiE, 1913) X Y FE L7z,

EBOWESN EOKESHE, B5 D WoriTk
LD To7z, Thbh, EEHBOELREZ, £
NFNHAEV2mm, lmm, 0.5mm, 0.25mm, 0.125mm B
L U°0.063mm D 5BV EHNTHE L, Wtk KBk
OEmILE LI REMRE RO, 2Ly, KE
A RERCT HAERATE, MR QmmEE), MHERS (2.00
~1.00mm), HEAS (1.00~0.50mm), AL (0.50~0.25
mm), FRES (0.25~0.125mm), MHERAS (0.125~0.063
mm), BXEYIVE - kit (0,063mmki) D 7R E %
bo BONIKIERMET— % % b &1, FAEE T EITH
BEIMAEIIAR 2 VER L, EREESEHS0% 1272 5B (DL
T, AKEDs EET) &, FNENOEEIZBIT A
YRR E Lzs 2001 ~20034F T TOREHKT— ¥
EDETr TR =5 aiTv, SHREEHDEYE %
BHELT2e 79 A —5H0E, REMB T — % & 3127
Fa—271) v NHEEZ RS, WardiEIZL Y Lz7 >
Fa 7L EERT S EI2E > TIT-72 (SPSS verl5.0
J, SPSS Japantl), KHEDARIKAE Dso lIHE X FERK T B R
EEMORNEME T — % 2 P L TR, Zhr K
B BAMREN R E Lz,

RETERMT  BEEOINSMHFE L, BRICBI) 25204 E
{22V T Kruskal-Wallis test (2 & D IREZITH & & 12,
FTRTD2EDHL A 12D\ T Bonferroni 1230 T

MR % D F, Mann—WhitneylRE 12 & ) ZOME E4T -
oo B, TOBICEFREREICES CIIRERORD =
PEBR§ 2 728, SR AR E O BT KAE O RIRE RS
X9 BRI IR LS (DU, DR EEfef L i d)
TRV, TNOIIKEH#EMNTY 7 b SPSS ver15.0] & Hw
TiT-> 72,

32 %R

BRBREKR HIREFVBKIEIE, 2001 FD5~8 1T
BWT40~50m, 20024ED5~7 A12HB 1 T4.6~5.0m,
2003FED5~8 HIZB VT 44~48mIZfiE LTz (Fig
45), 20014E3 X UF20024ETlE, 6 H DIRIE SRR KIEDS
SHICHART20~60cm 5 L7z, RE D3G5 1%, 2001
H£D5~8 AT 1.84~2.10, 200240 5~7 A T2.05~2.75,
2003 4D 5~8 A T1.46~321 DHEFHIZH - 7z KiRIT L
BCTRk&EEFHL, 2000ED5~8 A D FEKiRIE13.8
~227C, 20024 ®5~7H 1£15.7~20.9C, 20034E D5
~8 H1329.2~21.6C D#PFHTER L 720

PRHREERS(Z 5 3 B HMKOYIRIBIE  IIIRIER IS BT 2
JKE FOKIR, 5, BAEMRERL O IS MEEL,
Table 71278 L 720 JKi&i, 20014EA713.3~18.0C, 2002
ENT16.4~17.4C, 20034E5H316.5~213C THh o7z, B
1%, 20014F250.82~2.31, 20024EA%1.25~2.26, 20034E7)S
254~3.02DFFHIZH o 720 BAFERTE I, 20014E 8.1
~16.2mg/L, 2002 4EA37.9~12.7mg/L, 2003 4EA%5.4~12.5
mg/L DFHIZDH o 720 I A EHEEDOTFIHEIL 2001 425139
Fr/m?, 20024EA3435H0/m?, 2003 4EA5267H/m> TH - 72,
B, PREFRORET ORBEIIMNSPUET, JHEid 1.4
~1.6m/sec DEFHIZH Y, 1 ZITEEIRETH 72 (RET
A== http://'www.jma.go.jp/jma/)
2001~20034F (2 BIF HINEEEHRR UL, /KiR (Spearman’s
rs=0.346, df=30, p=0.052), 354> (Spearman’s rs=—0.115,
df=30, p=0.531), A fF Bk % &= (Spearman’s rs=0.046, df
=51, p=0.744), B L UEREKE (Spearman’s rs=0.010, df
=41, p=0.947) L OISR SN D572, IIDZER
SN o TREE R OENE (INRFEROE F /A E
BEX100) 1, KFEImMAT55%, KE2mA45%, KiE
3mAS39% &, FLBHIEEEDP T,

BRI EEEOREMRRE 5 7 AL, 2001 4ETIEE
HODKEIm & EM 11 OKE2mM IZBWTHR® THEE
WA LTz, F72, BNTEM3, €6, 7B L O
EMS T CRESNE 572 (Table 7)o ZNEDJE
BIZBT AERRAED L, B/ 11 OKGE2m AHKAD,
ERIDKEIM B L OEH6DKGE2mASHRATH ),
EH6DKFEIm L 3m, EHIDEKE, B DEKE
HHIRAS T > 720 ERET TIEIKZE I m AR, K2
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Fig.45 Vertical distribution of water temperature and salinity in the center of Lake Abashiri from May to August in 2001-2003.
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me&3mABTIVE -k THo T,

20024ETlE, EA11OKE2m, THSB L OER10
DEKGRIZBWTHD TEHEEIO L, EM3B L0
WMTITRELRESN LD o7 (Table 7)o TNEHDEY
BT BHERIRAEDsF, TR 11 OKEE2m 2K, EH
5B L ER 10 OEKELFRAD, ERR3OKEIm &2
m ASHIRLRS, B3 DOIKE3m AR TH - 72, TH
7T, KEImASHPRAES, KiE2m & 3mAST Vb - At
THo72,

20034EClE, T FINLEHMEDKIEIm, EMIL
DIKFE2m L 3m, ERI0DKE2mM, E/HSDKE3Im
WBWTHEO TEREIHAM L, EM3 LEM7TIEE|
FESNL D o7z (Table 7)o TNHLDIREIIBITAAR)
R Dso T ERE 11 DK 2m 25HIRE, EHE 11 OKEE3m,
TERRS DEIKEE, EMS8DKEIm, EH 10 DEIKFE)H
Wb, EM3OKEIM L 2m AR, ERE3DIKE3
mAEHIRAS Td o 720 T T, KE I m AR,
KiFE2m E3mAB YNV b - HitThHote 2L, B
ERITo3EMEZBLT, EMIIOKE2M E3ImTIE
WL C OIIDTRIES NIz, F 72, B3 LEMT TN
aERESN LD 572 (Fig 46) 6

2001~2003 1\ BIF BREMBD 7 T R 5 — 534 D
R, EHIT6T (A~FI) ooz (Fig 46), KT
BT A HEMREDIE, ABEB X UEHI PR, B
REDSHIRYE, CHEB L UDBESHIRIED, FREDSI OV b - fhiL
Thotzo 72721, EFFARRICN, BhB LY b RE
RS DEHERNE o1, T2, DEEIZCEEICH A
THIRS & 0 b K& RRERTOEEEIEL, PO
MREBLOY L - B OEERPED > 72, NEE
B¥ (%) OFIMEIE, ATEL42% (EAREL (n) =31),
B#EAT15.6% (n=3), CHEAY0.0% (n=10), DHEAT1.5%
(n=35), E¥257.0% (n=10), =L CTF#4%02% (n=10)
Tho7z. NEEEBBROHMICIAEEENTRD LN
(Kruskal-Wallis test, df=5, p<0.001), % 2T, A~FH#D
FTRTO2HDHMAEIZDOWT, Bonferroni i 123D W T
BEAMELAEL (0=0.003), Mann—Whitney %€ % 1T >
72T A, ABEIZCHELR L ICFEEL VAR (p<0.001
% 5 W p=0.001) |ZINBEEIREASE VT L0 hr o 72,

33 E=E

AREFFECTIE, HEMICBIT ST 7 T84 & ik
ORI, 7O CIREORIEHK & OBBREHS 2
WL, EIREOTH & BB & OFIRIZOWTHE L 72,
HEMTIZ, ¥ 77 FZREHIR A 2> & IR Bk
BADRERE 2o THBME LTEIIL, YV -k
T2ELETR2MKETIZEIN L T edol, INHiE

I A OAER L EETERE 59

T (Saruwatari, 1988), Z5EiM (IS, 2005), AXF
(1=, 1994), /NHE# (s, 2008) B LU (B
7K, 2009) IZBWTHEINIAHE M —F L TW5,
6L, 7 IAY =IO RIZEDC L, MR E&
DEEP SR EININITLMEPTH Y, I IEh
RS2 ZEN LD b KE LRERGPES T HIEREICE |
BlE s, I, ¥ I Y FIIDEIED 173 00 5 RO
R EAMNITONS & L2TH (1973a) OFEE L <
—HLTWw3, ALY IARAETHLTIT oI
%7 % Salanx ariakensis =7 ) 7 7 & X 2 F 7 % Neosalanx
reganius \Z BT H, INIHAASLL EORETHER SIS
WK 54 T2 Oke - B89, 20060, 72, 1
¥ HT T T 7k Salangichthys ishikawae T, % { DL
F£0.42~0.84mm OHA TR A &N, 0.177~0.250mm
ORISR VIV b TRERE I NV, 2D L) BRAROK
ERIERICNE S ST LBME LT, MBI
L7 INIIR L SI2E D ABE RiFon, HfiEshT
WEET 720 EZONTWS (FKTE5, 1990),
HEEMIC BT, JREDTHRD 2 & HIEE DS F AR O W)
BHEREATEZRALON, $72, HEMO—ETHRDS
N7z, I, 3EMZE L THIZE L OISR S 7w
FEOEMIITIE, BET %) Y7 2l h 5 900~5,000
m¥/day DEKDITHAL FEES, 1964), TDIZ L MR
RIEERE LMV BEOMFFICHF S L TnE b0
LEZBND, ), 3EMEBLTCELIIER SN
72 70 o T2 A IR A O LB N & e 1
HAEICERLTBY, KEEIVE - B TtE LD
5TV,

2Tk OEINGFT oK, BRINTI0CHI#E (T
M, 1973a), SEMT47~95C (BIS, 2005), /M
FT15~17C (M5, 2008), =L CTAHMITIZ12.7
~18.1C (U, 2006) THo7zo TNEDEFDOHZEE
Wi 5 &, RWFZETEIH S N2 KRITET 25K E <,
FRRMED E o 72, MAEMTIE, MEOREIERDL5H )
57T T, KEPSEEIZEAT A tikEREsEE
RS EEREES, 2010), = DR, WERIEIZIE HEZE) D
KEV, O L) REEHFEIEN DY 7 7+ DFEH
BEICEEE RIZLTWwA b0 EEZ HND, —T77, 2003
EOMEMOKRIIKEIENZERL, —HOEHRT
KR ImT20C 22 TWizo JIT (1968) DOFITFHEE
I2& DL, I dAEFIIET 2 EE0KRIZ4.8~20.0
TTHhY, 23~ 24CHPIFRFRETH S, iEoT,
W ORPTIIAKIRATY T 7 FINDOFICRFIRE E TEL,
DI FOEINREL LTARETH 5,
TEER/NNERNC BT 5 ¥ 7 7 F OIS IE K0S
~ImOPFTBEEETH Y (Saruwatari, 1988 ; HiS, 2008),



Rescaled distance cluster combined

0 5 10 15 20 25
Group A Group D L . . . . )
Content Content (Line No.-Depth-Year)
0% 50% 100% 0% 50% 100% (Line No-Depth-Year)
L1-1-01 PHIIES 5500 o ot ot ] L1-1-03 L5201 ———
L1102 [ R L1503 Ls.0n _Lo-1:03
L1-3-01 L2-1-03 L9-1-02 —
L2-1:01 [oomnnnesn oo brrrrssd L2-2-02 L1-3-01 oo
102 [ 12-2-03 -1-01 —
L2-1:02 [I {2 Lo 010t
12-2-01 L2:3-03 | L10-1-02 —
L2-3-01 L3-1:01 LE0LTE 1 L10-1-03 ——
L5101 L3202 15-2-02 —
L5-1-02 L4-1-01 [555550TF SATAEE | L5-3-02 =————
L5-1-03 L4-1-02 [§ L5903 _L53-01 —
L5201 PRI NENCIEIENE L4-1-03 BOSGE00! AT | e 19-3-02 —+
L5-2-02 L4-2-01 B L7-1-0] =——
15203 L4-2-02 f L1-1-02 —
y L4-2-03 L2-1-0]  e—
L5-3-01 L2-1-02 —
L53-02 L4-3-03 L7-1.02 ——————]
L7-1-01 L6-1-01 L7-1-03 — Group A
o " L5-1-03
L6-1-02
L7-1-02 L10-2-03 —
L7-1-03 Lg;g? L5-1-0] ——— ]
L62- L10-2-01 =
L9-1-01
L6-2-03 L10-3-03  =—d
L9-1-02 ¢ L6301 L10-3-02 —
L9-1-03 BRO000OO0O0N ; L10-3-01 =——————7
L9-3-02 L8-1-01 L10-2-02
- L8-1-02 L1-1-0] oo ]
L10-1-01 ]
L8-1-03 12-3-01
L10-1-02 L8201 L2201 =———
L10-1-03 <0 L1-3-02 — Group B
L102:01 [Eoanarn e el L.8-3-01 L11-2-03
- 18-3-02 f L11-2-02 =
L102-02 AR L 13300 2-
L10-2-03 [t o Lg'z’m L3-3-03 3—
L10-301 EIIFErrs e o L1-2-02 Group C
L10-3-02 L9-2-02 L3-1-02 —
L10-3-03 L9-2-03 L3-1-03  =———e—f
o L9-3-03 —
L11-1-01 12-3-02 —
L11-1-02 H 1.3-2-03
L11-1-03 f ]
Group B L4-2-02 —
Content E L4-2-01
Tou ]
0% 50% 100% p L4-2-03 —]
L1-3-02 L4-1-03
L11-2:02 L4-3-03 -
L11-2-03 PR3eeadaadsadaaacdy L1-2-01 L11-1-01 —
L1-2-03 L8-3-03
L4-3-01 L1303 ——e202 =
L4-3-02 19201 —
L5-3-03 L6-2-0] =—
L9-3-01 12-2-02 —
19203 ————— L | Group D
Group C L11-2:01 L6-1-01 — P
L11-3-01 [ L8-3-01 =]
Content L11-3-02 L4102 L3-2-02 =
0% 50% 100% L11-3-03 18201 —
L1-2-02 L6-2-03 13-1.01 —
L2-3-02 L8-1-01
L3-1-02 Group F 18-1-02 —
L3-103 Content ol ———— H
L3-2-01 " 5 o L6-1-03 ————————
13203 0% 50% 100% L11-1-03 —
34 L6-2-02 L1-1-03 —=————]
L3-3-01 6 a05
13-3-02 L6-3-02 & 12-2-03 —
L3-3-03 L6-3-03 L11-1-02 —
L8-2-02 L7-2-01 18-1-03 ——
L7-2-02 L11-3-02 =
T
3282 YT
L7-3-03 L5-3-03 W Group E
L8-2-03 14-3-02 —
] : Gravel (>2.00 mm) L112-01 L9-3-01 =
. Very coarsesand (2.00-1.00 mm) L7-2-03
. Coarsesand (1.00-0.50 mm) L7-3-03 L7301 I Group F
: Medium sand (0.50-0.25 mm) L6-2-02
5 i L6-3-02 —
: Finesand (0.25-0.125 mm) 1L8-2-03 =]
L7-2-02 =
: Very fine sand (0.125-0.063 mm) L6-3-03 ———]
¢ Silt/ Clay ( <0.063 mm) L73.00 201

Fig.46 Result of cluster analysis on benthic composition in Lake Abashiri from 2001 to 2003.
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Fig.47 Annual change in catch of icefish in Lake Abashiri
from 1936 to 2007.
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Table 9a Population characters of icefish in Lake Abashiri

. Year class
Item Unit
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
Density index of larvae inds. / tow 382 276 119 421 67 91 8 71 57 205 35 4
Density index of juveniles inds. / tow 18,907 18314 10,849 7,448 7,672 3,501 3,677 7229 5,555 5629 4979 4,089
Initial population size 10’ inds. 487,590 353,407 383,659 161,141 215,026 82,037 92,581 166,365 92,933 114,991 144,249 51,964
Cumulative catch kg 80,673 55,184 93,672 26,048 65254 67945 36973 13,863 26215 45100 46309 14,590
Cumulative catch 10° inds. 459,300 319,974 362,243 154,728 210,948 241,703 89,683 46,908 80,794 114,166 139,962 39,831
Exploitation rate 0.94 0.91 0.94 0.96 0.98 - 0.97 0.28 0.87 0.99 0.97 0.77
Date of beginning the seaward migration 1-Nov. 3-Oct. 28-Oct.  24-Oct.  25-Oct. - 29-Oct. 29-Oct.  31-Oct.  20-Oct.  25-Oct.  5-Nov.
Remaining population size 10° inds. 28,290 33,433 21,416 6,413 4,078 - 2,898 119,458 12,138 825 4,288 12,133
Table 9b Continued
Item Unit Year class
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Density index of eggs inds. / m” - - - 170 531 327 42 17 49 -
Density index of larvae inds. / tow 123 20 52 12 46 224 137 30 13 259 -
Density index of larvae inds. / 100m’ 112 18 40 9 33 184 129 23 8 165 -
Density index of juveniles inds. / tow 3,338 3,555 2,732 3,506 3,656 10,773 7,916 5,446 1,500 9.275 6,441
Mean body length in early September mm - 38.3 46.0 42.0 43.7 40.4 45.4 445 39.6 -
Mean body weight in early September g 0.289 0.197 0.170 0.313 0.216 0.192 0.196 0.305 0.291 0.169 0.234
Initial population size 10 inds. 75,996 83,252 152,269 92,136 85,543 197,039 106,238 126,030 36,763 212,653 80,130
Cumulative catch kg 37,193 13,124 29911 36,810 20,908 47,645 38344 13,618 0 9,582 25,939
Cumulative catch 10° inds. 73,547 30,655 147,865 86,621 67,120 180,332 102,640 32,610 0 32,487 75,019
Exploitation rate 0.97 0.37 0.97 0.94 0.78 0.92 0.97 - 0.00 0.15 0.94
Date of beginning the seaward migration 30-Oct.  20-Oct.  11-Oct.  12-Oct.  17-Sep.  24-Oct.  28-Oct. - - 3-Oct.  31-Oct.
Remaining population size 10 inds. 2,449 52,597 4,404 5,515 18,423 16,707 3,598 - 36,763 180,166 5,111
Density index of mature adult fish inds. / tow - 97 402 22 409 55 27 20 58 -
Mean body length of mature female in May mm 753 81.1 73.5 76.7 75.7 79.4 783 76.3 71.8 -
S;;g:ﬂ;;:fg;‘ef:ﬁl: fffemale estimated by 2.4 2.1 33 29 2.0 22 25 45 20 ;
Fecundity inds. / ind. 2,787 3,298 2,638 2,904 2,817 3,142 3,047 2,874 2,503 -
Total number of spawned eggs 10%inds. - 7,262 7,275 26,753 23,532 5,653 - 52,837 225,450 -
Suvaival rate of spawned eggs % - 1.27 1.18 0.74 0.45 2.23 - 0.40 0.04 -
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Table 10 Data set on adults (S) and recruitment (R) of
icefish in Lake Abashiri

Year class S (10° inds.) R (10° inds.)
1985 28,290 353,407
1986 33,433 383,659
1987 21,416 161,141
1988 6,413 215,026
1989 4,078 82,037
1990 - 92,581
1991 2,898 166,365
1992 119,458 92,933
1993 12,138 114,991
1994 825 144,249
1995 4,288 51,964
1996 12,133 75,996
1997 2,449 83,252
1998 52,597 152,269
1999 4,404 92,136
2000 5,515 85,543
2001 18,423 197,039
2002 16,707 106,238
2003 3,598 126,030
2004 — 36,763
2005 36,763 212,653
2006 180,166 80,130
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Fig.61 Ricker stock—recruitment curve estimated for icefish
in Lake Abashiri. S: Spawning adults, R: Recruitment.
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Recirculating aquaculture system (RAS) (Review) I . System structure and technological components
SETSUO SAITO

Mariculture Fisheries Research Institute, Hokkaido Research Organization, Muroran, Hokkaido, 051—0013,

Many studies concerning recirculating aquaculture systems (RAS) have been conducted worldwide over the past four decades.
RAS have the advantage of using much smaller quantities of water for fish production than flow—through systems. Using these
systems, makes it is easier to maintain an optimum temperature for rearing species and also to disinfect the rearing water.
Further, they have the advantage of having less direct impact on the aquatic environment than open systems when the waste
materials and discharge water from the system are managed properly. The principal components of an RAS include a rearing
tank; mechanical filter (form fractionator); biological filter, which removes ammonia, nitrite, and nitrate (nitrification and
denitrification) ; CO: stripping unit; DO control (oxygenator); sterilization (UV light); and temperature control (heating—cooling
unit) . The biological filter is the most important component of the system. In this review, many types of biological filters and

the current status of RAS development in Europe, the USA, and other countries, including Japan, are described.
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A7) 2 & T, MEBRTIIE S B BER ISR D Wz R E
DR & 2L B R IBEDH 5 iz s (FEA,
1958 ; F 111, 1965a, 1965b, 1966a, 1966b ; i A& &,
1964, 1965). T 5 DWIZED S WALMA & 2 DRREE
KEDBERPHAS 2% Y, WFIEEE IR & 2 5 Hil
Rt L7z, 2 ORIEEME O = MET 2470 L3I,
KEEESFEADOIEH S 22 S, LW ORREICE LT
Z L OMANPERENTZ, —TTFRTIE, 19704805
WFEAE A7 Y (Liao and Mayo, 1972), 19804Eft 25
PRARALER S HF 12 50 B AL ERELAR O HESR PR, [ 2850 ]
NOJBANKE 572 (Betlach and Tiedje, 1981; Brune and
Gunther, 1981; Colt et al., 1981; Olsen, 1981; Alleman et al.,
1982; Kaiser and Wheaton, 1983; Krunner and Rosenthal,
1983; Manthe et al., 1984; Miller and Libey, 1985; Rogers,
1985; Wilderer ef al., 1987; Kaiser et al., 1989), 1990 4EAY;
ZA D WK TIRIERIEEREMIC BT 5, H Y AT 4
DOREF\LE R BRI & L C—o DR AR Sz
(Summerfelt, 1996) s THbDHL~YA ZHAZ ) =2 - T4
VE—, INAF - T4y —, BEEE, ik, %
LRI, LIRS THEL S N 2 BITEOERA T -
720 HARTI, EOREZ T RAEEICBNT, ft
IFEEFEOFEFALIZIANT 720U LA DVE AN T2 2 720 1990
FERBEICE, ) T+ =T L200FEE 2T, JEBR
U RE 2R > A T A OFERERAHEA, —ReZE
WZBWTOFERICHNT 72 MADPEAIC R 572 (%
V7 — 7 L 20KERIEFES, 2003), LAvL, BEWZ
[NTWV] DBHFELBZBORTH o270, I A, <
A, bI 7 7EOERBOMMOERL, KPAT L
DEGHFALIE W 2 KA N TV D,

FHN XD T20AEREHT L AGE B SER A vy —
IZBWT, RS L OIEMTEIC X 0 IEBER T
L2 I A0fFERBEEATo7 (BES, 1994 ; B |
1994) s Z DFAMBATEOBFNE, ACHEE RS HSE LIV - W
MW > & —12BWT, T A BMERKE I —EE
ENTWVD, Lo LiIEFEEAREIZSBIT S 3 X MEIA
mRDONTWDE I s (LH, 1998, RO,

2009), FIZAMRUCAD [PHBEEREEHal | = fE
R L7, TAVF— TR N O/ & 5B
F=%va A MR L B L2 RIEDS, RATELG
DIERENZB W THIAICEBR S T4 (Aquacultural
Engineering Society News, 2013), Z Ot BUIRICHEA, £
DHRIFEAL TTRBRE®E] & RBUR L > CWFET
3 %05, AREHHAM OB Z BT 2 & ILITRE
WOELRLEREZE, TNE TOHMNBEEOREZ R
4522 HIICHRFAEZIER L7,

KR CIE, MERIEENEAE] O AT LR L KN
L BRBEMERRANT A LI, BOSEE EOROKEEE IS
B BHAMBAFEOBURZ RS 50 41k, THERIEAE
BY AT LIIET AR ED 255 DEHE 12k UTE
WTHbo

1. BIREEXNEEE 2 X7 LDERK (System Structure)
1.1 #13%E L AKX (Flow Through System)

IS H VIS A E B A FEIE, mEHTRL
H3 (Fig. 1a) TiTbh s, T LTI, MAFKIC
S 5 HRZ M, %050 A BT, #HBZOHENT
K&, FWERNANGE S NG, EMIBIC L o TE, #
B L 72RO AF 2SR 2 5 & 3812, HEKIZE S
RBEHYRESHER SN TS (FE, 1999),

1.2 &EARX (Recirculating System)

FLVHKREZ LR Z0HET 28FHEE LT,
B (Fig. 1b) 2% b, VAT A~NDO—HY7 DK
D 5~10% BIfR DK% EH NI NEED LR L 208
SEEKE IS8 LERFEFIHT 5 (Masser et al., 1999) b
DT, MAKEIIL U72HKE D o MBHPKEL, BBk
NI oT, HTRLAOKRREIZTITHOT 2 &
Wk 2, [ERAAE ] VAT 20K TREY RNICS
ZIE, RO3ODTHEC KRB, D [ATv V] LIRS
LY (FERAERP3E5E) 2 T K< o QKB A
W % R ICIRAS - DR SR THRET S, ORICEM
LTW2HEERT VEZTHEERY, MILHMEOBE T

Inl Inlet
’ et 1 Culture tank ’ Culture tank Cultute tank
et I
€
| Filtration s Filtration
“1 unit “1 unit

a) Flow throw system

b) Recirculating system

¢) Closed recirculating system

Fig.1 Schematic diagram of the three different culturing systems in aquaculture.
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1.3 PBA$ETER A (Closed Recirculating System)

Zuzxt L CHSEESRS (Fig 1¢) &, fBEKRDANE
RREEW AR ETHO I, FEKRCERFFAHAS
5bDThHb, ZDOVAT AL, FEKESEIZELT
5 Z LT L) EEEREITV, B L0 DOKEDOTE
M4 OVEERIEF I L ) RN T b5 D A DFEK
T, PokzLELET, BEAME 4252 WL
B AT LTH b,

TEBEE T ROIERRR L LT, RObDODH 5,
B AKE, WHEEE, APiEE Rk, Bz, BF R
LiRFDOWRZE, pHi%E, EAAEREGIE, AQRSGIE, Jiw
i, W (Fig.2) Thb, HL, ToOHIZIE, FHEH
B> TRBEDENS DL HNUE, —D0HEET
DO T I EHFMELDIOLH Y, ThEhn
OO F RS L12OV AT LIILEHETH D,

2. ERAEADEFRRIM (Technological Components)
Ve L2380 2 A T L OREEED 7= | IS 4 TR &
BEL, TN ENOEREAMN I 5 HalrEha = Ao
B ENEETH D, FEFFEHSEERMIE L RO 720121E,
FNFNOBEZREMPENLTBY, »OoElithsb &k
2, BEREMZEEICHAEDELLEN DL, Thb
ERFEMOPCTIROEBE L 5070, KEEFEILHEMTH
N, BAESHERT AT VBT iR, MEENE R
g5 [HEfL] SRR AZ LEHENT A & L CRAHF T
5 Bzl o200 70w AN db, Ty EZT 2 LL
THLAEERANZIR T A4S, EEREMEICEL, X
DHDIH S T 5B, Nitrosomonas, Nitrosococcus,
Nitrosolobus, Nitrosospira, Nitrosovibrioo —J5, BRI
ToHAEER 2 RS E BRI () T A & LTI,
Nitrobacter, Nitrococcus, Nitrospina, Nitrospira)&DiE{t

BB > A 7 & L EHEA 83

B 5N CTw5b (Watson, 1971; Harms et al., 1976;
Meincke et al., 1989; Ehrich et al., 1995)

e IS TEEHORER LRI NLMEIC L D iThbh
B EMFESMTCHAR, WRE Vot amEr
7200 2 47 9 ISR X S L U ER A 34 (van
Rijn and Barak, 1998) & STV 5%, MAEHOREITZ—
WL STV, RERITAERY Z RERE T 5
HEREEMETH Y, RETRETIEIRAY / —VEDH
B ERINT 200N TH 5,

Pz 3R IRE TITh N B 720, BB A B KDU
FRFEPERAERERCS R £ 5, £/, RERISICIE
BAAERY (25— V5% BLETHY (Payne, 1973;
Tam et al., 1992; Isaacs et al., 1994), ZDFRMEIZILHI L
TeliEm e B L, BAAARWASEENC % S VR
TREABMTHIEPEETH DL, OB, BERWOIK
BICKD, ERFCRILSNTICHMEE®BISETL L
Wb, HMERITAICEERZO, Z0F THEKMEIZ
TAGA T WIS, TEBKRO—E 2 IR 2 & T
TRAEEE T O R ICERAL T AR IC LR S N T W5
(Fig. 2)o

2.1 #BKHE (Culture Tank)

FiE AN O IR R ENE, U LNoWE & Fkk
Th 57, MBEBEREATIIRE 2B E2HEWE %
HRPIZY) Br C S &M CRDON L, fE-T, HilZ
FBERMEV) R TRL, ALY —LKEEES
LT, AORERCEEIZE > LHEE R VEETHRET
X5 2 ERRIBETY OWHENBESHIATZ A S EVLE
T&H% (Losordo et al., 1998; Timmons and Summerfelt,
1998) o

KIDOIRIE, T, BAE, RiRBENH L5, &
W LEROFEMZH T OEMEKETH A ) o MK
TIRAF D PRGN AAK A2 5T 5 2 &2k Y, [l

N Sterilization Water Temperature
Culture tank (Ultraviolet ~ Flow ~ Control (heating
irradiation Control or cooling)
or Ozonation)
/
Physical filtration Dissolve
(Foam fractionation) D — Oxygen
Supply
4
\ 4 \ 4
Biological filtration Biological filtration - CQ: ) pH
(Nitrification) - (Denitrification) i stripping “1 Control
unit

Fig.2 Schematic flow diagram of a typical recirculating aquaculture system.



WIS B 720, KENOKG ZH—12F A2, A
WO E R 5 &I, BERY 2 il o,
BHIHEE S5 Z LAY CE S (Davidson and Summerfelt,
2004) o

2.2 #3EiE@ (Physical Filtration)

AL HEDFE WAL A T P> T, #
AP LD e, KEOEAEZRE, AWEEREIC
HNALEHFETVORNE 2D, 15T, Kl 53k
HENRE, ELPICHY BANR TSRS v,

WSO EIIE, L, ATV =T AN —,
WHRTHEED Y, R AEOE KR OIZEE, THIRIC
EhEGERT L L1205, BARNIC (ILEOE
WL DL, RBRAZ Y= T4V F —IZX DIREE
DB ZEDPHELD, T L, BIFRTVERD
D DIFAETEEA RN E SN T w5,

A7) =740V —1E, HiEE ) io7zo st
AT N, WIRICHHT A KEIEEISLETH L, W
TekEHZHEHL, 20T THKRT S & REOKID
L hbiz0, FEKREBAHTZ LR, HEKD
EEE L CHART 2LEN D S (Libey, 1993;
Summerfelt et al., 1994) ,

221 @K% % (Foam Fractionation)

(AR L, kA W E PRI OIS A T
LUBEEFMEL, [iax 74 Vs —E LTtk X ) H
HWE % 58 - BB 53 L5 Ho—fTh b, L
KOBEIZHFET A2 B um DO~ A 70 LAY LI AE
Wix, &AE, BE, MESERL ZWE 2 WAE - BT
LUEND B, ZOFHIIA - g L WA R
AT DA, KE FICHEZ IS WO R KT
5o COHBITHEDIERCHMDIKITEL T EZATHR
HIENTED, 20 FRTHFEOMMTZHET ) T
5T L JEIEMICHRET 2HNTE L7720, EHK
HONREHEERWETD HHRERRES VX7 BHD
BrZaiciy, A BLATETH L, T2, [WEkTHEER
AICWE IS - BT AHEERHLTWE0T, —
FEOWRMEBE L DEZONL D, HiRELD) P - K
EEWHOKFIMWN TV S (Chen et al., 1992; Weeks
et al., 1992; Timmons, 1994), JAFSEEDOLA D, TLEY
Bal GARREHRT 225, 20 FIETH LG
KL % B

2.3 EiE#& (Biological Filtration)
P\ EYEB Y AT LR E BTSRRI, Mo
TLER OREL D 2 2 EDNEETH 5, H L ViR

Mrtxy b LcBROFERPOT BT, WAHNE, H
BRI OZALO WA 6] GAE D, 1964, 1965 ; R,
1988) & LTlE, v MEHN2BEMHETT Y EZTIREDS
Y= 7 \GEL, RICHAEERIREE DK 48 H IR L %
D, ZOHBBAIIET 5, —77, AEEHEREILK3EMEE
o EAERT 5. K9 5SHEB BT ¥ E =7 R OHRY
PRI LI CHIZ STV B DI IRIEEE 13 157 % el
TWAEAEITIE, EWBEEM A0 TH ] L7-iREE
WHDHZEDVnHD, BERYATLIIBWT, fEKF
OTERRIEE X 48 LWKERAKT L2 ETHIE SIS
B, BOKEDRD TR A, B 2K 2 M 272
DICEMENERELERL 7D,

WAL E OB, M ORI, TV
EZT % 100% B L, HEBOERI DL (, BRI
BFKREL, VAT LOEREIINT S HAF (B
) VNS, KEIRE OKOmENI RV FEET 5 R
IZ& BT ANF—38E) 045, BMiRIEM T, MR
EWORGT, BRMOLE D, FARELEITT
W ZHERFE B R 2 S5 D5 AN 72 SN A HETH 505,
COMBSN R AT TEREL, REFEIA TV
WONBIRTH B, T, KBUEREMERRICBWTIE
FTREMZHRALZODDERE E>TVBED, Kk
YA TOYHEH B, Malone and Pfeiffer (2006) 1%, =
NOKA RIEBEE Y, TICMEMH, NI F 710124
(W) OBEOBE»OGEL, BHRE e T 515
DS EAHEE L 72,

23.1 NA4#70v 7 (Biofloc System)

&M (activated sludge process) DUHE V1%, 1914
4|2 Ardern & Lockett & 9 Z ADOIEE ATFFEE DS, TK
2R AR E AL Z LI LD AT HEEROEIZY %
¥R LAY 5 TAROEALFERIZOWTIHERLZZ L
I2& % (b8, 2003), JCAAEDIZTRLE Z1TH+ 2%
72OTIERL, TAPORAETHERNKE LTI KE
BT 5720106 o7z, TARDOOESRIL, B %
WEDPOIHET B0, 28R %0 AA THR %2 55
I2F 5 2 ETEEPYESN, ZOBERTRISEOHT
H U B MBI, FTREE(LTDRROEZ 2 L0555
o7,

TATETRIEDEEICE VT, EiEOKFIZ,
NAF Ty 7 EIMFENDMEYOREF ) 2 AAICIE
0, WMENCE VBT 2FELT VBT MR
LEREDEIIZ, N FTay 7 IR EAFE L TR
RIS, BT, fE () O
ICE DA SINIRFE EBEFRITAEHIN, —HHRF
SR E L TRt SN S, Tk L ERITFEA L



LTCHoHIZbi%b, REIFZCOH AL LTKPIZEML
KREFITL N 525, EBRIIBEWIC X ) FROERA
oL, 7oEZTE L TKRPICEREST S, 7V E=
TAIHIE O ALIEM I & 1 HAYEE, AYEE~ & KL &
N, WERAPEZ THRD, IR 2N 5 &,
CINIEWEL %Y, N4+ 70y 7 2T Mt
FEESL L TEHEARRAKRL, WETAZ 81225,
—fEIZ, CN DS AT X 2 A5 K O 535 -
<, KREEWICHEELRT VBT RHAEMAHE 2 27 <
%o WICONIEAEVE, AEMOSHLEL, EHF
AEICHY AEN, BELRT VES T RHAMBOEA
LIz 515 (Avnimelech, 1999),

2.3.2 “£#ME (Fixed Film System)

AL ORMIE, HEHRE XM+ Ty 2) &
RV, 2 L7oEY % BRI Ly 5 2 &
NTELILTHY, WREAEIECHAEY T SR
ICHERE T 5 2 LA RECH Do EWBEEEIZTE K% M
WA I LI SRR L, 18704121 F1) AT
TOKZE BRIPIES CTUE L7200 05F ) L vwbilTwb
(LN, 2010), WEMOB E CEEME SR L, 2HE,
B2 RET DHEANAS, FOBRKEEMIZB T KM
WX BIERY AT AEMIIH ST 5,

AT (HMR) 134 M E ETRIRO b OB Y, A
H#E b, TIATF Y /%L ThHD, PHREMIZEG L
TREALHEIC X Y, T RS TN ER B R TR &
LS Do AWPIEE A % i & & 2 1M O &
&, 2RI D B IR IZHEK Z 2 B EUKIER O &
IR E, IR 2 AN TRER R %5 RN
Hbo HAITBVTILIEHM ORI LV FERH L& it
R ARITKBITE S (ALE, 2003),

EER AR, EWEPE LA H 50 IE T 7 A
F v 7 EM MR ICEE L, FOTHALEBRRT S

BB > A 7 &5 L EHRPA 85

bOTH Y, EYEOHBIER AT, HE (EH)
I CRIBEE ASHZE L9, TREIMIC T ER D HIRA
LCHEEST LD 5,

SIS LT, WmBEIREE, BA R IS L o THRBIR
RETWREER e EOEM 2R LT b 720, R4
WiEOHEE D Thh, BEAHICEBEWE L L TV
THMET ST Lld v, F - RERE B DSIEA 123
BLTWEZ e, HFHHRO L) ZEHEZRT, I
Micix, ARV OLI) bR, BT IVHICHE
Wa AEEEL SR 02V b00H ), EHO
FoH Bk, B 008, B 5 WIdEE 2 AW O FEE L
EOHMBRED R SN T WD, BEBEEITE, B
NOWMEMAT EHILH OB T2 5, HIZE TR
P REERE O 2 HEOMEEIFI I NS (Fig 3)o

2.3.21 FEHEKZE (Emerged Filters Method)
BHERICB VT, EYEASOREZMN KO 5t

REOHHEIZENRTWE, TV EZ T 2RI BT
B, EMEMEIL L LW IRELH S,

2.3.2.1.a [E#MAMR (Rotating Biological Contactors)
fABEREZWGI- L2y v 7 ORT, —il% fHE KIS
SEHRE REORRIZ IR ST, FREICER S
T2 & o TH#ILEAT) A TH 5o MRS 2 IS
7 VBT O EMEOMAG VL HNATO NS, ALEE
N TOKRBERRBITA M, FAEROFTAED D
ZEDPHUBIZES B T A F =TS,

KIED & OATHHEROMI TS S, HAEDHK
WPR 5B CIA S &M Twv % (Van Gorder and Jug—
Dugakovic, 2005; Brazil, 2006) o FIAR D53 13 A IZE L,
) oFpd =2 2&E Ml L Tw %, Hochheimer and
Wheaton (1998) &, #ix KD KK EfT 1L 300 m*/m?/day
HLF L, Brazil (2006) &, &7 ¥ E=7 ORIFEL,

Emerged — Rotating Biological Contactors
—— Trickling Filters
Packed Static Packed Bed
Fixed film biofilters
Expandable Up Flow Sand Filters
— Floating Bead Bioclarifiers
Submerged — Fluidized Sand
E
Xpanded Downflow Microbead
—— Moving Bed BioReactor

Fig.3 Fixed film biofilters can be clustered into four fundamental categories that represent “emerged”, “packed”, “expandable”

and “expanded”.



S >

0.43£0.16 g/m*day 25, 28°CCT 4 T ¥ THIEE 1T ) &
DFHETH S L L7 —77, Van Gorder and Jug—
Dugakovic (2005) 1%, [EBEIZ1.2g/mYday iR K TH S Z
&R L7z, TIZCORIEIE, #939% (Brazil, 2006)
H5H\E65% (Van Gorder and Jug—Dugakovic, 2005) 4
FTHEIELEHREL TV,

SR, BRAHBIIC TN, KEBREFD %
{, EEBEHIVLL, WRPESHTH 5. FIZEM D
Hfn L CTwWab 720, EYEoRERL BB Tirbh s, b
HLPIAUE, RO TLE LKL RECH 5 72, T
A OIIGIIRH S TA L [JL)Il, 2010),

[EI#EFIAR L Lewis and Buynak (1976) 75~ X DG
ERLTUR, AMITATINA, 74 FETHLLD
FHETHVWON TR, /72, ALK LFEKEH
WEBEIAR, BOKIER, N1 F N7 A (ZEORDBHW
7o) v —IROBEEHIWEM EZFE L, mERFIR & Fik
(IR S L& AT ) DMLIRET] % B L 72 Rogers and
Klemetson (1985) (X, 7 E=T7BRFICH L TIL, [
MR b AR TH 5 Z & 2t Lz, FAEOREICIE,
Miller and Libey (1986) & Westerman et al. (1996) 3% %,

2.3.2.1.b BB (Trickling Filters)

IR ZREB L2 iEE o BTE A SWEICHOK L, ME
KRHTEM & TS 2 IS EAfrb s b DT, T
KNOBRRIER EZIZFE CHEETH L, WH OB S 28T
1~5mTh b0, FEKOMEBIHOHR LY b T2
W¥—% BT 5, 72, $FEZ L2720 T 5% ET
LHAELH LYY, WBHEOMEIIIAEE L %\,

BOKMEIRIZ, [z Rm IS L, WET 5K
ICET TV A EREARY * B SN2\ @R 5
BRI2, EMFEEONZ T TICE VLSS, ERED
JRISER S NS 720, M2 TEREFME SN, Cov M
END, BROWEDHE T, BEHPED h-0, &l
WCIES RSN TwA,

BOKIERIE, BAZSLWIEM ICRIATH VS Tn7eas,
BETIAF Yy 7BOBONERE L >TWAE, F1
WF L D IR CHEEELT100~300mYm® &L <, FZE
#H K\, Kamstra ez al. (1998) & Eding et al. (2006)
W& B &, WREEA100~200mm’ TH D TTAF v o
BUEMIE, T VRS T OBRENEISE N,

BOKIBR OB E, EAKIRER I IER LRI R AR T 5 5 72
W, GAKTHATAZ LIC@EAMETHE, LirL, /A
UGS 7 Tl V1 AR P B R S5 C AR B D A W IR
HIHETH 5, WBZRONE % 71 7 — Tl L, BOD
ECO,DBEFITI o BEFITILBRUC L N EHEHD HE S,
U RN ILFR S B K & il 2 AT & PES D T EATE

FECTHY, /JANRT —LFOEZEE TS (Summerfelt
et al., 2000) 5

HOKIRIR 2 VW 7285 11212 Otte and Rosenthal (1979)
D74 FETEIT =0y F X, Bovendeur ef al.
(1987) T 7V HFIADH %,

2.3.2.2 Ri&EBKZE (Submerged Filters Method)

B EFEBEEDE DA 7 I) — & LT, RIEEED
Hbo ERELZEHCHEL, ERRFIHATAHFKIC
I DEBFITEWEAMIE S5 (Malone and Pfeiffer,
2006), I, HERBEMAKS WM EFHTLIL
T, VRO %R LI bRz R385, RiEE
IRIUITE B AR DB E ARG & AR O 358 & 2
O EEWR, WiRER, mENEIERERIZT PN S,

2.3.2.2.a ETIEFK (Static Packed Bed)

] 72 IR O35 A T UEA A E S, AW O
RS TbI 2V, B ICEFER 7 A F v 7, H
BEPHNONTBY, EWREOEBIIBERRANICBLT
LI FMARIHAET 2 (Manthe ef al., 1988), JEEMOH
Z, KIZEPLRE N, BHWIIEED SEN LTS,
o T, KREMEE IR (Hydraulic Retention Time) (3,
AHNOIEEKDOFHEIZ L VM S5,

FHE AN S 5 BRI, LIS P ht 8 S 2 il
ORI & 0 I EIEE R ICEHT 5. Z O\ TR
BT 2720, EM%ZE L GEET 570120, FHF
Wa B B 720k T 28BS L ECTH L, MO
HE DA EERAESET S 720, EHIEEEScm O
AREE25em U ED TS AF v 7AW T E L, H
FES5em O AL, HERRFEEITSm’m’ TH Y, I
0~50%FETHD, ~HTTAT v I EMET V5 A
(ZEEOAATEUEM OBy tr, FHRIFESIE 100~200mYm’ & I
B AS, Z2RRERI395% L RERIEE 7 D,

WEIIEEIC A SN EEETH 505, Bk
Z MOSE L, B O N T TR B 2N T E O P
Mo, HINLEZoTWw5S, L L, fEHEOK
VKRR R E TV O R, ¥ HBREHEAT
HIET, REBANY T LR IAT VO THNT
W5,

23.22b [EREK (Expandable Filters)

JIRIER T, BReKEHVIRE, &5 03
MREx4T) 2 LT, EEEKROREEH > TWab,
VM 2 RS, BB A2 LT, EMEREICERESNLS
GHAEMEERE L, EEROKEEHERT 5. BiRIE
PRIE, W% BRIy 2B g & L ORI ETDH



D, EEEEL LCT Yy ESTOBREIEHENS,
Z0720, BN RHEERPLETH L, WREKRSE LT
X, LiiaiEEeE, FE Y — X EYERZSETH D,

2.3.22.b-1 _LRAAmFIEESE (Up Flow Sand Filters)
RyEAeHE, KKH 77—Vl S, AR
EHERTH D, AYEBEiRL LTHHEHIN TV,
T F AR AT O BN D B 72D WD E R I,
AKREECIRIE S STV 228, EPEO A K 13K
D TEWIFRESLETH Y, HRICHE ) KOBELIK
Eniw, BAEEMICFREFEH I N TV,

T E — XEMiEERS
(Floating Bead Bioclarifiers)

e Y — APEEERE, B & RS, BIRRCIRIE
#MeHL7zbDTHAS (Malone and Beecher, 2000), A
IR, B R AT A WAL LT bk
% (Chen et al., 1993), [FERFICIEAET v E=THEERT IR
BT BMEMIAET 2 DI TR hEREEFF> T b
(Malone, 1993), Y — XyE#e5i3, AW & WIEE
5 OFERE % Hfedafi 2 72 lgr &L e s hTwnb, ¥—
AT ANY—=TIE, KLY BBVEERIVEEDT T
AF v 7 €= X% ANTEAXOEEEIC R CfE
KEEBAT L, E—X LI ENERFEICL->TT
VEZTEORES TS LIS, ¥ — AHEmEAl L
BICERHT 5720, ©—ZX@ o T OEsG Tld iz BEH Y
(SS) DL T v FEND, SSOBRFIIIHED THM % HF
ThY, FWBEREICE L TH R TRER & 2%
Wk DOHEN % SN TWw b (Malone and Coffin,
1991) o

PolyGeyser U — X 7 4 L ¥ —I%, ZERJEIZL ) BHEIWIC
HED TN S, KIZE — AHBTEHE I N2 JER O T ER
LAY, 74NV8 —FHOPE LAZICHNL, ZDH
W ERIEE & AR SRR IS AT b IS, F T, BRA
Ao HIHE SN, FORE SNz E 26 -
THPREND, FRASVEIIR D L, HEINICZREADE
BEDOEKDWRDOT O ADAKR, T4IVF—E—X%
RAEL, BNFEIT, KOMEERIE, K771 7 M2
X 0frbh, HHROKIE, BEHIKwW SN, JEE)
FR SN D, Wpkicrk ) kofEskida L, By (7
1) OHHEOBEOKOIEIIZESI RS, 1o T, K
MEE, FRIC L A ROUANEN D, HREE CE
HE2GEERTH L, ZRIFICLBBMEDLD, 77
AF v 7= ADRL|ESINL 2D, 74 V5 —KH
DEWREEA RN, A LER 2SR S L5 (Malone,
1992),

2.3.2.2.b-2

TEBRGBITE > A 7 & L EHRPA 87

2.3.22.c #ENFERIEAKR (Expanded Bed)
REEBSBOE=077T) — & LT, REBEEER
Bd b, EBHAEICKPICILA > TWD 720, EEWIC
E5 74N —DRENEL, EWENEICRINS,
WM ORERREIIKE L, FFICEZOMP LR T T X
F v 7 BOE - AR INL, REIIEERE, <17
U —X74NV8—, MEIRANATNVT 75 —D35 4T
Wb

2.3.2.2.c-1 #HEMPRES (Fluidized Sand)

WEIRANA F 7 4 V% —1F, KB LEmKZ (15m’
/min X 1% 400~4,000gpm) THEH SN2, AE#HZFDOHF]
ZEE, EMORKRER/IERICKRENI L TH DL, M
INDFSR T T AF v 78 — X TlE, HFEEE L4, 000
~45,000m¥m’ TH Y, BHUKIEKETIE, 100~800m*/m’,
Y—X7 4% =TI, 1,050m’m* TH5, iEIRIEEE
&, AT—=VT v THESHTHY, WENEEE DS W
(Summerfelt and Wade, 1998), L7, gt OEHIZ, il
DIEHOYMEEFD D DICH~_EETH L, REBEHRDT
VEZTHREZRER, BKRTCTOEENYEE1302~04
kg/m'/day TH V), m/AKIRIEGEIC BV Tid0.6~1.0kg/m’/
day T& % (Timmons and Summerfelt, 1998) o

KIEBEFO RN, R FICLBEKITA MFFH N
&L, BOKMEIR MIEEATEIR & RIS, BREiTh %W
e THbB, BT, ML <, FERBYORED
WEETHY, 77 7)) v 72RZI$TIETH5S,

RIEBLFZIBVTIE, @RS EDLZ L, B
TEETH S (Summerfelt and Cleasby, 1996; Summerfelt
et al., 1996) . JEBEFDENDEAKIZIIHA R TERD 5
B, AR S, TR EEEF DK E TIEbE 2 VD
5o T 74T —OTEEIZEKL, REIJEDFHT~IK
WTFERICTEHDTHD, ZOTHEKAK &I EAK S
AT LE, BISRY TIEE O 13~ 12 DA & 2552 H
F%,

ARG EEO KX RF I, A% 50 b HALOKBET
FBELBATD, TVESTRBEHRRLZLETH D,
L2 L, ARSI E T 5 RIS i - T b,
EAEARIEE ORISR AMZ S, BLEOEOMH
MoKREANDLZET, BEHENEZKRPEY %055 A
WIFHL %D, LORFERCERNEKRIBLERICZ o
72 (Timmons et al., 2001) .

KIEEZE D EWIEANOBEZE O, BEIEER & FkE
WEBKRIZE > TORITON LD, WF, EEE~OH
BAKOTEAREAE N0, WM, BRI
IRERN & 2 2 & idlEn, F72, MANOBEELREEL,
—BERT B AR TR L7 DSTRE & 7% 56



2322¢c2 YA U7OE—-XT71)bZ—
(Downflow Microbead)

YA 7 0¥ — XL, BEOFEY — B &
SRR B, FilEY — XZEEE o F 2D S,
WA E LTEMCFLLTEY, EHOERI)EEE1
k720 700kg LETH Y, e~ A4 70— X2
NIEEMTH B, ¥4 70 —XiFKY ZFL v # (1
b 24720 16kg) T, FEI~3mmTHb, ¥/ 7HE—
g% (Timmons ef al., 2006) 1%, EHDIEEZ & 0K
JAMNT, KRBEEPTRETH D, T2, T A MIRH
WiEEIRD50% EMKT A M THY, ZIUILVKEEIESE
EEWEBDOR Y IHMEHERL NS THL, ¥4 1
Y — Xl 1m M NS0 —HIZTAN (&7 V%
STHEEER) R 2kgUEHR S, (HOKOT v EZT
B % 2~3mg/L \THERAE R . IR OBAT, K
WAL %25 £ 50% < HVRENIDINT T 575, iRENbIE
s L FREORNZECTH S (Timmons ef al., 2005) .

TRENRNAF )T 7 82—
(Moving Bed BioReactor)

1980 EARIIALS, /vy = — THEARLIERIC L Y ki
HY AR 5 BT Sz, fEROIEEZRICIEN
TENTWLEE LTI, REHRIDR L, Mg
Yz eToHY, BAEI—1 v 2B 5 PR i
BT, JAKHHSINTED, #HEIZBWTIE, BEEO
TR DHLTER LTV,

ARPEEE, FIEEDTTRETH ), WM OFEL 0
#E:C, REBEIAD %, REMMEITRE {, HHEIIA
BCThb, ZOWEBEIE, IFREMTIIMILYS, Bi5%k
HTIIREDSTTRETH 5, HILT 27O DHRGM 2 1E
LI ERDWE FIIEER S, TEDZOOHRSMN
T BIIEAKRF I F =D RETH D, BHITEE, W
HEAEEDT0% HH LTV 5, W2 O» Sz v
FRICTSLED Ay ¥ 2R MAFEIRO R 7 ) — 2 h3EE RN
IR ICELE S NTB Y, ZOdhICIEM LTI AN
BNTW5D, JEMIE, BFEERYZFL Y (095cm®) #
T, AN HEFIRTHE, SEBICEEIRDZHE v T
% (Odegaard et al., 1994) o

2.3.2.2.c-3

2.4 pHREU7I A EFRZ (pH and Alkalinity Control)
WALERC RIZTEROER D DI, pH, T
BE, KR, AR, B _BLRE, HOSrd b,
TEALVERNC RT3 pH D58, 387560 4EMIIZE. ) F9E
ENT &7 (Biesterfeld ef al., 2001) o Nitrosomonas \& pH
7.0~7.8, Nitrobacter \ZpH7.2~82 W%l 2 HE ST
% (Painter and Loveless, 1983; Antoniou ef al., 1990) o

7V EZTIIKFCONHA & N DT THEEL, 0
EEGIIARRE pHIZ K D E 5, fIZE 5 THERNH;
W pHAE W EEIEDE L B D, WAL IS pHT ~8 Tif
P, pHO LT TSR LEB 24213 5, 72, ML
W7V VWEEEE L, 7V E25mg CaCOs/L
DTl fbidfE4 4%,

FALICEED T A VHOHERBE _RLikFzOE
PO pHIE TALMEMIIH L, ZD70, EFCO DR
R T NI WEOHKEI LY pHZFRET 2 UEN D 5,
pHEY v — L@ &8, 7UhVWE (NaHCOs) ZIRhN
T5HEbHL, TVAHVYEDHEERNT YV E=ZTD
WL=ICIBIT 22 &20, REEIBLTT VA
BrREMT2HELH5, —7F, hFEeT v THOF
HAbEZONDH, BURRERPH - T, KEOZKHEL
HIZKEANZ T TIZEDN, TVAVWEOEHE
PWAT 5o flE kg 123 LT 0.25g D NaHCO; ASLE T
& % (Loyless and Malone, 1997) o

2.5 BEIEBB{ERFDRRZE (CO, Stripping)

RN 7)) T OWRIC X ) LR EDTAET B0
IR DOEIFIVAAE COx 1349 0.5mg/L T, BWEIFI & 72 o 72856
&, R & oM, SRS b, HEREE LITA
2o, KHPIZEREICEFET S (Summerfelt and Sharrer,
2004) .

DCO. (BAF _MRALRTR) Mk EmEIc L) B2 205,
—fAZKAENE 20mg/L LT ICT 5 2 LSS ST B,
DCO; & D b DN MOIERIZFZES 5755, HIZIHTEDH %
BATYH, BIBEICLLEKROpHE FIF 5 DT, DCO,
DRFILETHY), ZOOBRTR, BRI TONS
(Summerfelt et al., 2000; Bergheim et al, 2009; Kristensen
et al., 2009)

2.6 ATFEEZHIH (DO Supply)
BOREICEEL 2 2D0 (AFRRER) 1, o
60% FEE L ShHN TS (Summerfelt ef al., 2000), fit->
T, KHEHITTODOA60% U127 2 BRI R % ka4
BULBEND B, KENOMIGEEREIL, BOKRML72D
WFEHBEDPOEIE SN, BN ) OFFEEIL,
mX (BEMERIEE -GG REEX06) &k b,
F 72, LR QRO BBECHETHE T LH05, 0
BLUREEDORIHETRTH S,
HATITBELT L—Ya Yk W AEREEE LS
DBEW, TT7L—3a TN EICT A2 & idH®k
e\, BRI OBEFRE A ST 5720120, MiEEER
BERREDOFEVAEREBEBEARTHRG T 2LEVH S
(Summerfelt e al., 2000), Z DS, BEIZILL 7> T



LI )L, BEREARRLEFIMGE 25 Rk
LU —=ZHWTHIET 2 8D H 5

Knowles et al. (1965) 2 X % &, Nitrosomonas i, 2.0
mg/L ® DO T b i LIERIZ R BT E\ DS, Nitrobacter 13,
Amg/LULF T, BT LI E2WEL TV 5,
Wheaton ef al. (1991) & Malone et al. (1998) (2 X 5 &,
KO TODO2mg/L %, WALIEM % MEFF3 % 1 CRefiiR
VERZDOL NV THDL L LT,

2.7 KEBEHIUHREFIHE
(Water Temperature and Flow Control)

KIBIIKE LB OEELZ2EHEHCH Y, AOREC
B L FPHICHEE L R e & v, KIEHIENIC
1, KREBEBENRGHT Sk, ENEERTLHH%
BHb, MNLBEYR AT LZDLDOREE 4512
TV, B AV F—OBER T RANBIZTRETH D, K
FHEBEINRG T 5 53T, FRAERE (Bl &b
KIEDE WAL, FAEKOERDILL 2HDT, TE
PLETH 5o HIAKIAME < FHSIREE 2 = VW B aid,
WS T Chw EEBEBFRE L, BRI EL RIT
TZEDDH D,

TEBER L, KENOT »EZ T, EYIEBORY
ft&, KE~OMmEMEESLAKENOTHEIHE L IIT
FTo MEEBRPABTEEICDLAMED TV ba— Ui
HETH L, MHEMLME SIEEE, HHREIrOBEI
207 B THEOEFPRMEDFE SN, EROME
KRR AKEIG U727 v B TRALEE D S LEE T 5
EHMER BN T LLEND 5,

TG T ILFR K D T >~ & = T HESE L 12 & ) &AL
T 2795, BFIINHAN SmgLU T CIERE AT 5, &
KEALHEE OWE TIE, NHeN 10mg/LLL ELOFENT
ZTRETHNEEINEGEELL DT, HHT LMD
TEALREE DS & DR RE CTHIE S N7 TH 5 »iLET
NEThHbH, EBICFHABTTL2HEOT v EZTIRE,
NH:—N 1mg/LIEETH 505, FEHMILHEE TR ML
HE L) 2RV %5,

FEALVER T 2 KIRO BT, EWILFNIER &
FRELS, Wb CEZEALRZER (Okey and Albertson, 1989) T
3dH 505, WIFERSEIZES N T A, KIBDSTEILIERM 12
KA 2L, van Hoff-Arrhenius X & [AEECTH Y, %
HKIRIE, 28~38CCH Y (Sharma and Ahlert, 1977), 14
~27C OHFPHTERED T I S Twiud, BE%
W E I NTWA (Zhu and Chen, 2002), F72, %=
FEx SAE O IE 22 F B AKIRO S TH UL, Ko L5
&SRR ITERRAIC E53 4 (Wortman and Wheaton,
1991),

TEBRGBITE > A 7 & L EHRA 89

2.8 XDOFZE (Photoinhibition)
HIWALMEOREZHEL, BHOARZMRT
(Guerrero and Jones, 1996) . fSfUAIE 1L, WHEH, Rk
BRI L CTEZEDEY, T 7 a— L CONEL
IZEBHEEROA AZEDTREN TS (Muller-Neugluck
and Engel, 1961; Bock, 1965), Nitrobacter | Nitrosomonas
SIS EAT5ES (Bock, 1965; Olson, 1981), Nitrosomonas
oceanus DIETEDIH| S L5 (Watson, 1965) . J%F480nm
DEINE O D B2 HIH] S5 (Schon and Engel,
1962), —7J7, Ml & 872> 6 OEAIZIE, AT T
HOR#ENVETH S (Yoshioka and Saijo, 1984) .

29 #HE (Sterilization)

TSR e REEREA L, REMER Y A VR
L PERET A I e L, FLT, REEYL
LCEERDPER S NS 720, MoOfLZEHBER LD b5
BIZE LV, YV VKO RLH R ORI L
THRO TEHWRIBEETET 505, MESPEJEMIZE 5T
BEETH B, WMEHEMITIE, —IKEITIC X 55
Wik EORIRES P E BRI L A IREREIC L > TE
BENDH, HEIEL, TOEVI0%BRETH 2
(Summerfelt and Hochheimer, 1997) . KF AR, 4512
WA AET A L E IR L, BEMELT TIP3
(Rosenthal and Kruner, 1985), HEHEE=CFBRA 4 » DSFHE
FTAHBICH, OHIEZHET 27-0, FICREREIME
9% (Legube ef al., 1986)

TV, WEMEERT O, wkPTiRP R L
b, 0.02mgL D OHENFWETH L, Lo L, PFKFTIE,
HICEWIEE CAHEERE AL EE 2 5 (Liltved ef al.,
1995)5 0.0093mg/L DIEFEDF ) U HFERE LT b L <A
FUNTHEEMD D S (Liltved ef al., 1995) o THN 7 £ )L A
WX B4 Y OFHERIERIL, 0.20mg/L DIEEET 10551
DB THENTH S (Owsley, 1991), —J7, Colberg and
Lingg (1978) 12X 5 &, fERMEE S AT AIZB VT
Aeromonas, Pseudomoas, YersinaiZsOFREHE 247 LT
VUIE9% FRITIES B DR VY OREFIL
WTHY, TVT I THEDHEFILD ZOHEEDITR
ENTW5B (Theisen er al., 1998), LA L, HEEWEND
KEBARIZEIARBETH H720, HEHHERLOD W
KR SNERETH B, T2, BEZETHEAKIC
TV rEERAT L, FERBIELTEYA N (BrOs) »°
AT A 72% (Summerfelt, 2003; Von Gunten and Hoigne,
1994), &M T 4 V& — %l L7zt SIBKISHEKT S
VERD L,

Ehis (UV) BED A v LB, BEICEYEL
TEBRIEEET ISV S TH7z, Spotte and Adams (1981)



W& B e, UVESHIERIES S AT A12BI1T BIEARD
BEICHERTIEH 525, UVREEE ORI D
59, WEMARIGEEICYIICES 2 Eid v, [EERS,
WERY, LM TEICLAREICBVTD, BallE
DA Z i\, o T, RAMMOAL ST, K
MORERDOBEILREL TBL I LIEEETH b,
UVHEBSHE, KR K E B ICHKDREICHR
(Liltved et al., 1995) T, 7 A NVA L) HHHE I LTE
DEMTH D5, AW OL K CTIIBRER RIS
TE 7\, P 300-200nm OEIEAFIH T FETH 5 75,
254nm 2% b KR TH 5,

3. FEEOY) A&

TEERIE AN Y A T AT A %R, FlcF—uy
N A(Frv~—=0, X925, A4V, JVIz—, 75
YR) RT AV, A ATITI, HEETHEDSNTE
720 HEOE L RKFEOMFEABE T M F N TRF
P 7z f0fE R0 SCHRSE & Table 1Y £ & 072, FTAEARFH
BIFSAEAC R Y, FkOR R 5§, iE, @E, 1>
FEOEA IO WKL T 5,

3.1 KE

IRESIREE OB 2 O WG RIZEFE 1§ 2 H M Ak L <,
MEHFD [7F] 252 DI 2 B3 5720, EE
BT OERMIINETH 5, WBrfED 0T,
DT, HER, BOESEOL Y vy —, REOHLELTO
WHMELT2EZIVPEMEL 2o TWb, o THEGH
13, BEETH ) b BT O TS (SFFF, 1999 ;
< Tk — T L2V KEREEIZES, 2003),

fafE & LTI, Rainbow trout, Arctic char, Tilapia$®
RKEDERTH Y, KGR OREES 206, K&
1 7 e M OGSk LAHIE D v, KV AT A1 E
(R A & BB BRI ST b, KFEENTTeRk
B & ARG AN EHE L TR D, IR EARE] AT
KTWb ELMFEHMEZLTISHNT %0

3.1a North Carolina State University

J=AF v 7 A FNRFCE, KEIZB T 5165
B > X 7 LZEOMERL T. M. Losordo 258 1), 1970 451§
PO AYEEEE, AT AREHEEONITE, HAlHIEAHE
JTE 24T T W % (Losordo and Westerman, 1994;
Losordo, 1997; Losordo et al., 1998; Westerman et al., 1996;
Losordo et al., 2000; Losordo and Hobbs, 2000; Delong and
Losordo, 2004) o 1990 4812 I ARELA (2 B3~ 2 M) D[~
PRI LR RBFET Lz, £72, ABH & V7o
HEFEICH A B T A PHIZO W TR 2R E 2T > T

% (Losordo and Westerman, 1994; Dunning et al., 1998) .

3.1b University of Maryland

AN =T Y FRFETIE, FlEKENA T R OBEY
FORME L D HIE %1 > TWw A (Hochheimer and
Wheaton, 1998), Z DWFZEHERLTIE, N4 4727 /0y —
12 & D EEICEE S N fIE, e HBIEBKAE &
MLTHBEINTV D, #lzksy 4 TOMERE ON1F
VT 75 =) 2K BARMBEGN 24T L (Tal et al, 2003),
gk, B ICBES ABUEM DX Y 7 AR AT &
12, TR E THEE 2 LD TV LIREET FE v
7 AHEDOWERIT > T\ D (Tal et al., 2006) o

3.1c Louisiana State University

WA DT FIMNRKFOIEERY AT L TlE, W71V
57— B 7 2B RAISE 1T Y, FilER e — X7 ¢
NV —FRHAL, BEO/NULER > TWh (Gutierrez
—~Wing and Malone, 2006), ¥ — X L121d, BiHim & —
ptlE R EME = 1% <4 (Malone and Beecher, 2000),
RyTEEH LAWY 7 b RICE - T, BEEAHFE
DFEHER > TWb, fFRY AT LOFERI VLT M,
2oy M, [T, [%EHE] £ LT T#EFENHT]
T& % (Malone and Pfeiffer, 2006) o

3.1d University of Texas Medical Branch

T XY ARFOEFERTI, FEFSE O I
ELTA M (Yang et al., 1989; Lee et al., 1994) DFH
IIERAEEBZHHLTWA, KV AT 4L, fAET
BAMNHE L 72T L O, RFIREED ERET S
TANY —, APEEROBE (X5 =), ek
SrHEREIE, WAV REE, =TV 7 MRV TR
S5EHET LA —F IV ERENDE, TheD
VAFATHEERIE, 32—y 2k EELSN
(Lee, 1995; Lee, 2000; Lee et al., 2001), IHARD/ T 7+ —
YA EBVRAERKEDOMFEASTEETH ), AEEITK
E R NSO [HERF] 25217 T b (Lee et al., 2001) o
AEEREB L, EFEWE (NH;, NO,, NOs), pH,
ORP (AL@ICERL), /Kil, M4, DO, WMETH 5B, K
BUMNCHRICEE 2 EHEAREE, WAKH ImL 4720 O
WETH b, BREBREOR P TRENLRT Y EZT
REFZOMILERE 2T 720121E, MEKZEIZ
LUENH Y, BHEEE 100/ mLLFIZL TWwab,

3.1e Cornell University
I — F VK12, North Carolina State University O T.
M. Losordo & £ ICHIDEEY ¥ KT A &AW FEAT L7
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Table 1 Main universities and institutes conducting research and development on RAS

Nation University and institute

Target species

Examples of references

United States of America North Carolina State University

Tilapia

Losordo and Westerman (1994); Losordo (1997);
Losordo et al. (1998); Westerman et al. (1998);
Dunning et al. (1998); Losordo and Hobbs (2000);
Losordo et al. (2000); Delong and Losordo (2004)

University of Maryland

Gilthead Seabream

Wortman and Wheaton (1991); Hochheimer and
Wheaton (1998); Tal et al. (2003); Tal et al. (2006);
Lyssenko and Wheaton (2005); Tal et al. (2009)

Louisiana State University

Blue crab,

Manthe et al. (1988); DeLosReyes Jr. and Lawson
(1996); Malone and Beecher (2000); Gutierrez-Wing
and Malone (2006); Malone and Pfeiffer (2006); Pfeiffer
and Malone (2006);

University of Texas Medical Branch

Loliginid squid, Shrimp,
Flounder

Yang et al. (1989); Lee et al. (1994); Lee (1995); Lee et
al. (2000); Lee (2000); Lee et al. (2001)

Cornell University

Sturgeon, Arctic charr,
Rainbow trout

Chen et al. (1991); Weeks et al. (1992); Chen et al.
(1993); Timmons et al. (1995); Bullock et al. (1997);
Timmons et al. (1998); Greiner and Timmons (1998);
Singh et al. (1999); Timmons et al. (2002); Timmons et
al. (2006)

The Conservation Fund Freshwater

Institute

Rainbow trout, Arctic
charr,

Summerfelt and Cleasby (1996); Summerfelt et al.
(1997); Summerfelt et al. (1999); Summerfelt et al.
(2000); Summerfelt (2003); Ebeling et al. (2004);
Summerfelt et al. (2004a); Summerfelt et al. (2004b);
Summerfelt (2006); Summerfelt et al. (2009)

Technical University of Denmark

Turbot, Flounder, Parch,

Suhr and Pedersen (2010); Kirkegaard (2010); Pedersen

Denmark Rainbow trout, European )
(DTU Aqua) cel, Atlantic salmon et al. (2012); Dalsgaard et al. (2013)
France Eiislz:/jtseI?;rng;glzfag:;nz? tl}{lzsse;rch Sea bass, Rainbow trout, Blancheton et al. (1995); Sauther et al. (1998); Leonard
(IFREMER) Turbot, et al. (2000); Blancheton (2000); d'orbcastel et al. (2009)
Institute of Oceanoeraphy of Kiel European eel, Cat Fish, Otte and Rosenthal (1979); Kruner and Rosenthal (1983);
Germany Uni ur it graphy Tilapia, Rainbow trout, Rosenthal and Kruner (1985); Thetmeyer et al. (1999);
fuverstty Turbot, Stiller et al. (2013)
Euronean Eel. African Bovendeur et al. (1987); Heinsbroek and Kamstra (1990);
the Netherlands Wageningen University (Aquaculture catfi sl; Rainl;ow trout Nijhof (1995); Kamstra et al. (1998); Eding and Kamstra
and Fisheries Group) Tila ia’ > (2002); Eding et al. (2006); Verdegem et al. (2006);
P13, Verdegem and Bosma (2009)
Institute for Marine Resources and Turbot, Flounder, Parch, Schram et al. (2009); Martins et al. (2010); Schneider et
Ecosystem Studies (IMARES) Sole, Sea bass, Sea bream al. (2013)
The Nlorweglan Institute of Food, Atlantic qu, Altantic Terjesen et al. (2008); Kolarevic et al. (2012a);
Norway Fisheries and Aquaculture Research ~ salmon, Rainbow trout, Kolarevic et al. (2012b); Nobel et al. (2013)
(Nofima) Atlantic halibut, ’ ’ ’
Norwegian University of Science and gtlraomg;nczi’ j;li?t)ic:’ Odegaard et al. (1994); Eikebrokk and Ulgenes (1998);
Technology (NTNU) C}lllarrp ’ Kristensen et al. (2009); Attramadal et al. (2012)
Tilapia. Common ca Aboutboul et al. (1995); Arbiv and van Rijn (1995); van
Israel Hebrew University Chaﬁnél catfish Eelrpj Rijn (1996); Barak and van Rijn (2000); Barak et al.
’ (2003); Cytryn et al. (2005); van Rijn et al. (2006)
Sea bream, Sea weed, Schroeder (1987); Krom and Neori (1989); Neori et al.
Israel National Centre for Mariculture Abalone, Sea urchin, Sea (2000); Krom et al. (2001); Mozes et al. (2003); Neori et
cucumber al. (2004)
. Wang et al. (2007); Liu et al. (2009); Xial et al. (2009);
. Chinese Academy of Fisheries Channel catfish, Spine Zhang et al. (2011); Zheng et al. (2011); Gao et al.
China . stickleback, Yellow . .
Sciences catfish. Silver ca (2012); Zheng et al. (2012); Liu et al. (2013); Peirong
’ P> and Wei (2013)
India Cochin University Shrimp, Prawn Kumar et al.(2008); Kumar et al. (2008); Kumar et al.

(2009a); Kumar et al. (2009b); Kumar et al. (2010)




Table 1 Continued

Nation University or institute

Target species

Examples of references

Tilapia, Common carp,
Channel catfish, Eel,
Abalone,

South Korea Pukyon National University

Kim (1997); Kim and Jo (1998); Kim et al. (2000); Park
et al. (2001); Seo et al. (2001); Park et al. (2008); Park et
al. (2009); Harwanto et al., (2011)

Central Research Institute of Electric

Japan Power Industry

Japanese flounder

Honda (1988); Kikuchi et al. (1990); Kikuchi et al.
(1991); Kikuchi et al. (1992); Honda et al. (1993);
Kikuchi et al. (1994); Honda (1998)

Miyazaki University Eel

Maruyama et al. (1991); Maruyama and Suzuki (1998);
Suzuki et al. (2003)

Tokyo University of Marine Science

and Technology Tilapia

Takeuchi and Endo (2004a); Takeuchi and Endo
(2004b); Takeuchi and Endo (2013)

M. B. Timmons #°\* % , Sturgeon, Arctic char, Rainbow
trout 5F DY A Z X FRIZ, FIH A O bR ia kit
218 (foam fractionation) DPAZE (Weeks et al.,, 1992; Chen
et al., 1993; Timmons et al., 1995), FIZHERD 5 DOFKIE
REF 7B E—-ZT 4V F —&DREBKEE %17 - 72

(Greiner and Timmons, 1998) o

3.1f The Conservation Fund Freshwater Institute

WoKRERE S v ¥ —120E, REAMICET 2 MM
o < Rk L 72BF2ER S 247> T\ A S. T. Summerfelt 288
D, FEIEAKBESGRE L TEMBAZEICERY HLATY S,
BEEEL LT, V8 0E A (Summerfelt et
al., 1997, Summerfelt, 2003; Summerfelt ef al., 2009) < A
71 A7 1) — (Ebeling et al., 2004) %\ 728S%1) >~
D B B O B %, B F AR R ZERAL R FE OB %R
(Summerfelt ez al., 2000) ZDFTEE4T > 720

3.2 M

-1y 3T, RO OERAEHERME Y AT A
MHRFEEN, TFF, VT AHORKAEITRICER
ftEhTnbd, AT LHEO=—XL LTiE, ORK
KDHEY & THERKOTFEMI & 2 HARE, @ik
DYLELZHILTOE T ANV F —E0EEREH - 72,
F 72, @HEIAR E@QFEHOPHERIH~D = — X
NET oI enFIFS5N 5,

HRBRBIORER L Dy —EEPSBRINL 720, i
T2 O FE R IR D CTHEETH Y, FESRURE F2E5E I
T HIFEBSE AT 1970 -8 HAT b N T 5, FREMEICH
BT B0, HARIIIHLESHA SN TBY, K
Bk, MAOHOMER, IS AT L0H%
DERE SN T VD, FIHER T LTI P EHHEE
DRE %7 L2, OB HIMIEEZTVO D8
WAHRRIZID T B ¥ AT A0SR TV A (PR, 1999 5 <
) 7 F — T K21 KERFERTFES, 2003) 0

3.2a Technical University of Denmark (DTU Aqua)

7~ — 2 @ Technical University of Denmark (DTU
Aqua) TlE, FIZ=ZTV Y AZWFRE LI-WIEREI KA
TdH % (Dalsgaard et al., 2013), #iffE & BRI ONT
>~ A (Pedersen et al., 2012) REERIE B & TTEIRIEHE
O FEHBETOLEMEFT 21T > T b (Subrand
Pedersen, 2010) o FEERIIFH, A ¥ — FTHRBIR (€—
ZHUREE) 1245505, SSDFEL A4 (RN E T
H Y IKOMEHEN D7 THED,

—7Jj, Turbot, Flounder, ParchZEiEfADEH biThH
THY, RMICHELRESRMEE LT, F, T4
FASHIG BRI S A D, FHAE BT 55 b AT
bhiTwa,

3.2b Palavas IFREMER Station

7 5 ¥ A D Palavas IFREMER Station fifii¥ (3 1970 4E |2 F
WEEOET VL LTERSI N, ZRDRENIAH
DAL TH Y, BAUTRDOEE 217> Tz,

C DX DEREAMOER KA > ME, PIE# 7 «
Ve —Thl), FABEHRFOREWE % HRLEY B
THI LD D, FAROMARIE S/ HIRAKL ETHIUL,
Pk osEFEREL, TR LRNEFELTHLE, ¥ =N
Z  (Blancheton and Canaguier, 1995) O #E %1 100kg
m* T, FKROUKEEIZ0.5%FEEE, FIFEARPERIZERT
LS D BDS, M@, 74 V5—, TV UMBEIZE
AT > TV Do DOIX80% UL L% HERFT %, pHIL8.0
~8S5VHETH 5, FIFEKIE L LB ORI,
LISHERTH S, PLeEflilg, BIREIAFEA (Sauther
et al., 1998)

Blancheton (2000) 1, %4, AXFOMEERAEEHF
7ex L, MhiEE s o~ 7 aofEEAERE, BHEICh
EFLTWD, By 2T 2R HR O YHES K 4
WA AR EEAL T2, HPEHKORIEDZ <,
HE LD B 20~30%/ HIFKEEAE VN,



3.2¢ Institute of Oceanography of Kiel University

F A 7 @ Institute of Oceanography of Kiel University ®
Rosenthal 413 3 — 1 v SOIERIEEF T I 5 MR
T& %, European eel, Cat Fish, Tilapia, Rainbow trout
S5 D PRI E R Turbot 55 D HERE 1 2 3 R BREIH 12 B 5
LIfFEBHSE % 4T > 72 (Otte and Rosenthal, 1979), AT X5
K7 T3] & [HEREE] X, 2 TER L4
BDDH Y, BFIES L AERFENNT v AR ROME
RN AREEDIETH D, NAF T4V —I2&
LRKEEALIX, BODMEZ KEFHIOREREL L, pHOZAL
ZEMLTVD, FIMBREKEORE 2 M 70 Ui
EIZ L, PEBKISHT 2 VKm0 78 % 8§ 5 720 i
BREELTHALCnwD, AV VR LABICEET S
FXTF U N RBRETAOICERRE VTS, L
D UG RGNS TN ET 5720, 234 T OFLED
LMD & o 7273, VI A M AE» LB &0
fifile % [0 - 72 (Rosenthal and Kruner, 1985) o

3.2d Wageningen University
(Aquaculture and Fisheries Group)

%+ Z » %@ Wageningen University ( Agquaculture and
Fisheries Group) Tld, European eel, African cat fish,
Rainbow trout, Tilapia% ¥ —% v I (Bovendeur et al.,
1987; Eding and Kamstra, 2002) & L 7=34liBI5 TN
TWwWhb, B2 F%%5H (Heinsbroek and Kamstra, 1990)
ARV AT L2l LTk 2z BT d, AR T
1, BOUKIEIE (Nijhof, 1995; Kamstra et al., 1998; Eding et
al., 2006) 2SFHWHNTWA,
3.2e |Institute for Marine Resources and Ecosystem
Studies (IMARES)

77— = 27 KO Institute for Marine Resources and
Ecosystem Studies (IMARES) Tl¥, Turbot, Flounder,
Parch, Sole (Schneider ef al., 2012), Sea bass, Sea bream
THHE AR D FE M S 4L (Martins et al., 2010), i 2 £
(Schram et al., 2009) ASEIZAfTHN TV %,

3.2f The Norwegian Institute of Food, Fisheries and
Aquaculture Research (Nofima)

/ )V 7 1. — @ The Norwegian Institute of Food, Fisheries
and Aquaculture Research (Nofima) Tid, Atlantic cod,
Altantic salmon, Rainbow trout, Atlantic halibut D& E 2T
DI, FEIRWEEST 7 O AERE IIFRNXET VAT 4
AL, mEIRMEES N N CO MR EEL L, BElL
2L BETMEDH SN T A (Terjesen et al., 2008; Nobel
etal,2013), —F, BEEEHBERLITOBIC, Wik
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DT VBT YT OF A T T AR,
MR OGTEMFNFEE VT Tw 5
(Kolarevic et al., 2012a; 2012b) .

3.2g Norwegian University of Science and Technology
(NTNU)

Norwegian University of Science and Technology (NTNU)
T3, Atlantic cod, Turbot, European eel, Arctic char, %
XFHATFEBSE AT H T & 72 (Eikebrokk and Ulgenes,
1998)c A:Wpis# 2B LT, PEAMEL IR T ST
ZHEYEEOFEAT (Odegaard et al., 1994) % JEBRIEM > A
TANCHT 2R ENTBY, ¥ 7 OME AR
BT B EFAPOBAEW ORI (Attramadal et al., 2012)
DR ZHEL T 5,

3.3 ZOtDE
331 A XZIJ
3.3.1a Hebrew University

AT FTAKETIE, Tilapia, Common carp, Channel catfish,
Bel EZ0 %KM E L7225 D, Van Rijn, 1% Hb
ETAMEEICLY, EWNEBICBIT AL - BEEIcE
T % B L ISHBIFE IR ST % (Aboutboul
et al., 1995; Arbiv and van Rijn, 1995; Van Rijn, 1996), 1
RIEEATFEMICLY, Yurnivyary2HIBLAM
AW ARFZEIC RS L C, EFRBRZ: (Van Rijn et al., 2006)
DH 759, 1) (Barak and van Rijn, 2000; Barak ef al.,
2003) ALY (Cytryn et al., 2005) ZEDERFIIIOWTH
i & ERTERL TV,

3.3.1b Israel National Centre for Mariculture (NCM)

A AT T)VEM L Y ¥ —TlE, N. Mozes, M. D.
Krom, A. Neori 5 D712 & S WZEB%E 771980 K55
THhbNBY (Krom and Neori, 1989), FELE5H < Eik L
P QRPN T ARV 31 s A =1 b <R Y T =l B
RUBHE ORI ANT-FBIHESHEENTEY
(Schroceder, 1987), Sea bream, Abalone, Sea urchin, Sea
cucumber A E SN TW A (Neori ef al., 2000; Mozes
et al., 2003; Neori et al., 2004) ,

3.32 HHE
3.3.2a Chinese Academy of Fisheries Sciences

Fp [E] 7K 7 Bl 2% BE Chinese Academy of Fisheries Sciences
Tld, FITPIKMATH % Channel catfish, Spine stickleback,
Yellow catfish, Silver carpZF & x}F & L T\ 54, FEHHIE
DFE HAMT OF%E% (Wang et al., 2007; Liu et al., 2009;
Zhang et al., 2011) O &% 53, Al - BLEEME OB



(Zheng et al., 2011; Zheng et al., 2012; Gao et al., 2012) *°
EELHEFMT OIS (Peirong and Wei, 2013), HIZT FE v
7 AW (Xiao et al., 2009) 25D A % 47 ) LK b T
W5,

333 1K
3.3.3a Cochin University

I —F K& Cochin University Tld, F(ZShrimp, Prawn
FOL LRI, MR 28725 08
OB (Kumar et al., 2008) AL - Bz ol % 15
TEYZ B S B JERER 2 iF7E A A (Kumar et al., 2010)
TdHY, TEYEHESGEAROYR (Kumar e al., 2009
a; Kumar ef al., 2009b) 1S Y ATV 5,

334 #BE
3.3.4a Pukyon National University

% B# K 7 1% Pukyon National University 'C |, Tilapia,
Common carp, Channel catfish, Eel % DiR/KA DEF A
ATHADY (Kim, 1997; Kim and Jo, 1998), ¥T4E, Abalone
DFEGE % BIWIERIEEFTE ¥ 2 7 A0 HEIN TS
(Park et al., 2008; Park et al., 2009) . AE¥iE# 2B L CTHE
b, WMEFICHTGT 5EYOEENHH (Kim et al.,
2000; Park et al., 2001; Seo et al., 2001) |2 AHF7E AT
bITwb,

335 HAXK
3.3.5a Central Research Institute of Electric Power
Industry (CRIEPI)

IR ILHFFERT Central  Research Institute of Electric
Power Industry Tld, 19864E2> 5 IKEEDIEMAL & —KiE
FICBIT L EIAMHBAM OIEZ BAIZ, YRSl
DiFEH o728 T A W RITTEBRIERAIEH > A 7 L D
BTNz,

FkFIH# &= (Honda, 1988) R ZEFHEH (Kikuchi er al.,
1990; 1991; 1992; 1994) &Mt 5 * DAY FHE R OIVE
o, i, BEMEoRE, AWl (7827,
BRI OMAEW ) VB %EEHTE (Honda
et al., 1993) HEDOREIES LT,

3.3.5b Miyazaki University

‘B WK Miyazaki University Tl&, 7 FEIE~NDEH
1bx Bk L 73 B AT H L (Maruyama and Suzuki,
1998), W HIE A ICF L C, Wik BEREE O AR
(Maruyama et al., 1991) Z#%EiEL, ¥uz3Iv i a v %H
& L72WF2ER% (Suzuki ef al., 2003) ASTh a7z,

3.2.5c Tokyo University of Marine Science and
Technology

WU K5 Tokyo University of Marine Science and
Technology DT & Hls & § B HUD fLAAS, IEAFRTHR
AR 4L T\ 5 (Takeuchi and Endo, 2004a), 7 1 7
¥ 7% DKM (Takeuchi and Endo, 2004b) 5[ TdH
B, MSHMERNEATE ¥ A 7 &% Hv 7z o fE Bl
LEHEKEEDITRL - 2 VB EBLTEY (Endo
and Takeuchi, 2013) V¥H &N 5, —J, EERIEEEGHIC
B aiHMER & mEEMREL, REATOm &% KIS I
DHATWVES,

Bhi)Z

TEERIEBNIEE > A 7 2L, EHS, eI
LIEE RIS 5 —TRE LT, BREEODLHELR >
AT LEFBR D, TR, mAEN, BT AHFLICE
WCBABMODTHMCTHD D, Ry AT LI A L TR,
AR ASHEIC BA% STV B85, i H IS Ic &3
L7z AT L &S 2000, SikfE, Ko A b 2928
FTLEDIZEEETHA ),

PEERIE BTN BT A ER Y R Y7 4 (AES News,
Summer 2013) &, FREHEOMKICEEINTBY, KRE,
WA 20 oESORNEBbI s, REGNE, 20
HALOMNICHAEDO IR ¥ A7 LB L TE, 13135
BOWIE LS b, LaL, BAEICIIREA 2
EhH Y, 8, B HRESFAKEIICLTHEA
OMFEFICRELTRO SN T WD, ¥ AT ADEHRF
ML TH, ZORMMEMORE &I, FHERED
f LDz i3IS BRSNS,

REHT B B BHE2 0 2 AR R IV TH ), =
DYAT LHRBAT L2 C, FEQEFNLRTIEE
Ve HATIE 1990 4R I R4 1C & 0 1B BRIEE U EEgH
VAT LOBREN TN, BeELFMEIIE AT,
W ZPHANBEO®E EICH BOVBURTH B, A
B, KERBAM L oI 8%, 5 &4k,
HEEEEICAR LV AT LAOBESLETHY, 1
2B R A 72O — NS 2 HAT B3 R G ig A
RKOLNDL,

KUY AT LDEETH B AMBEBATIZE LT, KL
LD TS5BS R 8 & OFHEIC X 2 HAlT#EH AT Ik L
bLETH L, ML CL, HET LMK OHRCE;
A, SACHW O BB 2RI L 72 kot B
MEZ LR D, FHHEERKIRAGEHBAME 4 DY EIC X
b AT LOfGH, TNy MEBEETHY, Uk
DT ANLVF—T A D ERIANIAR IR B 275, KT 2 b
LICKRECEHBRT2FIH 2T TH D, R
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Recirculating aquaculture system (RAS) (Review) II. Applications of RAS to seed production
SETSUO SAITO
Mariculture Fisheries Research Institute, Hokkaido Research Organization, Muroran, Hokkaido, 051—0013,

The application of RAS to seed production has been recently developed not only for reducing production costs but also for
preventing disease outbreaks. Biological filteration is a key technology for RAS. The aim of this review is to identify the water
quality—improving novel bacteria (anammox) and archaea that are required using molecular techniques and to apply the results
to biological filteration, and to describe enrichment culture techniques and immobilization technologies for the microorganisms.
RAS technology has been applied to prepare a stable, automatic culture of rotifers. The technology has also been used for low—
salinity rearing water for improving the growth and survival of seeds. The production of marine species at the larval stage has
shown benefits in terms of increased growth, survival, and health as a result of biologically treated, conditioned, or maturated

water containing probiotics.
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FI40EDHER L 72o SNFTIZ, FEIARA LAMIZOV L ICEE R E#EH L, AL 55K L7zlk e #

TR AP ISR 2 BRI E i S T & 72, M, MLCHETLHAN B THL, 2OV AT LI

HHE, WRdaS 4 50t »% (Table 1), L2oL, FER ARG SN B 720, KEZ RIFICHRD Z
IHEHEAL) sh, KEMEEE, KERRIERS T ENHBHES TH A H, UK, JE#, FHimOzol,
TV ML 3%, 2oREWRZIDIYTT &R - TAMUEEDZF > L7020, fExOMRe &0

Y, TYN7UY=, ¥5LFYFT, LI A, s0 TGV T AR NP EL, MROBESKE %) FH¥E
VA, =Ty, IVATETHL (QEEKERETK BEL L, BEROZO0M =2 v VI A PBEKAIC
7 iR BUER ¢ R BT i 3 2R K B ) o BE P hitp://www.pref. %5

hokkaido.lg.jp/st/ssk/kihon/fifth/gaiyo_ki.htm) (2014.5.23),
FAE, BEMEAY B CRBEIm L S 2L, F¥
BRI BWTHERD S O—LRIE O EHZETIE, ]
BHOH TV BT R b2 LdfEEEINTVS (b
H, 1998 ; KT ; B-Cfx, 2009), FERGTICHE 2% 2
A NTIE, MHEAEE - FEEBRICEP L I X MK E R
EHErEOTBY, ZONRE LTE, AGFEEZERT
B RDOEAK - BEARY TOBESM, KRS ICH
25 BRICEORE PSR E L, AT % L 121280
%IZET 5 (G, 2008),

B, BHARREOBLE NS 8 ORE A
koo TBY, TRETICY, FFEMOMN %A
LEOMHE, ANMFEREOHIKEZIT> TE TV A A REN
b HEONTREZEEGZHDLKIMEEZ GO
MR ERT A 720120, R0, B/k, EE, s
DB VAT LZDSDIZEARAATL [TAN] %R
WLETH 5,

BANEEEE T L, —BEMH L2k E#EDEL
ﬁﬂmﬁéﬁ&ttt[ﬁ%ﬁ@ﬁ@ﬁvx%A(&mU
WHb, RASEHWAFTMD A1) v b & LTid, OFE

WCF T AS10 (20144E8 H 6 HZHL)
Tel: 0143-22-2323. Fax: 0143-22-7605.

E—mail: saitoh—setsuo@hro.or.jp
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RDES (BOKE A L7REROR AN, @%4 -
LAY GERIOAMER &3 5 Olol#E)
@7 v=rrax Ol (IR, HHIC#EH»2 T 4L
F—OMER), ORI LR VEEY AT AOREES 1]
e (ALK, M TFKOFIH), GHE LSS O/
JRIC & D BRBEREED D B, FRISREMERAEICBIT S
I MHIEASKR S E L LTbh, SIHEKONNR -
HHNCHD A T ARV F—a 2 b OIS A
VAT LADOLEUNET o TERTE (XY /T4 —F
L2VREWERE 2 AT AFFESR, 2000 ;5 R, 2012),
WL TIE, RASHUN & i A i 1 # 3 2 HU) A4S
2000 FF 5B A > THB D (Attramadal ef al., 2012;
Lee and Ostrowski, 2001; Verner-Jeffreys et al., 2003), A%
ETIE, M) KEREIZEE Y F — 2BV TEICHES
A RITEAMBZESER L TW5 (A, 2011), i
BIZBWTY, BRSSO AR OKRE L TH
0 (i K AR SRR FE IR LR« I R B U S A o
5T O 2 http://www.pref.hokkaido.lg.jp/st/ssk/kihon/fifth/
gaiyo kahtm) (2014.5.23), HEEWEDLHHRORELEZ
e, W ANF—T A MEHEL, FEEAEET A b
ORI AT 2 XD 2 EHBEETH S, AfFTid [
HIEE] ICERZS T, HEREAXET VA7 L 2
AEREIBH T AL E L 2 S HAM IOV TR %,

1. BREARGFAE VAT L-EHEENERT S

BRICDE & 5 5 ERFIM

TEHERE IS BT 2 TERIEEREE AT AIZDWT D,
WhWAEA AN LEREABRER AT AL,
R Y AT LERIZBWTKREL LD L LI AITE
Vo L2 L, BMUFERSEL ST SRGBESNDL 720,
fHELTIE, B CTHL T IXYERTLY (LT
TJLY) RTNTIT, W diWwETS o7 b rash
2N, BIZHABEKIZOWDWYAE [k2L )] Dz,
s aLIEONYET T v 7 N RIS D DR
HTHb, itoT, BAUTARLHEDEHBTERICB VT
i, ZIFEARETHBT SN S, KEORRE RS
AR EIG L, KEOBLERST I &R b, 1
BRI X BB KROBKREIT L, EWELETH
B2ILY, TVTITOBREDNEL VIR TH L7
O, AEPEE A BN, BRHT LN EE RS,
72, fEKRPO 0L TEREYET T V7 N Y ERRE
BYEZRDOTODOT I EBEICI VPRSI NL I LD,
FRMOFEEIZE > TIIMETH 5,

TEERIEBREL Y A7 LTI, BHREEY I VAT
Kz v AT LN TIFR S E A 2 & T, BAHEFAE KM
5 OPEKE ZRIEIZT, THEREICL ) TI%%

TEBRIGEAE &M H A E 105

B L, BUCHBCHIE L 72%, AW TKE R G
b (7TrE=7, EWBREOKRE) L, KIMEEST
R - LR, AEAEARKT 5, ORI
BTROIEELZOVEWEEBRETHY), 7VEZT
AR >~ E O S EfE 20 ) N2 7)) T Th b,
NI T (AL - EME) O fFMERED [ EASF —
RA L METb, EWEBEO T Y8 s M, B
WA A MEBILOBE D SBO TEETH 5, FKDOAL
WEIZIZEOICT 2 [HSH] MBREBBRET S AT A28
WTIE, LA TARG & N2 AR AT S i i | f B K
IZEESNLD, MErERT AL L THRETLHE
TEPLETH S,

FHOME AL ICB W TIIUEDOEWEERTH 5 7 4
TOREIC, ERIEBY AT A @A L AR OB
G MANC AV AN > TWAh, GE Li-REAE
12X BEYEROMIRD 2 7% 5F, BEY AT L OB
b, HEMLZNS Z L2k 2801k, a2 Measiie:
END, BUKL 22K I3RE oA & T T
WBTHEMEN D B 728, SRAVRIRET R B AKIC & B8
BOWETH b, WEART ) — D N LR 2 FIH UL,
R RIITETHH0S, AT A NHPREEE A,

IREEMARRHIC BT, HURDIEA LRt g e L
TIE, R SFEHNOWEGH D B, PLEWEIMEH I,
REMAED ZHERT A 2 L aftbT& 7z, LL, it
HEHOHMBEMED L, BHITIEWEITES Wi
FATRATRD HNT W5, T ORI ERD S IKEDEIZ
BWTYH, TUNA T4 7 ADEMGHIEE b
FRIZH > T& 7z [HNTTE L] HHE IS, EKRFDT
OUNA AT 47 AWOENI Y PE—VPBEHEEZS
NBIEBRIEBEE B A S5,

NS DEFEHMITOWT, QAR RLEE ORI
I, @UaiEE~o#EH, OATHEKOFH, @71
INAFT 4 7 ZADOFHONEIIHFHT % o

2. £¥iRBEE DERER L
WAL I, 7B 7T RER T HAEBEE R
b3 2T TE & WA EERESE R 2 A IERE S R IR 9 2
WHLDH Y, EMABOERE BT 5 E N2l
VAR L 2 EMENT WA, MHIHEEEILIC T 128
WEEAH7DITIE, Pl b3 HMIIBESE SN TY
5o Tz, MERIERNEFE > AT LB 5 AR
i, PSS TS5y s Ry 7 AL LTkbh, EHICE
TS A MEORERLEEILITERETbNT, KEZELIC
L DRI % RS, ¥ AT L DEELEM & D T
LONBIRTH 5,

HEARHIAAE S B AL - LEME O 2 L7213 T



7 L, FEMAICEN AL - BLESRET) 2 FF oM & B3R,
B, BREEREL, DEICE U CRERMEY IR BT S
FREZN2EZENEETH D, @O TOEBMEE — X2
UHTA2MAEYEEEDHEENTEY) (Sumino et al.,
1991; 1992), X ) &AY LR, EEFEM~OILHATE
Ins,

SEAE PRI K DOERIFIH D728, i 2 LB S B
EEN, FRICETHEIICBWTIE, B % SRR o K
PP B ANR— AR KD 5N TV B, F D7
WEPEBREICEDLLZH LW T KLE 7o 2 & LT, W
AR % B S P S i B L PR R C & 2 il e iR
P AR S, o o/NEYE & G LB o 22 E L
D7D DFEMEARIATONT WS, TS PRI 5
B BEAMTIE, RASFMTOURA, HIIZFEEEN
A SN, EEIA MOBIRSHES NS,

21 WEMOEEL

MR, MUEMSE O RN, T MR L 7R T
KICARBEEICT B 2 L& THE] &), MEYEH
RICEIEALT 2 HEEE, SiELHeTRICRIEN S,
WAEEEILEE, EEETERLLSRTEY (T4,
1975), BEAMLELIZBWCTHNA ) T 7 ¥ —OFFEHNE
5N THK7: (Hashimoto ef al., 1986 ; #&A, 1989 ; 117
5, 1995), #EEREEETIE, RV FL 7)) a—)
Ex FAEE U CLHIE 2 i B\ BRRE L 72 404R 25 B
s, ZoEYEBEICRNT AL T, Kctlo
IRy MEERIY, ERORLE L REOHHE R T,
BOD & & FE ORI T RE LR ERREY 77 ¥ — 055
BENTWES (B - 5, 2002),

211 EEEE
WHEEEEE, RV FL ) a- LR )=
VTV a— VEOKENR ST EMENZRE L, KE
WEsTxES, YUVELSELZ LT, BOTT7IVOK
T 2 BEEL S 5 TTETH %o HEORIHE
WATEREET, MEIZEFR) = F Ly ) a—)y,
RYEZ TV a— VEPEH SN TV 5L, aiFEEl
B, EHITEMRLTE 2R 5 572°, EELERER
Ey e R)Sa S Ca N IR AV

TEERIEEEE ¥ AT LKL B L 729034 < i
H &N T B (Nilson er al., 1980 ; A &, 1991, 1993,
1994 ; & 5, 1993; Nagadomi et al., 1999; Sung—Koo et
al., 2000; Seo et al., 2001; Jae—Koan et al., 2001; Park et al.,
2001; Tal et al., 2003; Achuthan et al., 2006; Kumar et al.,
2009), L2 L, HEAEESNOBHIZIEES> TR,

21.2 #HEEEE(LE
FEEERL, WRoiEER, 77ATy 78— X0k
TR ICANEE ORI E &, A B S D5
TRV & A L CHRIE AR S AR L TP
BEEDTETH B, HEORIKE, IR, AR, &
2GR, R, BEAERETH D, MEIIEE) =5
Loy a—=, fbFEfitra—2x, K)o Ly v
TA—L, K)EZLTLI—), Faf) TarlL s,
R LA T IVERKEHESL, mEER) 5L v Eih 5,
HEBEETERSNZEY) 7oL v 28 e+
B ZEREIROERT, RS2 MY %&b b
DOTIX (B0 - IR, 2002) ROBLRIFESH S, 1) It
KSR E L, KEOMAEWZRIFCTE L, 2) EHX
KICE L, sy v 7 NTH— I TE 5, 3) KIS
DY L3, A ng, WHNRENR <, BRI
i, HRDOWHIESALE, 4) T LM SR 25/ &
WHHBAEY & LY~ 7 PICRETE, [BEREOR
DRG0, REDPEHTH S,

22 FREMFENERRE

— WA N EEZRIEL, T = T B
T OVRERS BRI A LA % F s 721 4o © NHa N 2 AL
B L TAR & BLas i & v TSRS TNO—N, NOs-N
REFHNAEBILT HMETE L ZHAEbE 2L/ B
ZEPRD L AN TS,

PEAKMLEL 70 2 2BV TE, Wb/ HEEO RS LD
S 2 LWL TR TOpH I & 2 RS E ), L T
BIHRTOLZROEY (X% /) — V%) ORINceE)
SRR IS IO BB % fR LS % 720X 4 e 2 0SB %S
SNTEL, L2L, ML IR HEETREOMAE LY
ThHhorI L, ZZTHHSNLEWRIZIZIZFALETH
b7, RN GFEIIIEES Zh o7z,

LA X, 42005 1004ELL 1 b A2 2 DOIFAEDSHEE &
NTHY, WL/ BzEER4OMEIEI bDEEZZ LN
TWiz, LaL, MEH-2MEIER SN, i
bEHELFER2ED T A,

221 77F%Ev 7 X (Anammox)

19954E4 7 > DTV 7 b LRKFOWZE 7 )V — T2
XD FEFE S N7z Anammox (BERAY 7 ¥ & = 7 &AL ;
Anaerobic Ammonium Oxidation) (%, 4 { AT
EEBRFTOL A THDL (Mulder et al., 1995; van de Graaf
et al., 1995), Anammox S E, TAEEE (NO,-N) =&+
SRR ELTT Y EZT (NHi-N) ZEALT A4
LHRLETIETH Y, KA TSN, 7yE=T L
BRI A R E R A BT 5,



INH," + 1.32NO;” + 0.066HCO;™ + 0.13H" —
1.02N; + 0.26NOs™ + 0.066 CH2005No1s + 2.03 H.0

Thbb, 1EVOT VEZTRBRET 27201, 1.32
ENVOHEMEBELAZLEL L, L2ELVDERATA (N) &
0.26 EVOfiffE (NOs—N) ZAERT %, ZORIGITERESR
FHTTRIAZE, 72, ARWEZLEL VMR
AL DR TH B I s, Ekomit/ e
EIRELE L L WRIETH S (Strous et al., 1998)

Anammox AW, 7B T LR EEEE TS
MWEOMIC, BAEHEEA0.0027 (h), F %&b HAEIIRRE
210.7HTH Y, HIHHEEDS DO TRV, F2BEND
R THN LR OCHEEZZT 2 E VI MEERT
% (Strous et al., 1997a), F7z, AH &7 % HAHERIZ 100
mgN/L DL E DB 7 5 & Anammox SUCZ HE L 5.2 %
(Strous et al., 1999a), MR pHS:, MWHHIZHE T 5 5:01%
TG T, @ pHIE7.0~8.5 (FRAFEEIL8.0), E
HIREEL30~36C L TH S (Strous et al., 1997b) .

Strous ef al, (1999b) (&, PEAKME T 12 B 5
Anammox SUSHEP HEL) H L7284 %7 4 Vv A 2 RER T
LA D 16S IRNA AR DIFHERCH] & P72 1513
Anammox H 7Y, TNFTHION TWzRDIITWANZ T
7 T HAHEEAT80.2% L7227 <, Planctomycetes ['JIZ)&
LB EMETH AL I L EFER L7, % D% Anammox
BB ZBE§ 27 03 5% < & LT A, Anammox
ZB5- AEMPEAAE L, BREPIDRS oML,
WEK EDOEFRY A 7 VITREREEGZ HO TV A REN
VI SN TB Y (Kuypers et al., 2003; Dalsgaard et al.,
2003; Trimmer et al., 2003; Kuypers et al., 2005; Tal et al.,
2005; Meyer et al., 2005; Trimmer et al., 2005; Hu et al.,
2011), TN F TIZ, Candidatus ‘Brocadia’, ‘Kuenenia’,
‘Scalindua’, ‘Anammoxoglobus’, D4 7 )V — 7 HHHNT
W5 (Penton et al., 2006) o

222 TFEYIIAOFH
2221 HEIKMEHEFICH T ZFHE

PEAGLEEIS (2 B 1) B 5t D 22 LB 1L, W
b/BREElHVLNTEBY, JEKkFDT v E=T7 24
LM IC & 0 &= HERA~ERILT 2L LR & 20Nk %
B (2% —)VE) LIITHEBRICE DEEFT AT
T LRETHRERES . MLTLRETOLREERET
RHRETRCOLEOFBYIRMELELE L, WUHI R
N OMINATRE L 72 > T\ b

TFEY 7 AR E AW ERNE S 25 4 TlE, it
SHRBWOT FEY 7 ABICE VIERELETT, TUE
— 7 L ANER A RS T AT B, PO

TEBRIGEAE &M AE 107

TEICBWTHIEMGROM & L TEEMEAE L Tw
% (Strous et al., 1997b; Toh et al., 2002; Schmidt et al.,
2003; Egli et al., 2003; Dapena—Mora, 2004; Jianlong and
Jing, 2005; Isaka et al., 2007; Pathak et al., 2007; Hsia et al.,
2008) o

7 FrEY 7 ARk RWIEE LY AT L0%, TS
Ty 7 AOREIZ, FPEOT VE DT & MR IR
Ab$ B EAER A L 2 I L 722D Y AT L 8 B,
T HE Y 7 AW R ORALH % £ 4 SiEE e b Lk E
FAMER L, HENTT FEy 7 AECHILE Y 2h
TR IZRFEL, &WRBLEEE & MR 5 1L
b0 WoT, TYEZT RFYELIVTHMEMIIMILT 2
L CEBERBNOHIESTE, OB ERNT S
ERLBREAAEMTE L7720, Arivy—, K2
A MUOEFNILY AT L THDH KK - I, 2013),

7 FEy 7 AWOEREEEIZE LTI, Nakajima ef al.
(2008) Z¥¥D TORINBI & 4, NHCl, NaNO. % ik
WRINL 27285, # 14 IRkBEEEEE L 720 16S rRNAJE(E
TR PRIAER, Candidatus “Scalindua wagneri” & [F]%€ S
N7z BRI, EWIERLICB T 2EM O T 7
OLERTHO THEME ENTEBY, 20K OIS
WSl H ATV (Lopez et al., 2008; van de Vossenberg
et al., 2008; Kawagoshi et al., 2009; Kawagoshi et al., 2010;
Ni et al,, 2010; Shen et al., 2012; Gao et al., 2012), F 72,
WERED X 5 7 7 L#EMT (van de Vossenberg et al., 2013)
EATOBRICHIEH S5,

2222 REREBEBHABICHTIFHE

Tal et al. (2006) (&, TEERIEEHT 2B 5 EWNEE
PO NIERL SI72/N A F T 4 )V L% 16S rRNA EILT-
MENTICE ) THEy 7 AW S L, A7 v E=T
BALICES L CWwb 2 e 2@l Tt Lz, 2D Lahay
etal. (2009) ¥, BREXTICBIT LT FEY 7 AEN%
ERINENT L, TEERIEEHE > AT L2815 4EWE
WA OICHIEAFITT SN T D,

223 7—*7 (Archaea)

WHIE (7—%7) 3, N2 T T EREZIZEALY
[[Al—Td 5 H57% 5748 L, 16S rRNABL T2
S5 N AL BRI, M & B D BN
TWwh, —fNICIE A Y VH, BENER, i8R,
BIFBESE MO NTBY, Wb BREREICAERT
BLIMEYTH %,

L L, fEMBRIREEZIT TR, L0 imMaBEc
b A AEAE L (DeLong, 1998), i 2 (X4,
FOWLVEREIZBWT, OB T 2 R T



HWaNTwb (Lopez—Garcia et al., 2001), % OALIZH#EE
(DeLong, 1992; Fuhrman et al., 1992; Konneke et al., 2005;
Hallam et al., 2006; Mincer et al., 2007; Agogue et al., 2008;
Beman et al., 2008; Abell et al., 2010), 3% (Ochsenreiter
et al., 2003) FED YR EIFIZ O HMBISAFAEL, £
7 MRS TEICL ) ZOHEESHL NS oD
&% (Venter et al., 2004; Treusch et al., 2005; Biddle et al.,
2008; Walker et al., 2010) o

— R RIS B TE, ML 72 D) TREE O
20% % A 25 © T b (DeLong and Pace, 2001) .
2005 4F (2 Al 55 2= AN 15 S 172 Crenarchaeota |2 J& 3~ 4
Nitrosopumilus martimus % & CHRERET —F 718, 7%
TR DS, INOEYINEEDRE, EEY
A 7 IWVAZEZE R E 2R/ L T2 (Francis ef al., 2005),

HHE DOEFZEERANDOEGEAEFFEH SN TBY, A
Y LRNTCEY, TYESTE XIS —Eil
{&F (amod, amoB, amoC) % 4 % Crenarchaeota AN,
HEANICBWTH 7 VS TE LR 2 E 2 B
EDIRENT WS (Leininger et al., 2006; Wuchter ef al.,
2006; Francis ef al., 2007) o

2231 HIKRLEHEFICH T BFIAE

T=FTOT EZTEACEEIIZIEH L, PEARLELIA
OFIH A SN TS (Park ef al., 2006; Zhang et al.,
2009; Kayee et al., 2011; Wu et al., 2013; Limpiyakorn et al.,
2013) 0 SEMFERICH L CTHEFEMEIREAILL D 2DH
% (Santoro and Casciotti, 2011; Jung et al., 2011; Xu et al.,
2012),

2232 BEREAFRFICHTZFA

PEERIEE Y AT W2 BT A EWIEBENrS b 2 57
LEFTICE D T —F TH08E SN TEY (Konneke ef al.,
2005), EWEE 7O 2B 2 ARG ST
Wb, WL - METHEAHI N7 7)) 77 =X 7O
2, wmfl, WICEZEBAM ZICH L7z AY s o
L LiFoRa b ZEfba Kb 720120, BB TR
i & BRAE L 7= AP e B S E £ %,

2.2.4 MWLBRZEMEOZEEIBIED - DEDRITE & HEEE
BEFOEE

W7 O A DOEERFEL, A ANVF—, [Ka X b
b2 ZET 5L, WHIHED 2 MW REEOZEE L,
FNSWMAEY OEER CEYIEE O Z 2, T
FOEEE, BATT A ENEETH S,

Lo L, BEAFOHU CHUEE, 3538 T & 2MEmId ek
DER B E T, MAEYOET R HEME &KLY

5 ERINEETH B2, Hifff, BERLEE LW
TEWFENFEOEAPEETH S, AUHT T AN
DAY T 2R OFE, ©&:I2IE, re—=
vk, V=4 v AW, T-RFLP#:, FISH:, DGGE#E:
O DNA R HAM A WS T W5,

—J5, BAHERA A4 v & —BALERITRILT b AR E
JCE#3  (Nitrite Reductase; NIR) % I — N9 5% nirii{n %
PCRIETHEMICHETAZ 10X, HEWFEELT
flidsZ &b TED (Braker ef al., 2000; Prieme et al.,
2002) o Real time PCR #: % V2 7= & FME 256 5 5 nirS
HEFDEREDHEL SN T WD (Gruntzig ef al.,, 2001) 0
Wizl D2 R TIX, nirS BIEF XL nirk BIEFD
EEL—F xR E TS (Brakeretal, 1998) L &N TH
D, T—FTIZBVWTHRA—MEr b TN~ DEEL
T EN TS (Abell et al., 2010; Lund et al., 2012),

3. TLIUEEANDER

7 13 (Brachionus plicatilis) &, HEEEAOMEAREIC
BWT, LEDOEE TSI 7 b THY, BELE
BERATH) LN, MEEEORGZROLES-> Tl
FTEZV, 74U1E, KESH100~300um DB
G NTHED, B—OFTIZEL, HEIEMIZIZ14
ML EICEESNAEEETH S (EIT - “FIL, 1989),
FEWAFEOHYTIE, SSH, SHI, LA ERIIIRE S
T32DTNV—TIZH3F 5N Tw5b, ok, EwELTLIE
LIFKFEAELT [KREDY ] 2RZTHERW T T 7
Fro—HE (g, 1957) THo 7205, 19604E(CI2MHE
OYMMIEEL L LCHIH S (B4R, 1960), 1970 40T
iR ORISR E CHEBLL 72,0

3.1 fEREMEEE

PR LA SN TV BNy FRO 55 EERC BT
EROBERFEEOHAM IR ZHETL L TW5 (2. 2000a)
B3, PEBERED: (Yoshimura ef al., 1997; Hino et
al., 1997) LA (Fu et al, 1997 5 ZH.2000b) A%
BE STz, /Ny FRARFERIL, @F2~3HREI2T 4
VERMAME LN ORE, EATLHETHY, Mk
CEEZKMEOERESCKBOEEPLETHY, £ OF
MO EPLERETH DL, T2, INSOEELR I
19 28T, 7AYORFEAROFERHE & 2 % MW H A
Y OEEADRAEZEDY A7 DET B2 OGS
nCTwa (M. 2000b),

32 BREAXEEE
AT L VRO E L B3, A, LEftor:
O, JEBRIEE Y A T L &M AA A TEEEEE DA H T



Wb T AT ORI EGE R, FiohikE
G Al L a7z, DMRIIZEEKR S 9, M) TR
CELVWEEETLH S, HREAXFT Y A7 L0
BMEFETH B AW IEBIEE, [RTHERE, V55
WIS E S T T A Y ORI E (IS AR
ATEREREDEDS, MAEREA o> TRT VD, ENTIEK
ERATITEE ¥ — (FRH, 2011) 7%, #Htciza—ay
7% (Suantika et al., 2000, 2003; Attramadal ef al., 2010), 7
A1) 7 (Bentley et al., 2005; Delbos and Schwarz, 2009) %
FulC, TEBRIEE S A T L AR ATET b VBT
AN, WL, BEMLOXSN>2%H 5 (Sananurak
et al., 2009)
KEREMEL Y Iy —TRHEN TV AEEERD AT 4
Tld, BFEM A L 1 R L 72T A T %
T B KA 1 2T 2 OIS T X OB HIniks R E
1EEANERE LCTH Y, ROEWIEEETT > &= 7520
LM 1 & D EEAL L 72k 2 BOREEMICR T, T4
BROBIEEARPICERS 57 v &7 2 EYE R
B CIEE 2R ISR L, TRk BEREE CrRitety S hil
HIIFEREL, BEKERET S L TRIYEDTE
HEO TR S N5,

4. NIEKOFH
WEREEEICBW T, B2 H5BUK L 7z#KE A
WTHIETHARELTHEHLTYwS, LML, TOK
IRERDYBR AT BERIEZEICOWTEY, BIR
FEOWHOBFRMEATRENTIZV S (Summerfelt ef al.,
2009) b, FHERBL 2IUL, MBS L RKEIZEK
YDERY, X MEPBREING, £2T, TERIE
WEFH OMAKIZANTHARE AV 2 L E, 595
XRIISEEE LR DL e B CH, AT X MRIEE RS
— o N T#ERIE, BEAHICE O H
FEEN, WROBUKASE EE % 37 MO K FEEESE T OFIF =%
TFZERERISE 1 BT B /NI 2 B EER O BRI EE o 1) |
FHMICBEH SN TS (IUAR, 2008),

41 FFEREK

B, (IR BREET COMM A E LIS ATk (0F
HMEBEK) & Wl EAOHE RIS RE STV 5
(A, 2010) o TR S i M OFEH A 12 BV TR
SR E AR OB RFASHE SN TBD, K
B, BRIFEEIESN TS (FREDS, 1983 ; %
it - AR, 2006 ; 435, 2010 ; H4ER, 2011),
FHORMNIEB L, WKL DI CHRAKE Y BV, 1F
BB, AIEARRORPIARI LDV 721 & MK
EREBEBLETHH720, BELRTHOIZDD T AN F =28
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REL R, ZOSEENRIFERY (Canagaratnam, 1959;
Lall and Bishop, 1976; Arunachalam and Ravichandrareddy,
1979 5 FEHES, 1990), MR 2BV CTIIFRAERED
M EICENS LR EINS,

TEBREBEAE IC BV TIE, fE KO % R
WH 2 2 &L, HEBESICHIEEETH L Z b,
ZOFMERSHIFEEN S (Riche er al, 2012) s N TR
ERHTHBR21E, A MEOT A v AR E HEE
Thbo Zlie NTHKDOBE, &2V, dREOH
BEMBEORBE R TRE RS 2 LT, NLiffKOME
FAEOEBILERNL Z L HWETH S ),

5. 7ANA A 714 7 ZADFH

IFEANFEOBIFRRE LT, LA VAESEEZ AT
B HME LT IEE 2 7087 7)) 7 SN 2 5 5
REn, PUAEWESOEANICEDS v, REICHOELW
THEDTER ST W5 BIRDORIEERIHERI (Uribe
etal,2011) IZBWTIE, FRICARIEEZON TV, #T
TANATEEEH S AMEICET A58 L LTIE, #EHK -
B (2007) DB Y, MFEEMRIZIBUT B RN A EBY O
BAMPEESN TV, BN HOTONAF T 17
AIZEIT A% (F2H, 2007) dEEAICRD, ©F I
SEEPUEVEWE OG, THILBER OERE, IR,
WU EOBEESEOMEI RO LN TBY, EHEHEH
WOLBENDIEHPESN>0H 5,

NI TICHARDA L LTI BNTY, FaNA
F T4 7 AT AWIEAEE 30 FERmIT 5N TB Y,
%L DHDPFEEEIN T A (Gatesoupe, 1999; Gomez—
Gil et al., 2000; Verschuere et al., 2000; Irianto and Austin,
2002; Balcazar et al., 2006; Farzanfar, 2006; Vine et al., 2006
Tinh et al., 2008; Wang et al., 2008; Kesarcodi—Watson et
al., 2008; Ninawe and Selvin, 2009; Yousefian and Amiri,
2009; Merrifield et al., 2010; Prado et al., 2010; Nayak, 2010;
Aguirre-Guzman et al., 2012; Mohapatra et al., 2013) .

51 TANAMFT 1 VADEEELESE

TUNAF T4 7 RENE, FAEBYOLEEY T, tho
JRAE OREE 2 RET 2 WE £ T & SN, Lilley and
Stillwell (1965) 12 & » TR TIRE I Nz, FD%, B
o DR PR 3 LSRR 00 Ze VR & B2 9 RS MBh Al & L
THWSNBK:Z% Y (Parker, 1974), HEIZFuller (1989)
(&, T F ORGP R % 15 E O EEEE D 5 I3k
R AR 2 IR AR O E ) & B L 72

FTUNAF T4 7 ADERITEEEWH, LVEHIC
BRI L2 dMTEL, TuNAF T4 7 AU,
UNEEE, B, 77 ABME, 7T ABRUHSEED



TRAES X E DS E R $ AW T, TEEISH L TR
IR, BHEIZBWTL, WROHEICHwR, 7
) A2 MERHAEWE OO DI S (Irianto
and Austin, 2002), $ b EH, TUNAFT 1 7 A LIFE
REix, HILENICBW TERNEERRERDOHEAD
AL, BEORERDVAF S NG LI, SfkEE, ©
Y I VR, fRE, NEIMOBREFEOERES 5,

52 7ONAFT 14T XDBREHRE

—fREINZ T ONA F T 4 7 AEE O (Vine
etal,2006) & LTiE, 7, MEEIENT L, FE)S
BHT, REICHETECTHL L, BEIAESURE,
W LR ICBEA D S WG, EAETHHDTHHI L, i
AR FERLL, BEOMBEICERT A &, BEOAK
THET 52 Lo 2 L CHUAEWE MR TS24
WZENH D,

53 {EA#RE
ANEENRIAT o727 0N, F 57 10 7 A%FE L ED
NIRRT 58S %, ROEREFEEICHHEL,
FRICTHESR - Sl ofdE, HEE, PR A arehc
LTI £ &7 (Table 2),

531 # #M

MW OREIEME, BRRTE—BNLEHLTH 5,
o T, MO HET 5 WH % LT 5 mREHME
&, BELRMEE ONT U A EREOOICHETUEIZEE
el e R LT 5D, FHERIZ, WEAICADRR
b6 L, BEOBEIST L TEOREE L5 T,
EYWER 28> 701 F 7 14 7 AHIE, WEMENE %
PEBR 3% (Austin e al., 1995; Ruiz—Ponte et al., 1999;
Verschuere et al., 2000; Hjelm et al., 2004) o

5.3.2 REERVEERR
BEETBPERRI, W U CTHia s 2 I OB 5E & 1]
T 5701 ENIHEOER TR TH L, 208 4
TOTUNAFT 4 7 AEYOBINE, HAATH, KE,
HEWEDOEEIIBVWTHAET L I L2ERL L, FE
VA #1355 2 L Th D (Gil-Turnes et al., 1989;
Garriques and Arevalo, 1995; Rico—Mora ef al., 1998; Gram
et al., 1999; Ottesen and Olafsen, 2000; Li ef al., 2006; Gomez
~Gil et al., 2002; ).

5.3.3 G®EEREER
TUNAF T 4 7 AL, WEARIC T SRR NOIR
EER DR 2GS 2WEHEET LA, TNHRIERE

WIEIL 2L, 77 AR (IRE, 208, 7
T LB (XT84 KU R y) LER (B, 3) -
TNA ) ORREMIBEE D> ST S AW TH Y
i b EBMN 2551, FEAORITSH % (Gildberg
and Mikkelsen, 1998; Skjermo and Vadstein, 1999; Rengpipat
et al., 2000) .

5.3.4 &

TUNAF T A 7 ADDLHEORTIE, BE ORI,
ERGHE R OMERI A T BRI 2RO, AT HE
ZHIE, HENTHRED SR TIT S ESL 20ICE
BTHY, EWHPHELE 2l THRPICHRE S NS
DEFC720TH 5o MEREICHEET HZ LT, BN
ICRELHEHEECL, HEOBNMEZEICREL S 2
5 Z KL (Gildberg et al., 1997; Ringo and Vadstein,
1998; Carnevali et al., 2004) o

5.3.5 FRRDBARR & I

TaNA T4 7 AR, WERAOEEeHIEL, A
AR DY 2 &0, RETE, MNMEOME T HEES
5T LI ENTW S (Gatesoupe, 1991b, 1994;
Nogami and Maeda, 1992; Vadstein et al., 1993; Maeda, 1994;
Nogami et al., 1997; Maeda et al., 1997; Riquelme et al.,
1997; Gibson et al., 1998; Riquelme et al., 2001; Orozco—
Medina et al., 2002; Gatesoupe, 2002; Villamil et al., 2003;
Patra and Mohamed, 2003) .

536 HILBIE

BABEOHILEIRBRTH Y, FICREKIZHELT
Wb HILEIIBREAKICHRTRERICED 20, MR
P LR T WK TH % (Avendano and Riquelme,
1999), WML, KIEFROWRMAEWIC L o THEH
WEHWE THLME, TI/W, €Y rotRicEYy
Tho TUNAFT A AT S L TEELRYMEL
LT, fanEoffshRomnbefiRRENr D 2
(Gatesoupe, 1989, 1991a, b, 1997, 2002; Douillet and
Langdon; 1993, 1994; Garriques and Aevalo, 1995; Munro et
al., 1995; Skjermo et al., 1997; Rengpipat et al., 1998; Bogut
et al., 1998; Hirata et al., 1998; Verschuere et al., 1999,
Rombaut et al., 1999; Douillet, 2000; Planas et al., 2004;
Venkat et al., 2004) o

537 KXEEEE
KELRIZERD S D T a4 4T 4 7 AW, KE

PERYGEL, AR EHELL, EEHOMEEMET S

(Fukami et al., 1992; Suminto and Hirayama, 1996, 1997)
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Table 2 Probiotics considered as biological control agents in seed production of fish, crustaceans, mollusks, and live food

Probiotic strain Source Effect Method of application Reference
Fish
Bacillus strain IP5832 Increase of weight and Addition to culture water ~ Gatesoupe (1991a)
spores — decrease of mortality of
turbot larvae
Bacillus toyoi Scophthalmus maximus Improved turbot larval Addition to culture water  Gatesoupe (1989)
growth
Pediococcus acidilactici Pollack (Pollachius Improved growth of Pollack  Enrichment of Artemia (in ~ Gatesoupe (2002)
and Saccharomyces pollachius) larvae vivo)
cerevisiae
Lactobacillus plantarum Rotifers (Brachionus Decrease of mortality of Enrichment of live food Gatesoupe (1994)

and Carnobacterium sp.
Lyophilized
Carnobacterium divergens
Lyophilized
Carnobacterium divergens

Microbially matured water

Microbiologically matured
water

Mixture of Pseudomonas
and Cytophaga/
Flavobacterium

Lactobacillus fructivorans
(AS17B) and L. plantarum
(906)

Pseudomonas fluorescens
AH2
Roseobacter strain 27-4

Spray-dried Tetraselmis
suecic a (unicellular alga)

Strain E (Vibrio
alginolyticus -alike)

Streptococcus faeciu m M74

Streptococcus thermophilus ,

Lactobacillus helveticus and
Lactobacillus plantarum

Vibrio alginolyticus

plicatilis)

Atlantic cod intestines

Atlantic salmon intestines

Hippoglossus hippoglossus

Hippoglossus hippoglossus

Sparus auratu

Iced Lake Victorian
Nile perch

Scophthalmus maximus

Healthy turbot larvae

Cyprinus carpio

Scophthalmus maximus

Commercial shrimp
hatchery in Ecuador

turbot larvae

Decrease of mortality of
Atlantic cod fry

Decrease of mortality of
Atlantic cod fry

Increase of initial growth rate
of turbot and halibut larvae

Improved survival of yolk-sac
larvae

Improved larval survival and
immunostimulant treatment

Reduced larval mortality

Decrease of mortality of
rainbow trout juveniles

Improved larval survival

Decrease of mortality of
Atlantic salmon juveniles

Decrease of mortality and
increase of the growth of
turbot

Improved growth and food
conversion ratio

Increase larval survival of
turbot

Decrease of mortality of
Atlantic salmon juveniles

Addition to diet

Additon to diet

As culture water

Addition to culture water
(?)
Addition to culture water

(?)

Addition to
culture water

Addition to culture water
and/or bathing in bacterial
suspension

Addition to culture water

Addition to diet

Enrichment of rotifers

Addition to diet

Enrichment of rotifers

Bathing in bacterial
suspension

Gildberg et al. (1997)

Gildberg and Mikkelsen
(1998)

Skjermo et al. (1997)

Vadstein et al. (1993)

Skjermo and Vadstein
(1999)

Carnevali et al. (2004)

Gram et al. (1999)

Hjelm et al. (2004)

Austin et al. (1992)

Gatesoupe (1997)

Bogut et al. (1998)

Gatesoupe (1991b)

Austin et al. (1995)

Vibrio pelagius Copepod-fed turbot larvae  Increase larval survival of Addition to culture Ring®@ and Vadstein
turbot water (1998)

Vibrio salmonicida strain  Hippoglossus hippoglossus Increase of larval survival of Addition to culture water ~ Ottesen and Olafsen
Atlantic halibut (2000)

VKM-124 Sparus auratu Reduced infection with Addition to culture water ~ Maeda et al. (1997)
various pathogenic viruses ~ (?)

Crustaceans

Bacillus strain S11

Vibrio alginolyticus

Strain PM-4

Penaeus monodon or mud
and water from shrimp
ponds

Pacific Ocean seawater

Soil

Increase of mean weight and
survival of P. monodon
larvae and postlarvae

Increase of survival and
weight of L. vannamei
postlarvae

Increase of survival of P.
monodon and P.
trituberculatus larvae

Addition to diet (in vivo)

Addition to culture water

Addition to culture water

Rengpipat et al. (1998)

Garriques and Arevalo.
(1995)

Maeda (1994)
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Table 2 Continued

Probiotic strain

Source

Effect

Method of application

Reference

Lactobacillus sporogenes

Bacillus S11

VKM-124

Pseudoalteromonas undina
Bacterial strains F3 and PM-

4

Alteromonas sp.

Arthrobacter XE-7

Thalassobacter utilis

Gram negative bacteria

Penaeus monodon (PL-10)

Penaeus sp.

Portunus trituberculatus

Lagenidum callinectes
(fungus)

V. parahaemolyticus,

V. anguillarum, V. nereis

V. anguillarum,
Haliphthoros sp. (fungus)

Improved growth rate and
feed efficiency ration of
postlarvae of F.W. prawns
(Macrobrachium
rosenbergii')

Increase of postlarval
survival, and provid cellular
and humoral immune defence
responses

Reduce mortality
Improved crab larval survival.

PM-4 repressed growth of
Vibrio spp.

Shrimp embryos

Shrimp larvae

Swimming crab larvae

In vivo

In vivo

In vivo

In vivo

In vivo

In vitro
and in vivo

In vivo

Venkat et al. (2004)

Rengpipat et al. (2000)

Maeda et al. (1997)

Nogami and Maeda (1992)

Gil-Turnes et al. (1989)

Li et al. (2006)

Nogami et al. (1997)

Mollusks
Aeromonas media (strain
A199)

Roseobacter sp. BS107

Vibrio strain 11

Alteromonas. sp. (CA2)

Vibrio sp. 33, Pseudomonas

sp. 11 and Bacillus sp.
(strain CA2)

Marine bacteria (Strains 11

and C33)

Vibrio sp. 33, Pseudomonas

sp. 11 and Bacillus sp.
(strain B2)

A. spp., V. spp., P.
damsella, Y. ruckeri, V.
tubiashii (Crassostrea

gigas)

Scallop larval cultures
(Variety-including V. spp.,
A. spp.)

Microalgae in a scallop
hatchery

Pacific oyster larvae

Crassostrea gigas (Pacific

oyster larvae)

Argopecten purpuratus
(Scallop larvae)

Argopecten purpuratus
(Scallop larvae)

Decrease of mortality and
suppression of the pathogen
of Pacific oyster larvae

Pecten maximus (Scallop
larvae)

Decrease of mortality of
scallop larvae

Growth and natural survival
experiment

Enhanced growth and natural
survival experiment

Added with microalgae and
colonized digestive tract (V.
anguillarum))

Compared with antibiotic
treatment, the addition of
probiotics increased number
of eyed larvae

Addition to culture water
(in vitro and in vivo)

Addition to culture water
(in vitro and in vivo)

Bathing in bacterial
suspension

In vivo

Addition to culture
water (in vivo)

Addition to culture
water (in vivo)

Natural survival experiment

in
mass culture(in vivo)

Gibson et al. (1998)

Ruiz-Ponte et al. (1999)

Riquelme et al. (1997)

Douillet and Langdon
(1993)

Douillet and Langdon
(1994)

Avendano and Riquelme
(1999)

Riquelme et al. (2001)

Live food—Algae
Several strains

Marine bacteria

Flavobacterium sp.

7 inhibitory substance-
producing marine bacteria

Putative A. sp (SK-05)

Flavobacterium sp.

Vibrio alginolyticus C7b

Turbot larvae

Microalgae growth study

Co-culture study
Co-culture study

Skeletonema costatum
culture

Chaetoceros gracilis
culture (Co-culture study)

Growth stimulation of P.
lutheri

Chaetoceros ceratosporum

Chaetoceros gracilis
Isochrysis galbana

Inhibition of the growth of
V. alginolyticus in
Skeletonema

costatum culture
Improved growth
characteristics

of Chaetoceros gracilis ,
Isochrysis galbana ,
Pavlova lutheri

Seawater(Co-culture study) Chaetoceros muelleri

Addition to culture
water

In vivo

In vivo

In vivo

Addition to culture
water (in vivo)

Addition to
culture water(in vivo)

Addition to
culture water(in vivo)

Munro et al. (1995)

Fukami et al. (1992)

Suminto and Hirayama
(1996)

Avendano and Riquelme
(1999)

Rico-Mora et al. (1998)

Suminto and Hirayama

(1997)

Gomez-Gil et al. (2002)
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Probiotic strain Source Effect Method of application Reference
Live food—Raotifer
Lactobacillus plantarum Turbot growth study Inhibition of the growth of a  Addition to diet(in vivo) ~ Gatesoupe (1991b)

Several strains

Mixed culture

Lactococcus lactis AR21

Rotifer culture

Rotifers

Rotifer culture

fortuitous A4. salmonicida
strain in rotifer culture

Increase of the specific
growth rate of rotifer culture

Growth experiment

Rotifers resistant to V.

Addition to culture
water

In vivo

Addition to culture water

Rombaut et al. (1999)

Hirata et al. (1998)
Harzevili et al. (1998)

anguillarum (in vivo)

Alteromonas . sp., Gram Rotifers Growth study In vivo Douillet (2000a)

negative strain

Commericial product: 9 Rotifers Natural growth study In vivo Douillet (2000b)

commercial products and 8

laboratory cultures

(including mainly B. spp.

and Ps. spp.)

7 terrestrial LABs Rotifers Growth study In vivo Planas et al. (2004)

Live food—Artemia

A. spp., V. spp. Artemia culture Decrease of mortality of In vivo Verschuere et al. (2000)
Artemia juveniles

9 marine bacteria Artemia Natural survival and growth  In vivo Verschuere et al. (1999)
study

Microbacterium spp., Artemia Natural survival study In vivo Orozco-Medina et al.

Exiguobacterium sp. (2002)

Saccharomyces boulardii ~ Artemia V. harveyi In vivo Patra and Mohamed

(yeast) (2003)

Pediococcus acidilactici Artemia Commercial product Addition to culture water ~ Gatesoupe (2002)

Lactobacillus casei , L.
brevis, L. helveticus ,
Lactococcus lactic

spp. lactis , Leuconostoc ,
Mesenteroides spp.
mesenteroides ,
Pediococcus acidilactici
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Addition to culture water (In Villamil et al. (2003)
vitro and in vivo)
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Development of Seed production technology
(Research for the optimum rearing condition,
salinity, temperature, etc., use of probiotics
for biosecurity)

Improvement of biofilteration technology
(Search for microorganisums for nitrification
and denitrification, enrichment culture
techniques )

Application of system
engineering technology for
optimum construction and
operation of the RAS

Use of natural energy (hot
spring, sunlight, wind, deep
sea water, under ground water,
etc.)

Practical use of recirculating
aquaculture system (RAS) for
seed production

~_~

Sharp decline of seed production cost

~ _~

Great success of stock enhancement

Fig.1 Sharp decline in the cost for seed production from the practical use of RAS.
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Distribution of the walleye pollock, Gadus chalcogrammus (Theragra chalcogramma), and oceanographic

conditions in the Nemuro Strait, Japan — II
Distribution of spawning adults in the late 1990°s

OsaMuU SHIDA

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

The winter distribution of adult walleye pollock during the spawning season and oceanographic conditions in the Nemuro

Strait were investigated based on integrated surveys, applying an echosounder and the STD from 1997 and 1999. The majority

of walleye pollock were distributed in the modified Soya Warm Current water in this area. Their depth ranged from 140 to 440

m at the beginning of the spawning season, then decreased to more than 300 m from late February to early March during peak

spawning. In late March, walleye pollock moved to shallower water. On the basis this vertical migration pattern, the thermal

conditions where they were found changed from 2 to 5° C until mid—January and from 0 to 2° C after February. The observed

fish movements and their interactions with the environment differed from those in other spawning grounds around Hokkaido.

Walleye pollock in the Nemuro Strait may have adapted to the unique oceanographic conditions in this area.
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Fig.1 Map of the study area in the Nemuro Strait showing the
locations of the STD observation stations (black

circles) and the transect line for acoustic observation.

Table 1 Summary of oceanographic observations
and acoustic surveys in this study.

Year Cruise No Date
1997 1 20 Jan.

5, 6 Feb.
24, 26 Feb.
5, 6 Mar.
24, 25 Mar.
10, 11 Apr.
22,23 Jan.
12, 18 Feb.
9, 11 Mar.
24, 25 Mar.
10, 11 Apr.
20, 22 Jan.
8 Feb.

24, 25 Feb.
8, 9 Mar.
25, 26 Mar.
12, 14 Apr.
18 Jan.

Acoustic survey

(OXOXO)
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1999
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Table 2 Walleye pollock maturity conditions based on visual
observations of the ovary and testis, according to
Yoshida, 1996.

Sex Condition Maturation Visual observation
Stages
Male  Immature 10 Spermary very small
Developing - Spermary still small and
b 20 ) .
Prespawning transparent, or larger, milk-white
Ripe 30 Spermary large. M-|Ik—wh|te and
opaque. Sperms discharge to
Spent 40 Spermary wither, brownish-red
Female Immature 10 Ovaries very small, light orange or
transparent
’ Ovaries still small. Individual
Developing 21

oocytes not visible and opaque
Ovaries larger. Yolk at globular
stage. Oocytes discernible and
Some or most of oocytes are

Pre-spawning 22

31-33

Spawning transparent
40 All oocytes are transparent
Spent 50 Ovaries wither, dark red
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Fig.2 The echogram along the survey transect (the left panel)
and the profile of temperature and salinity at St. 29 in
2000. Arrows show typical echosigns of walleye

pollock.
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Fig.3 Records of the depth of the commercial mid-water long
line fishing gear targeting adult walleye pollock in
January 2000.
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Fig.4 Echograms along the survey transect (left panels) and
vertical profiles of temperature and salinity at St. 28
(right panels) in 1997. Arrows labeled “a” show
echosigns of walleye pollock, and labeled “b” show
echosigns of other organisms. Dotted lines indicate the
upper and lower depths of walleye pollock echosigns.
A: Feb. 24, B: Mar. 6, C: Mar. 25.
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Fig.5 Echograms along the survey transect (left panels) and
vertical profiles of temperature and salinity at St. 29
(right panels) in 1998. Arrows labeled “a” show
echosigns of walleye pollock, and arrows labeled “b”
show echosigns of other organisms. Dotted lines
indicate the upper and lower depths of walleye pollock
echosigns. A: Feb. 18, B: Mar. 9, C: Mar. 24.
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Fig.6 Echograms along the survey transect (left panels) and
vertical profiles of temperature and salinity at St. 29
(right panels) in 1999. Arrows labeled “a” show
echosigns of walleye pollock, and labeled “b” show
echosigns of other organisms. Dotted lines indicate the
upper and lower depths of walleye pollock echosigns.
A: Feb. 2, B: Feb. 25, C: Mar. 6, D: Mar. 25.
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Fig.7 Changes in the maturity of female walleye pollock
caught by commercial gill-net fishery in the Nemuro
Strait from 1997 to 1999.
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Table 3 Water masses in the present study during winter
(Sasaki, 1987)

Water masses Temperature(C°) Salinity
Intermediate Cold Water £-05 32.4-33.2
Modified Soya Warm Current Water 1.0-4.0 32.8-33.4
East Sakhaline Current Water £25 £32.2
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Fig.8 Vertical sections of temperature (solid lines and plane figures) and salinity (dotted lines and italic figures) in 1997.
Vertical dotted lines show observation stations. a) Jan. 20, b) Feb. 5 and 6, ¢c) Feb. 24 and 26, d) Mar. 5 and 6, ¢) Mar.

24 and 25, f) Apr. 10 and 11.
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Fig.9 Vertical sections of temperature (solid lines and plane figures) and salinity (dotted lines and italic figures) in 1998.
Vertical dotted lines show observation stations. a) Jan. 20, b) Feb. 5 and 6, ¢c) Feb. 24 and 26, d) Mar. 5 and 6, ¢) Mar.

24 and 25, f) Apr. 10 and 11.
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Fig.10 Vertical sections of temperature (solid lines and plane figures) and salinity (dotted lines and italic figures) in 1999.
Vertical dotted lines show observation stations. a) Jan. 20 and 22, b) Feb. 8, ¢) Feb. 24 and 25, d) Mar. 8 and 9, ¢) Mar.

25 and 26, f) Apr. 12 and 14.
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Fig.11 Changes in the range of the distribution depth (left panel) and temperature (right panel) of walleye pollock in the
Nemuro Strait from the pre—spawning to spawning season.
The results in November and December are from Shida (2001).
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BB S M AEE IR KERRE, *RAMKKERMNE RIEEH, S EEKERNE XI5EMM,

BB SRR R EKERRS

Identification of oysters in Okushiri Island by mitochondrial 16 S rRNA analysis

TAKUMA KAWASAKI*', YOHEI SHIMIZU', MUTSUMU IWASA®, SHINYA YOSHIDA® and

YASUHIRO KUWAHARA*

' Mariculture Fisheries Research Institute, Hokkaido Research Organization, Muroran, Hokkaido 051—0013

* Okushiri Fishery Technical Guide Office, Okushiri, Hokkaido 043—1401

* Oshima Fishery Technical Guide Office, Hakodate, Hokkaido 0418558

* Abashiri Fisheries Research Institute, Hokkaido Research Organization, Abashiri, Hokkaido 099—3119, Japan

Oysters around Okushiri Island are difficult to classify based on appearance. Therefore, we had identified their species using

DNA analysis. After obtaining the results, we explored the relationship between species and habitat. Oysters were collected by

scuba divers at 1-9 m depth in the sea at 7 different areas around Okushiri Island from November 2011 to the next November.

It was difficult to identify the 297 oysters based on their morphological characters. Therefore, we analyzed the nucleotide

sequences of mtDNA 16S rRNA genes. Polymerase chain reaction with a template of total DNA from muscle tissues of oysters

successfully amplified DNA fragments of 464 bp in the 16S rRNA gene, which were identified as Crassostrea gigas, C. nippona,

Ostrea circumpicta, and Saccostrea sp. All of the areas had at least two different species, and species matched their characteristic

shell size and depth of habitation, but these were insufficient for certain classification. Therefore, the DNA fingerprinting

technique were shown to be beneficial for the classification of oysters.

¥—7— K :PCR, B, v—7 A, FHR, 545,

AL HRE RV H AL R IS S A B T, EAE
Bz FFRESh & LT A 7 % Crassostera nippona (Seki,
1934) [ZEHLTHY, BHELT T > ORI EE
HERIC D #MATY S, Lo L, WEEORKEIYHHO
Wi OKF, 1939) T2 FEIARETHY, BFEL
CAERLTYD 7 R ER2BESRTIEI W &
5 Z DML AR OV T L ALTHRLNTE
59, $RHH OB B RELR 35 28 O FER ISR #E 72 IR0
o b, TN FE TIWEELIZIE~ T FC gigas
(Thumberg, 1793) Ofth, FFHEIMT B X CREAMTIIKIZA T
HEPERL TS Z Ly Sh7z (HEH, 2000)0 [
WECTIR IS DA SHITR DB 2 LDk 720,

I M3 FYTDNA

HEOHBNATEBETOMT AL T, 7 FHHOE
ZTF AT X ATEOHBIP:E LT, I3 3> K1) 7DNA
LoF N7 u— A LRITEEEY 7 2= > M1 (O’Foighil
etal., 1998) B LU16S Y KV — L RNA DHEIEELH] 0%
WEFIF L7280 ® (O’Foighil ef al., 1995) DA, 1) R'—
LADNADITSHIBOE S D@ WEFIH L2 J5FE (EI,
2000) 3BV, KD FHOHEHFIZB W TIZIDNA D%
EDRDEEM TN E SNTWa (HUF - 30, 2008),
Z TR T, WRBEMLO H FEOEBIRILE
HerE T 570, BIPEETT — 5 R—A~DE ik
BHZ I b3 K 7DNAD16S Y RV — LRNA
EL T ORIERYIOEHT ATV, ORI 24T 572,

W5 AS12 (20144E8 A 6 HZH)
*Tel: 0143-22-2323. Fax: 0135-23-7605.

E—mail: kawasaki—takuma@hro.or.jp
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FRBLUHE

Ee 2

RAFFEIZIE, 20114611 H 42520124611 1223 T, B
RBFLO 78 (A~G) oKz W EShZR
RO H FHE297 R % FIV 7z (Tablel)o 185 1720 48
MBI B & O EiE 247 - 7214, BARk L CR
D—BEIRILL 720 PABAREHE, DNAHIEICH W2 £
T—30C THRAF L 720 1, A CTIEBMBIIE OB A
SIRAEMTICE T 2 EMITBHR L T,

Table 1 Number of oyster samples per collecting point and

depth
Sampling Depth
location 1~3m 4~6m 7~9m Total
A 40 0 0 40
B 28 0 20 48
(¢ 36 20 0 56
D 26 0 0 26
E 52 0 0 52
F 21 0 0 21
G 10 24 20 54
Total 297
DNA

71X, SR 7P & 0, JRFE-SDS—Proteinase
& (%5, 2008) LUIZDNAJH F » I (Wizard® Genomic
DNA Purification Kit Promega*l) (24 V) 7/ A DNA % i
L 7ze 85 N7 DNAE I 566 EEET (Nanodorop
V=T 4 v —F AT T 14744 EHVTE
FERIE 24T\, PCR U HET % £ T—30C CHRAFL 720

PCR®IE

ML Wl L7247/ ADNAZSRIE L, I by
K1) 7 DNA 16S ') R — L RNAR{ET- D5 Bl % PCR
P & D IR L 720 PCR G2 13 16 Sar:5>~CGCCTGTT
TATCAAAAACAT-3’$5 X UF16Sbr:5°—~CG GTCTGAACT
CAGATCACG-3D 774 ~v—+ v b EZHW/2 (Kessing
et al., 1989) , PCR MJBiIE, 10puL SR 2T 10xEx Taq
Buffer (¥ #1734 F#4xtt) 1ul, 2.5mM ANTP Mixture
(5 5154 TS 0.8ul, SuM 7T 4 ~—40.50,
TaKaRa Ex Taq (% 1 734 A #&1t) 0.05u, BEV
DNADY > 7V 10-100ng DFEIE THRA L THER L 720 PCR
KIBgME, =~V H% A 75— (Veriti® 74 772/
0y —Xtt) % FvT94C T2 MomEN e ok,
94°C T30 M DZM/52C T 1M o&4/72°C T2 M
OFEE% 40 [#2 VK L, 72°C T4 M ORARMREE 17 -
720 PCREEW)IE, PCREWEHEF v I (ExoSAP-IT® 7
L) 2HWT 7T 4 < —3 & UEREGINTPs DI
FRATV, HEIEEHIEATH T > TV & LT —30C TR
L7

B EARSIER

PCRIEEWZHAEIL L, v —2TYAPCR¥ » b (BigDye®
Terminator v3.1 Cycle Sequencing Kit 7 4 7727 / 0 —
) ZHWTRIEZT%\V, ¥ — 27 T APCREY®15
oo HOHNIY— 7 TV APCREWIZY — 7 20 ATEW
F58% v & (Agencort CleanSEQ kit Xy 7% I— )L ¥ —
) FHOCTEBAELEY— 27 T APCREFEEEZREL
720 WEEAD Y — 2 T APCREW # 5 HE LT, Fx
¥'71) =3 =27 %— (Applied Biosystems 3130xl ¥ =
ATAVITFIAFIA 7T 70T —%) FHWT
WERHIOUGE 24T 2 720 155 N7zIEHAFIZ NCBID
BLAST 710 7' 24 (Kaminuma et al., 2010) 2L ) 7 F A
A MERATV, 99% DL EOMFEMA D B A HFIREE L
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F—= 7 N—=2A (ARDNATFT—%/Nr7) »LHEL, 2
s I E 7 ¥ Ostrea circumpicta Pilsbry, 1904 1288 L TDA
B0% - FEPE (2008) 12 THE STV AEYIE 72,
RALRCH O FE R B & OBHEIOERE ClastalX 71 &7
2 (Thompson ef al., 1997) B L U"MEGA4 (Tamura et
al., 2007) =Hw7z,

S

B EHD16S 1) RV — A RNAEIE T DR EY % AT
L7z, %, ATTFO2MIIONTT—FRX—2
BEREH E 99% UL EOEIERLHIAS—F L 7= O % HpIfE
& L7ze F7o, WRFERHIASA N O T RED 1 i Saccostrea
sp. (Liueral,2011) & LTHEINTWD DD EEEIC
—HLERLEDT, 9% D E—HLZbDIzonT
&, AnrarFEo 1L Lz, % - 5wl (2008) (2
THEHEINTWA I TOEHFOEF] & 100% —F L7
DLOIIOWT, I TUEHFFLHB L. AHESR
TYE ALY & EIPICE R A BB 7 S E O IR YE
WEHOCTHRREZER L2, A7 adFEnl
FEIZDWTIX, 4 5 ¥ Saccostrea kegaki Torigoe & Inaba,
1981 & 7 0N\ ¥ 8. echinata (Quoy & Gaimard, 1835)
ORNAIE L7 (Fig1)o

BT OB L 0 3P0 L7 FE 2 i) | S 5 &
WRAB LU F T34, HIRCB L UETIL3ME,
B, DB X UG TII 2D/ FHAHERL TV, 2D
5, B, EB LU F TR~ AR, iiHHA, CBLO
GTIEA THEN, HED TRIANT T FED 1 AT
TLMRETH -7z (Table2)s INODOFEHE LY, HE
BRI AEO 7 AR L TB Y, B L7 7R
FTRTIZBWTHEBHEO 7 FEDSFRFIERL TV
ZENHLENE RS T,
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99 |Saccostrea sp. (AB934402 Okusiri Island)

Saccostrea sp. (HQ660994)

99

98

Saccostrea echinata (AF463493)

Saccostrea kegaki (KC747111)

Saccostrea mordax (AY247325)

100

Ostrea denselamellosa (AF052067)

IOstrea circumpicta (AB934400 Okusiri Island)

100 IOstrea circumpicta. (lidzuka et.al.,2008)
Crassostrea ariakesis (FI1743507)

100 ICrassostrea nippona (AB934401 Okusiri Island)

100

95

I Crassostrea nippona (743508)

Crassostrea sikamea (HQ660970)

L
0.02

Crassostrea gigas (AB934399 Okusiri Island)

100 |Crass0strea gigas (FI478033)

85

Fig.1 Tree diagram based on a partial sequence (464 bp) of the 16S ribosomal RNA gene of Ostreidae major and the Okushiri
oysters. Symbols and numbers in parentheses indicate the Genebank accession number. The numbers in the branched
graph shows the match percentage from 1000 bootstrap extractions.

Table 2. Results of classification by DNA fingerprinting

Number of each species

loomionJapanese Oyster Rook Oyster - e Tou
(Classostrea gigas)  (Classostrea nippona) accostrea sp. strea cireumpicta

. 2 28 8 2 40

B 29 19 0 0 48

N 0 26 14 16 56

b 0 7 19 0 26

E 40 11 0 1 52

F A 1 3 6 21
Total 82 145 44 26 297

DNASEEIZ L VFESHL N E R o725 D) b,
AT HEBLOCTr TOEF XDV TIIIMED S
OFEFIHNIIWEETH - 72 (Fig)o AN O T FED ]
TEEZEZONDHFTIE, BOLFBITTIKDO IR
B E T B HAHI T, AR ihﬁm@fr%
FAMEETH o7z (Figld)o K LT XToHERIC
LTV T HF 2OV THERTRE D MR ss %ﬁoﬁ
fg, F—HEThoTH, FPHIIZ LY IBIAEA T
H o7z (Figd)o HHBIZ X 2HMBIOZARMEIZ DWW T, il
DIEIZHIHETH - 72,

DNA$#EEIZ X DA L2480 FHIZOWT, M

IR EALR DI AT o 724G R, < F TS 40

/_4

:

~11mm (F3474.7£24.5mm) OHPEDO L DI HRDE L,
AT HF1E110~180mm (FH4118.6+33.4mm) &~ A F
WCHARTRELZAPLSWEHNICH 572, ANTOTFE
DO 1FETIE, $FIC%E30~50mm (F341.3+8.0mm) |2
Eh L TWz, a7 IO EH FIIEEEID % I
BHFECIE 2 W25, 10~120mm (CE¥75.6+32.8mm) DFi
FA-CAEANRIL BB L 7 (Figs),

PRI S A7 KGR B O LIRS B % AT L 72 5%, ~ 7
FAIAREIM LIS {, A T HFIIAKEL~9Im F T L
SAELTWize AN O N FED—FEII3ImLETOARR,
S5NFze T TOEAFIEEIC3mUIRISHH L TV 7275,
T~9miZbbFrIcR sz, (Fig6)
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Fig.3 Characteristic shell shape (arrow) of Saccostrea sp.
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Fig.4 Shells of Rock Oysters (Crassostrea nippona) from each station.
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Upstream and downstream migration history of lacustrine sockeye salmon captured in Lake Kussharo estimated
from otolith microchemistry (Short Paper)

KryosH KASUGATI*', HIROFUMI HAYANO', SHUUICHI MANO?, TOMOHARU WATANABE’,
ToMoKO YOSHIKAWA®, Mami SAITOY, and RIE WAKIMOTO’

' Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Eniwa, Hokkaido, 061—
1433, Japan

*Doto Inland Fisheries Group, Salmon and Freshwater Fisheries Research Institute, Hokkaido Research
Organization, Abashiri, Hokkaido, 093—0131, Japan

* Department of Bioenvironmental Systems, College of Agriculture, Tamagawa University, Machida, Tokyo, 194—
8610, Japan

* Environmental Science Laboratory, Japan NUS Co. Ltd., Yokohama, Kanagawa, 236—0004, Japan

*JEOL Ltd., Akishima, Tokyo, 196—8558, Japan

Extremely large lacustrine sockeye salmon, Oncorhynchus nerka (fork length: 63.6 cm), was captured in Lake Kussharo,
eastern Hokkaido, Japan. Initially, the average otolith strontium:calcium (Sr:Ca) ratio of large fish was 1.10 (range: 0 — 4.22),
which then elevated to 4, after which fluctuated about between 6 — 8 (mean 6.54, range 2.84 — 9.25), and dropped to 4 before
the fish was captured in the lake. This fluctuation in the Sr:Ca ratio demonstrated that the large sockeye salmon that was captured

in Lake Kussharo had migrated to the ocean.
F—7—FSnCall, HMEHEH, Ba, MELE, NX=H7

JERHEIN AL E BT AL A, R 77.5km’, 7J<‘i%% DEFAMORIE SN, BHETIEY 25~ A Oncorhynchus

N7 mz¥ET LEN6EHOHEBIEOM T, Ml mD masou, & AX A O. nerka, =< AO0. mykiss, 7 A< A
T AP DA RICTHA L TW S, G iﬁi ) Salvelinus leucomaenis, * 3 a1 32<S. malma, 7 71 F
W2 B ERRE S T A TAE A 2 s Hypomesus nipponensis, <t - 7" Carassius auratus langsdorfii,

JERHE L 1950—60 FRDIRIR B & 2 KDL 7 7" A Tribolodon hakonensis, T 74 T. ezoe, {4 + 3
ETNIZT AT I AFEMICL > THERT LA Gasterosteus aculeatus, /N7 713 71 Cottus nozawae, N3 3
ORI DI L 7= £ Bbh: (B, 1989), kX 7 Misgurnus anguillicaudatus, 7 7 N 3 7 Noemacheilus
1960 FACIZIE TR ERIE 2 7R L T 7223, 19804FACEAEH  barbatulus toni HFER S LT W5 (B - $iK, 2003 5 JbifE
HALDSHEA, BAEIZIZIZRELZRL TS (]I - ik, B KR LG RIE AR, 2004 ; HTJEET, 2010),
1994 5 £ - K, 2003 5 H, 2004), KEDOHIELS X JEARHES T U, 1954 4F (I MBTEIH O AN & 0 i
1968 FE LD B3 TR MT 70 &12 & 2 AT HEIC & [FH AR L TLSR, D RE SN TV R WD

HOLF T AS13 (201448 H 6 HZHE)
*Tel: 0123—32-2135. Fax: 0123—-34-7233. E-—mail: kasugai—kiyoshi@hro.or.jp
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MRBLUAE

ORI, ENIRSFEE BT A520094E 10 A 19
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I havy FHEOME © st2, ¥ &> L MIFTEfk
I ISt3, T LAY ARYNBAERE | Std, 4 A+ AN
A ¢ Sts, [ZIRDIRMHE @ St6) ICH I TO%kE
LTHro7z (Fig 1) TR L7-ABEIEXELZNEL, %
OH SRR/ W E L 72D o 7o KB e A < A
VAR & & HoA 2 BRELL 72,
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Fig.1 Location of capture of lacustrine sockeye salmon.

ANEUEAR 10 A & REVE 2> H BRI L 7285122 Tl
RIEW 2 5 L CaERMEE 2170 720
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FREIRCHEEMML LT L, ASEEE LT, BT 7V —
74787+ I~ (EPMA: JXA8100, JEOL) % H
WCHAOE# L2 53601201 T, ¥ — A% 3um,
TR 15kV, WEHER 200nA T Sr & Ca DIEE % HIlE
L 720 SITiOs B & UFCaSiOs % Sriff & CaiftE OIEHER ¥}
W22 (Kasugai et al, 2014), B & 4172Sr:Caltix1000
fFEIZLTRT,
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12 X BERTE T, 10RO/ NIEKRON, fRiE
TR TIAR, AR TIRER SN, TNEN4mM
S LR SNz, REVER TIRIE A3 3 AR HERR &
N, 4 itE shiz,

Kile A~ ZAOHADSr:Caltld, A5 1,164um D
HEFE COFHESDIF1.10+0.61 (n =389, &ifH0-4.22) T
Hotzns, FNLFIENA LA L2, BBLZ6-8
OB TLEE L (FHESD: 6.54+1.16, n = 236, 2.84—
9.25), FRAMATOEA 5 1,875 um D FEEELFE I &% L T
7= (Fig. 2),

HROEHS Sr:Calb sk & < Z L L7-Hul F TORFRE
LET & ONERGE2 S, KEEEIZGRKIR T2, i
HFCTI4BIT Lk, #MEL-EEESN,
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Fig.2 Change in Sr:Ca ratio in otolith of large lacustrine
sockeye salmon captured in Lake Kussharo.

JEFEE OWRATI AN =7 O FEilpi LIERE 147

ER

Feitg,/ W L7 r OB O Sr:Calbild, KA
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LEEHEL 722 EATRENTWAS (B - 8K, 2003), =i
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et al., 1994; Volk et al., 2000) o #IEEJINIHiE STV B
= afa il A ER R OT, ENs A E R
THMELTETWAIREEIZEVWD DL EbN D, Hst
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Ja—brT v 7 TRAEN MRS NZ &0 b EM
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Table 1 Number and fork length of lacustrine sockeye salmon captured in Lake Kussharo

Small fish Large fish
Station Number of  Mean + SD Range Number Fork length
fish (cm) (cm) of fish (cm)
1 4 28.8 +2.1 26.4-31.6 - -
2 46 28.1+ 1.4 26.2-32.0 - -
3 168 27.6+0.8 25.5-31.1 - -
4 105 27.6+ 1.0 25.7-31.9 -
5 249 - - 1 63.6
6 11 - - - -
Total 583 277+ 1.0 25.5-32.0 1 63.6
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Instance of Small Pink Salmon, Oncorhynchus gorbuscha in rivers at the Nemuro Strait, Eastern Hokkaido, Japan
(Short Paper)

MiTsurRU TORAO

Doto Research Branch, Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,
Nakashibetsu, Hokkaido 086—1164, JAPAN

I examined the body size, maturity and age of “small pink salmon” caught in the rivers at Nemuro Strait, Eastern Hokkaido,
Japan. On September 28, 2009 a male pink salmon with a fork length of 31.5 cm and weight of 381.4 g was caught in Shibetsu
River. The Gonad Somatic Index (GSI) was 7.86. This mature male had scales indicating 1—year old fish (i.e., “jack”). A female
pink salmon caught in Furen River on 20 November 2010 had a fork length of 26.5 cm and weight of 156.8 g, indicating it was
an immature (GSI 0.77) 1-year old fish. An immature female (28.5 cm in fork length) caught in Kunbetsu River on 10
September 2013 had otoliths marked by the Alizarin Complexone (ALC). Marked pink salmon were released from the Shibetsu
Hatchery during May in 2012. Therefore this fish was a 2—year—old fish. “Small pink salmon”are likely of contain mixed age,

sex and maturity, and the ocean conditions (e.g., water temperature and nutritional conditions) affecting the growth of juvenile

pink salmon during their first year at sea may have some influence on the appearance of small pink salmon.

¥ —1 — N . Oncorhynchus gorbscha, T % v 7, WHASE, FkE, £, S

B IS BT B T 7 M= A Oncorhynchus gorbuscha
DOFEIIIE8~10 BT, HEICEF LA T 7 < AIZE
WARE g 2 &t A — Y 7 IR AT IS B L
FEINY %o WAL L 72HESIIRBRD4~6 A0 TR L
(IR - B, 1966 ; RS, 2010), iRREETEHR s A%
W L7tk Ah— 7k Em LR AT I a)EE
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BT T N ALE T TOMAT2E TR LD
BRICHEIET 572012, IBEAEMRAE & A B | A Gl
WRREEA S 5 (Heard, 1991), —H4 T, dLKTIEEHII
EAEPLIFEAPHEHT LI EPMOENTW S (Anas, 1959;
Foster ef al., 1981; Kwain and Kerr, 1984), ¥72, T2 7®
TN 2 OFJNRALHEE D A R — Y 7 e A AR WIS
BINTH 14 EEZSNLNRO N T 7 < ADHijE
ENT L OHEDDH S (Ivankov et al., 1975 5 JEH, 1965 ;
JEH, 1984), THS5D/NNH T 7 b AZWFh b B

F30em BEEC, MRE I A TR S W AT 5L
MHEEOZH - INH W SN2 BLOEE (2008 4[]
JEHEMES0.5£2.7cm, n=700 ; HE542+4.3cm, n=345;
2009 4F 0] )7 BEMES1.1+2.4cm, n=849 ; H57.3+4.4cm,
n=101, R, KIFHEE) 1B L, HL2ITNE W,
INFE TIIHRE IRV, REEHGREOMINI BT
b PR CHEL R VBRI AT T b v
ARSI ND L) (—BAEEAREENST - £
FTHIEEE S, ME). LArL, ITN6o/Nlh T Tk
< A DAERGR AR 7 EAM RIS O W TIAHT
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EMOIE AT > 72D THET 5,

W5 AS14 (20144E8 H 6 HZH)
Tel: 0153-72-6141. Fax: 0153—72-5188.

E—mail: torao—mitsuru@hro.or.jp
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Fig.1 Map showing the locations of three sampling rivers in
Nemuro Strait. Open circles indicate sampling points.
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Table 1 ALC—marked pink salmon released from the rivers at Nemuro Strait during 2012—2014.

Brood Yearof Year of Return Release Site Type of Length of major Length of minor
Year Release at 2-year-old ALC-mark axis in ALC-mark axis in ALC-mark
2011 2012 2013 Shibetsu River ~ Single-large ring ~ 265.8 + 23.3 1444 £ 104
2011 2012 2013 Shibetsu River ~ Single-small ring  214.1 + 27.2 98.0 + 8.4
2011 2012 2013 Touhoro River Double-large ring 255.5 + 27.1 134.0 £ 8.9
2011 2012 2013 Touhoro River Double-small ring  200.3 + 26.7 86.9 + 8.0
2012 2013 2014 Shibetsu River ~ Single-large ring 2949 + 27.3 1543 £ 94
2012 2013 2014 Shibetsu River ~ Single-small ring  262.5 + 29.3 111.7 £ 7.7
2013 2014 2015 Shibetsu River  Single-large ring  229.2 + 21.0 1239 £ 7.5
2013 2014 2015 Touhoro River Double-large ring  229.2 + 21.0 1239 £ 7.5

Table 2 Biological traits of small pink salmon caught in the rivers at Nemuro Strait.

Stream Fork length Weight

Sex and

Mean number

Catch date sampled (cm) () maturation GSI of circuli Estimated age
28 September 2009  Shibetsu River 31.5 381.4 Male, mature 7.86 19.3 0+
20 November 2010 Furen River 26.5 156.8  Female, immature  0.77 17.7 0+
10 September 2013 Kunbetsu River 28.5 - Female, immature - 29.3 1+ (confirmed by ALC-marking)
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Photographs of small pink salmon. a: small mature male pink salmon caught in Shibetsu River on 28 September 2009;

b: immature female pink salmon caught in Furen River on 20 November 2010; c: the testes of pink salmon caught in
Shibetsu River; d: the ovary of an immature female pink salmon caught in Furen River on 20 November 2010; e: the
ovary of an immature female pink salmon caught in Kunbetsu River on 10 September 2013; f: Otolith ALC marking

of Kunbetsu River pink salmon.

Fig.3 Scales of the small pink salmon caught in rivers at Nemuro Strait. a: 1—year—old mature male pink salmon caught in
Shibetsu River on 28 September 2009; b: 1—year—old immature female pink salmon caught in Furen River on 20
November 2010; c: 2—year—old immature female pink salmon caught in Kunbetsu River on 10 September 2013. d: 2—
year—old mature female used for enhancement program on 14 September 2009. The bars show the length in units of 1—

mm. Arrows show the 20th circulus.
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