ISSN 0286-6536

timE K EREEMHRRS

%635 ¥R 2143 A

SCIENTIFIC REPORTS

OF THE

HOKKAIDO FISH HATCHERY

No.63
MARCH, 2009

AbigEE LK PER LS

061-1433 R ETT LA ARRT 3 T H373%Hh



AbifgsE L AR PE R AL S i JE
7563 7 (2009)

ToMIKO ITO AND MIYUKI NAKAJIMA
Abundance of salmon carcasses at the upper reach of an adult salmon trap:

Ten years of observation at a tributary of the Chitose River, Hokkaido, northern Japan ===+ 1 =7

T Ak - /A

%%*ﬂaﬂj%&ﬁﬁ%i‘/%*”ﬁﬁ Lf::yvxgﬁ%@ ............................................................ 9 —13
y I
RS - IRGE— - R - B RUR - PR BT - A HE - SRR A

EEUJllzlgslziﬁozﬁaj—éﬁ-y avxg)iﬁﬁj:ﬁﬁ/ﬁﬂ ............................................................... 15—19
NHE

YU S< AHEA DR - %?%i[ﬁ”ﬁ%bk@&_:/j—_/\_&/fb ................................. 21—23
NHE

IS HEE Y % 5 % T2 3 o 7 2 T U DBERINHE <o evreeee e 2527







AbimE K EER SR 63, 1-7, 2009

Sci. Rep. Hokkaido Fish Hatchery 63, 1-7, 2009
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salmon trap: Ten years of observation at a tributary

of the Chitose River, Hokkaido, northern Japan

Tomiko ITO™ AND Miyuki NAKAJIMA®

'Hokkaido Aquatic Biology, Hakuyo-cho, 3-3-5, Eniwa, Hokkaido, 061-1434
*Hokkaido Fish Hatchery, Kita-kashiwagi 3-373, Eniwa, Hokkaido, 061-1433, Japan

Abstract The abundance and biomass of salmon carcasses (Oncorhynchus keta and O. masou masou) were studied

in a spring-fed tributary, the Naibetsu River, Chitose River system, Hokkaido, northern Japan, during 1998-2008.

Almost all adult salmon are caught by an adult salmon trap each fall at the lower reach of the Chitose River for

a salmon enhancement program. The abundance and biomass fluctuated annually and seasonally, with two peaks in

the fall and winter. The range in carcass biomass was 0.05-10 kg 100 m” in fall and 0.4-61 kg 100 m™ in winter.

In some years, the biomass was greater than the lowest effective biomass for stream production, 5 kg 100 m”, which

was evaluated in previous studies. The total number of carcasses in the fall was significantly correlated with the high-

est water level at the lower reach of the river, indicating that adult salmon swam over the trap at flood stage. Carcass

abundance in winter may depend on the population size spawned in the wild at the upper reach.

Key words :

Introduction

In the last two decades, studies conducted mostly in the
Pacific Northwest have revealed that salmon carcasses are
important for production in river and riparian ecosystems
(reviewed by Kline et al., 1997; Cederholm et al., 1999;
Ito et al., 2006). In rivers, salmon carcass nutrients are
consumed directly by benthic macroinvertebrate scavengers
and indirectly through benthic algae or fungus by grazers
and detritus feeders. Because salmon carcasses are carried
to riparian zones by birds, mammals, and floods, they are
also available for many terrestrial animals and plants.

The consumption of carcass nutrients by aquatic in-
vertebrates results in the rapid growth and high survival
rate of salmon juveniles. For example, the growth rate
of juvenile coho salmon (Oncorhynchus kisutch) is
higher in carcass-rich streams than in streams without
carcasses (Bibly er al., 1998; Wipfli et al., 2003), and
the return rate of adult coho salmon is higher when

their juveniles grow in carcass-rich years than in car-

abundance, biomass, fish trap, flood, salmon carcass

cass-poor years in the same stream (Michael, 1995).
In northern Japan, almost all of the adult chum
salmon (O. keta) that return to spawn have been cap-
tured over the past several decades by adult salmon traps
in lower reaches of rivers for artificial fertilization and
enhancement (Nagata, 2003). However, since the mid
1990s, the adult catch has decreased in many rivers from
mid-October to November (Nakajima and Ito, 2003).
We studied the abundance of carcasses in Naibetsu
River, a tributary of the Chitose River, which is located
upstream from adult salmon traps, in Hokkaido, northern
Japan from 1998-2008 and reported the abundance of
carcasses, mass-loss process, and the positive effect of
carcasses on benthic amphipod reproduction based on
the first 5 years of observation (Ito et al., 2004, 2005;
Kusano and Ito, 2005). The aims of the present study
were to estimate the seasonal and annual fluctuation of
carcass abundance and to eclucidate the factors influenc-
ing the abundance based on observations over 10 con-

secutive years.

* E-mail: tobikera@siren.ocn.ne.jp
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Methods

Study site

The Naibetsu River, a second-order spring-fed stream,
originates 50 m above sea level, meanders through a de-
ciduous forest for about 3 km, and flows into the
Chitose River, where almost all adult salmon are caught
at the lower reach for artificial enhancement (Fig.1). In
1964, a 2-m-high dam (without a fish road) used for
city water was constructed 300 m upstream from the
mouth (the point where the Naibetsu River flows into
the Chitose River), which prevents farther upstream mi-
gration by salmon. The study site was approximately
2100 m’ in area (300 m in length and 7 m in average
width) between the dam and stream mouth.

At the study site, the stream discharge is about 0.33
m’ s and the gradient is about 0.5° as measured from
a 1/25000 map. Crowfoot (Ranunculus yezoensis) and
water speedwell (Veronica americana) reside in the
middle and edge of the stream. Large boulders are ab-
sent and a few fallen trees exist, but some pools can
hold carcasses. The water temperature ranged from 4.
2°C (January 16, 2000) to 11.7°C (September 8, 2006),
and electric conductivity (HORIBA ES-12; Horiba,
Tokyo, Japan) ranged from 5.5 ms m' (October 10,
2000) to 9.9 ms m" (September 9, 2001).

Adult salmon traps were set 7 km downstream of the
study site from late August to early December every

year (Fig. 1). Every fall since 2004, a number of male

Hatchery

chum salmon have been released on the upper side of
the trap by the Chitose Salmon Museum for observation
by the general public. Other features of the study site
are shown in Ito et al. (2005).

Methods

Carcasses were counted and weighed from September
to March 2008, biweekly from 1998 to 2000 and
weekly during 2000-2008 to estimate their abundance
and biomass. At each visit, the carcasses were counted,
identified as to species, and wet weighed to the nearest
0.1 kg using spring scales (Kamoshita or Zanko).
Following the data collection, the carcasses were gently
placed back in the position where they were found. In
subsequent visits, if the same carcass was present at the
study site, it was counted and weighed again.
Abundance and biomass of carcasses were calculated in
100m* units at each visit.

Each carcass was tied at the mouth and opercle with
a numbered tape. The total number of carcasses found
in the study site was noted by counting the plastic tapes
used in each season. The tapes were not used in 1998
and 1999, so we substituted the maximum number
counted first for the total number in a season.
Therefore, the total number was underestimated in 1998
and 1999.

Because we found many carcasses from mid-January
to mid-February 2008, we weighed 20 randomly chosen

carcasses and substituted the total weights at each visit.

Water Level
Observatory

Trap for Adult Salmon ..{...
STUDY AREA

Dam for City Water
Naibets,, River l Chitose RiVEL
% -

Z

Fig. 1 Map of the study site, adult salmon trap, and water level observatory in
the Chitose River system. Open arrows along the river show the direction of flow.
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Fig. 2 Biomass of salmon (chum and masu) carcasses at the study site, 1998-2008.
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Results

Species of salmon carcasses

Almost all carcasses were chum salmon, but a few
masu salmon (O. masou masou) were found almost every
year: 1/44 (1 masu among a total of 44 carcasses) in
1998 and 1999, 1/7 in 1999 and 2000, 4/8 in 2000 and
2001, 1/48 in 2001 and 2002, 1/63 in 2002 and 2003,
0/66 in 2003 and 2004, 0/67 in 2004 and 2005, 0/199 in
2005 and 2006, 1/183 in 2006 and 2007, and 2/746 in
2007 and 2008. The masu salmon carcasses were found

from September to November, but never in other months.

Influence of release by the Chitose Salmon Museum
on carcass abundance

In every fall of 2004-2007, a number of male chum
salmon have been released on the upper side of the trap
by the Chitose Salmon Museum. Numbers of the salmon
released and numbers of male chum carcasses found in the
study site after the release dates were 300 and 5 in 2004,
400 and 1 in 2005, 200 and 1 in 2006, and 80 and 0 in
2007.

number of the salmon released (=0.422, p>0.05), sug-

Number of the carcasses was not correlated to

gesting that the salmon release by the museum did not in-

fluence on the carcass abundance in the study site.

Seasonal changes in carcass biomass

Carcass biomass at the study site is shown in Fig. 2.
The biomass in the fall fluctuated from one peak (9 years
except 2004) (2004).
biomass in the fall ranged from 0.05 kg 100 m> (2002)
to 10 kg 100 m” (2005). The winter biomass peaked in

mid or late January and decreased to zero until February

to two peaks The maximum

or March. Maximum biomass in the winter ranged from
0.4 kg 100m™> (2000 and 2001) to 61kg 100 m> (2008).

Annual fluctuation in carcass abundance

The total number of carcasses in the study site is shown
Fig. 3. In the fall, carcasses ranged from 1 (2002) to 28
(2001), while in the winter, they ranged from 3 (2000
and 2001) to 746 (2008). A gradual increase was ob-
served in the number of carcasses found in winter during
the last 3 years of the study, and they were extremely
abundant in 2008.

Because many adult salmon are caught at the fish trap
in the Chitose River, carcass abundance may have been
influenced not only by the size of the salmon population
migrating up the river but also by the high water level
over the trap. We inspected the quantitative relationship
between the carcass abundance and total adult catch in fall
at the fish trap (National Salmon Resources Center, 1995-
2008) and the highest water level at the observatory in
the lower reach of the river near the trap (Fig. 1,
http://www 1 .river.go.jp/cgi/SrchWaterData, date
2008; Ishikari

Construction, unpublished data) (Fig. 4). Based on the

access

January 31, River Development and
Pearson test, the total number of carcasses was not corre-
lated with the total adult catch (Fig. 4A, p= 0.57), but it
was significantly correlated with the highest water level
(Fig. 4B, p= 0.01) in the fall. When we analyzed the in-
fluential factors of winter carcasses, we omitted the ex-
tremely large number found in 2008. The total carcass
number in winter was not correlated with either the total
salmon catch in fall (Fig. 4C, p= 0.86) or the highest

water level in winter (Fig. 4D, p= 0.07).
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Fig. 3 Total number of salmon carcasses at the

study site, 1998-2008.

Discussion

Abundance and biomass of salmon carcasses fluctuated
seasonally and annually at the study site (Figs. 2, 3). In
the fall, carcass abundance was correlated with the highest
water level downstream of the fish trap (Fig. 4B), indicat-
ing that the abundance during this season was highly
affected by flooding over the trap. This conclusion sup-

ports the results from the first 5 years of observation at
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Fig. 4 Relationship between the total number of carcasses in Naibetsu River and the total adult catch or the highest
water level at the lower reach of the Chitose River. A. Total number of carcasses in fall versus the total adult
salmon catch in fall. B. Total number of carcasses in fall versus the highest water level in fall. C. Total number of
carcasses in winter versus the total adult salmon catch in winter. D. Total number of carcasses in winter versus the

highest water level in winter.

this study site (Ito et al., 2005). Adult salmon might be
stimulated by high flow rate at flood to move upstream
(Banks, 1969).

Because the carcass abundance in winter was not corre-
lated with either the total salmon catch in fall or the high-
est water level in winter (Fig. 4C, D), some adult salmon
may have migrated and spawned in the upper reaches of
the Chitose River during that season. Moreover, the annual
fluctuation in their abundance, including their high abun-
dance during 2007-2008, may have been influenced by the
size of the winter population each year. This estimation
coincides with our previous study (Ito et al., 2005).

The influence of salmon carcasses on stream productiv-
ity has been studied in the field and laboratory. Bibly et
(2001)

Northwest and showed that the increase in carcass-derived

al. reviewed 26 field surveys in the Pacific
nitrogen was first detected in the muscle of juvenile coho
salmon at sites with around 5 kg 100 m” of carcasses. In
the laboratory, the adult weight of a detritivorous caddisfly
increased about 10 mg by adding a small piece of salmon
flesh to a rearing bottle (20 cm’ bottle bottom area; 0.5
kg 100 m?) (Ito, 2005). Therefore, 5 kg 100 m” in field

1) Data omitted for statistical analysis: see text.

studies and 0.5 kg 100 m” of biomass in laboratory stud-
ies are the lowest estimated effective carcass biomass.
Among 20 seasons, we found four in which the biomass
was higher than 5 kg 100 m” (winter 2003, fall 2005,
winter 2007, and winter 2008) and among 15 seasons,
they were higher than 0.5 kg 100 m” (all except fall and
winter 1999-2000, winter 2001, fall 2002, and fall 2007)
(Fig. 2). Therefore, large quantities of carcasses were pre-
sent at the study site in some seasons despite the presence
of the adult salmon trap at the lower reach in the fall.
Because the river originates from a large lake (Fig. 1),
the fluctuation of water discharge from the Chitose River
is small compared to other rivers that flow from moun-
tains in Hokkaido (Japan River Association, 1974-2000).
Therefore, the possibility exists that adult salmon swim-
ming over traps would be more numerous in mountain
streams. In fact, a biomass greater than 5 kg 100 m”, the
lowest effective biomass for wild populations of salmon
(Bibly et al., 2001), was observed in several other streams
in northern Japan (Nakajima and Ito, 2003; Nagasaka
and Nagasaka, 2004). The effects of salmon carcasses on

stream productivity warrant study in northern Japan.
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Incubation of rainbow trout egg using green tea extract and copper fiber

MakoTto HATAKEYAMA"™ AND NosuHisa KOIDE

Hokkaido Fish Hatchery, Kitakashiwagi 3-373, Eniwa, Hokkaodo 061-1433, Japan

Abstract The prevention of soft egg shell disease by treatment with green tea extract was demonstrated in rainbow trout
fertilized eggs. The eggs were dipped in 0.2 % green tea extract for 30 min a maximum of six times and the hardness of
the egg was evaluated using a fruit penetrometer. At 264 temperature units (degree - days), figures for the average hardness
of the eggs treated once, twice, four times, six times and without treatment were 1.4, 1.6, 1.7, 1.7 and 0.9 kg, respectively.
The eyed rate of the eggs without treatment was relatively low value (67.7%) when compared with those treated with green
tea extract (77.8 to 80.2%). The hatching rate of the untreated eggs was 59.3%, while the rates for eggs treated once,
twice, four times and six times were 76.8, 79.7, 53.7 and 44.4%, respectively. The cause of the low value observed in the
hatching rates of the eggs treated four and six times respectively was considered to be the abnormal hatching due to over
treatment. The joint usage of green tea extract to prevent soft egg shell disease and the copper ion used to control the water
fungi infection was used to evaluate the effectiveness in rainbow trout fertilized eggs. The eggs were dipped in a green tea
extract solution at 0.2 or 0.4% strength for 30 or 60 min. Following the green tea extract treatment, the eggs were incubated
under running water containing 8.0 mg *+ L' of copper ion supplemented from the copper fiber until the eyed stage. During
the test treatment, the dipping in the solution of green tea extract at 0.4% for 30 min followed by the incubation supple-

mented with copper ions successfully inhibited the occurrence of soft egg shell disease and the invasion of water fungi.

Key words : =< A, FKIEMHY, #1442, IEIRILE, IALE

Sci. Rep. Hokkaido Fish Hatchery 63, 9-13, 2009
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CHEEST K FEMALIGICRZE L, I A B BTk L Ciddn
A F 2 ORI, F TR IO U CASER
OHAPENTHLZ L E2RHELTWVD, ELAKD
(2008) & v B B2 R TERI NP ITIRE S 5 & GV
HRALRE Z2 PR3 28R 2R L T D,

ARIETIE, AKMNBHEDERTHD =V AD
FRIN IZRE U CERSE Y A R U T2 SR s A L RE #1450
ROWERZITY, £, I XD Y & INEIRALAE % [F]KF
IHIH] 2 ik & U CHRIERNHIY & 81 > D BT
Batto Tz,

A&

FEHMEYIC & 2 IRREACE T IR

JLHEEN D =~ AFEHHIZITT 2005 425 H 10 HiT
BN S T B2 RS TE R I0 % AL Ml 3T K R L3558 R S 4
(e P EEAT) 1CXEs kil 9.1°CoH Rk) L,
R AT o Tz, RBRINTIZ, KT L TZIEE 0.2
%ORIEMIE FEM4:H A ) 7T =X 2 AM; K1t
FHRALAL) ~D 30 SR ORIBELE &, ZHEEHIZ
v, LARER) 3~4 AR CHRERIEYV IR LUz, 2R3E
LB OFRBRIX TR 1, 2, 4, 6 DB D L
v ho—b (LE) KEMXARFSKE Lk, &%
i H Py LB o L 2 S X, RERLKIR 18, 46,
82, 109, 146, 173 EDZRSTIToTe. T2, FH
ki 82, 146, 200, 264 £ ORESTHA (1998) OF
HEaBEIT, KX 25K O OWRMRE %, INEEKE
fif 0.5 cm’ OREMEF RAHEARREET) Ik
VHEE L Tee T O EIFRFEREE G O %2 502 H
TFETRAICMEL, AR T 2R A TOME
HEIEORE L UTHHMET 2 b DO TH 5. INEITZI
JEDON I AR S 4, INES—E R % L R
AT AT 5, 207, WIZRE ORLHEN
ZOWT, AfiE OnER) - ONEoR G Ho
HN TR EINDIRE LA TH D, Al T
XEBRLay hOFIZHNWTWS 2, BHICHE
B/ (kg DHROKILE Lic, KX O ZLam e 1 35%
FHKIL Z & 12 ANOVA (One-way factorial analysis of
variance) 12 X UV SEEEO IR EZIT, ERALNTE
%54y Bonferroni Inequality test (T & V) fEALEEX & £ 4L
HX D ZWHE Llc, #alRHAITIE ystat2000.x1s  (E
FREH RS W, FRKIE 264 FEOR;

JTIX 6 MO FIERN NP ILEE 247 - T2 I3 X OV L
DI T IV DO RERE % 8 R ITHE W AT 151
Wi (S-510, BRASAEPLBMER) CTEI% Lk, &
B, INOZRLE LB & Wi 245k O IE & W B IfT
LB HMEOPE EIIfTHI T L & L, &K
OINIMIbE TEILL, TNENRIRE, PLEEHE
HL 7z,

FEMEM LR, A OHRARER
ISR A (eHgE B)IIT) CRlBRIn o B
Ziio o, HRBRITIZ 2007 44 H 9 HIT, Z O
TEBEINTEEBRDO =V < 2B L VI SN2
PRAMEH U lc, BRINEHEE N O LR IZE K ST
WAKIE 7.5COBKTEH L2, —EREDOHRA A
YEERE, RAKICEMT 2 FHEE LT, KO 7
A "— (Fig. 1, HARF— o —n#RAath) 208
LA DI EFITHRA LT, 7 7 4 N—DfFA
I3 10 L O EAKITH LT 80g & L, AR
O TIKRDHA A R IX RN REY —~ VR
FERE Z2-6000 (RRNA4E HALBAERT) 2RV, #ikic
BEVHIE Uiz 87 7 A N—13 8 A% 3 R A3 L
TR TR L oo TR OATIER HPITIRE % 0.2%
BLW 0.4%, BEMRMZ 30 2B8X0 6040ELLT%
FEEBRIN AL Te, BRI 7% 2 DRIEIZON
T 0.2%3 LT 0.4%0LHE, BIERRIZOWT 30 28
OV 60 AL, HIZE T 7 A N—DBEH, JEBEAS
HV, TNHOMAEHLETYIX, Hizay hu—)L
(fERLER) X L7 7 A N—DOBRMH LXK 2 &
10X E L. BERKIE 210 £ OF: S T TORER
XOFAREK, I AHEFHFER (I X CHENE - 2

Fig. 1 Copper fiber used in this study as the source
of copper ions.
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Table 1 Hardness of the egg treated with green tea extract at several temperature unit

Times of the treatment

Egg hardness (kg) at each temperature unit (degree * days) "

with green tea extract™

82 unit 146 unit 200 unit 264 unit
No treatment 1.0 £ 03 1.2 £ 04 1.1 = 04 09 £ 0.5
1 1.6 £ 0.4** 1.6 £ 0.4** 1.6 £ 0.4%* 1.4 £ (0.3%*
2 1.6 £ 0.3** 1.5 £ 0.3%* 1.7 £ 0.3%* 1.6 £ 0.2%**
4 - 1.7 £ 0.3%* 1.8 £ 0.3%* 1.7 £ 0.2%*
6 - - 1.8 £ 0.4%* 1.7 £ 0.6%*

Values indicate mean * standard deviation

"": The treatment of eggs was dipping in the solution of green tea extract at 0.2 % for 30 min.

? : Egg hardness was measured by a fruit penetrometer .

** . Significant difference with no treatment egg at the same temperature unit (p <0.01)

OB ERHT DL L B ICREMETICE VIO
W i A {if ik & RIAR ITHIE LT, & X ol g
O IR & MR IC T o 1o, £, ARz
WTHZ 7 A /N —RLBEX & JEILBRIX o 2 BRSO, %6
IRE L NI Xh EHFEEDZE% Mann-Whitney  U-test
WXV IR U Te, #EETFRHRNTIE ystat2000.x1s 2Nz,

w R

MBI & 5 INEEILAE F R

A ARBR I O R RKIR Z & oW AR E 0 SE I E &
Table 1 1Z/R9, FHEHIHY T L 72 & X%, & T
OIEREIEIT BN TIRIFFH O MALBEX X 0 & = Ik
ARE DR FE P o T (p<0.01), KRERX OFIRE, i
fL# % Table 2 127”39, JEHRFITMALILX T 67.7% T
HoTens, RERMBH OB ETT-> T2 DIE, 77.8 2>
5 802%TH Y, MMHIX & Higd 5 & ZnZ1H 10
AV MR Te, BAEFRITMALILA 593% TH - e
DITxF L, 1 [MMLEEAS 76.8%, 2 [MIRLEA 79.7% &)
20 A ¥ MEhoTe. LU, 4 RILEE, 6 RLET
EIRALIRE I AR AN 6 A VRS, fadk D —E D s
DEAMICEEI L, R THLETIHARALN LD
ML IZR <, 4 BIMLEET 53.7%, 6 RIULIETIX 44.4
%L rolc, a6 Bl OFEEHMILEL 217 - T 5 E
T OMEALEE o B D 2K 1) 0 7 AR E - BEM SIS % Fig. 2
IR T, 6 MIOFEEH LR 217 > fo JH 2 1 el
BEOII LX), AW B 2R Mt ANk 5 M
EERL TV,

REMBY LA A2 OBRARER
87 7 A N— A LWL K IC & £ 5 8 A
A UVBREIX 3.0 mg - L' THoTH, HALLIMEA

Table 2 Eyed rate and hatching rate
treated with green tea extract

of the egg

Times of the treatment Eyed rate Hatching Rate
with green tea extract (%) (%)

0 67.7 59.3

1 77.8 76.8

2 80.1 79.7

4 78.7 53.7

6 80.2 44.4

Fig. 2 Surface of the egg treated with green tea ex-
tract (SEM). The letters of a and b indicate the egg
surface treated with green tea extract six times and
the surface of the egg without treatment, respectively.
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KOFA A IBEIX 80 mg - L' Th oz, FRIX
DOFEARHE, I XK EEHEFE, FEHWZME % Table 3
ICRd, & TORBRK THIREIL 5% ETH - 7.
I AH CHERITIA AV IEBHOKX T 48.1 225
70.6% TH > TeDITR L, A4 HERAAX TIX 26.2
N5 405%ThH o Te, A A ALK & IEJERAAX
TR U AS R, IR R A EEIT R L, 3
AN EFERITIIARERD -T2 (p<0.01), i1
F VBRI U TORWIESER LR X D SE 5 T 2L
WEEZaY br— VX E LA, BE 02%T
30 4> DILEX. (p<0.05), BLT60 7 DIMHX (p
<0.01), ¥/ 0.4%T 30 3B LT 60 0 OILEX. (p<
0.01) DTRTTHRIEE SR> T\, —7, 4
FUEALEZENTE, arhe—A XK I baE
W BRI A3 D o T DI, ZREEM M 0.4% T 30 43
DR DA TH Tz (p<0.05),

=

JIAS (1975) IZBNEERALEE I DWW CTEID N ER R &
SO Mgt 2 ik e T 2L LR L TS,
Alderdice et al. (1983) I1XINEHRALIE 2 32 W13 5 5 4%
ELT, b hORKONTEENETZHEEZILHL,
KFEOR PN AT A KT AELZEY M) o 2 H
W, Bl —EEEAZMEL, ZA514 K752 LR
FRTAAR I & 0 SHOWNIEZE T 5 TEEBIE L T,

AR TIEIEOMS S, NG S Z2UET L FHE
LT, REMERZHV, JEANHT S & E0ME
BRERAGEDIEEE L Uie, WL HI/NYGE
O BEL L, TS0 mMESYS AT
DITIX 22 R & 5 2 Do

FREER I X 2 INEHRARSE PR RER IR W T, WY
SR II A BER LB &2 1T 5 Te & T O X O A FERIK
BTary bu— VXK EHERERD Y, INERILED
PRI RHER S T, ZREER P DA 5 DRI H3
PRI E RS 2, RMERHED D NFRIETHZ L
2, BIEHKAIE 2 PR32 X @& & EX b B0,
HRJE TR U T2 5 A T3 IRE I SR A3 58 A TR,
TRALIZEERNT D Z &3 o T, MILIZREENR TR
6 [BlDAHER R 17 o T IR O KNI B 272 b
EERE T DG ER L T, T OfEORKINIZAR
HTH D25, IR AT > TWBREESISER M D
FISPOEDTHoTe LANET D751, BIE e Li
PPN A T LML R AR Z Le & & %
5T ENTEDS, BIRFITREMHIUILZ T2
DTIX77.8 125 802% THoTcDiZxfL, a> hu—
WVIXDR67.7%Td - Te. WALERITIRZEMY 1, 2E
Ty e — VRIZHAK) 10 RA > bR T,
TN B RIRELMALE DO AE DI LITONTIE, &7
U BN OWZLREN LR Lz LidiETERND
OO, FRREKIZFE CIHEZEH LSO THDH T L
P, e & S AHEHHYILER AT & 2D R g

Table 3 The joint use of copper ion and green tea extract for rainbow trout eggs

Treatment

Copper fiber" Green tea extract

Eyed rate (%)

Infection rate of

water fungi (%) " Egg hardness (kg) "

none 95.7 70.6 14 £ 0.7

0.2 %, 30 min 96.6 59.6 1.7 £ 0.6*
none 0.2 %, 60 min 96.1 579 1.8 £ 0.4%*
0.4 %, 30 min 97.0 69.2 1.8 £ 0.6**
0.4 %, 60 min 97.2 48.1 1.9 £ 0.3%*

none 96.3 26.2 1.2 £ 0.7

0.2 %, 30 min 96.2 32.6 1.6 £ 05

80 g 0.2 %, 60 min 97.2 39.2 1.5 £ 0.6
0.4 %, 30 min 97.1 40.5 1.7 £ 0.5*

0.4 %, 60 min 96.8 34.8 1.6 £ 0.5

"': Weight of copper fiber dipped into the running water at 10 L min’

"2 : Infected eggs * Dead eggs™ (in percentage)

": Mean * Standard deviation

* ¢ Significant difference with none-treatment egg ( p <0.05)
**: Significant difference with none-treatment egg (p <0.01)
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BHZTREREEZDBND,

FRIUEH A & 80 A A2 O PR ICBNT, AL
TERAKDOWA A PEEIX 80 mg- L' T, =ifid
(2005) IR BH D LT D 5055 200 mg- L' D
HIANTH Tz I AH EHERITHA A2 IEBHIX
TR, $A A BER RS E RIS, A F o
RH EHHIN RIS R S N, A A ZTML 720
ST O OB LR X, SZRTERHLEX A3 a
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Z D%, WALHAKICHA A 280 mg- L' &b X
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RFEDONZNDDOEEZ BN,
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Timing of upstream migration of masu salmon in the mainstem and a tributary
of the Shiribetsu River

Yasuyuki MIYAKOSHI", Naokazu MATSUEDA*, Goicui MUSASHI,
TakanoBu SUGAWARA’, Keiko TANAKA®, Jun SAKAMOTO’
AND Fuminisa TAKAHASHI*

'Hokkaido Fish Hatchery, Kitakashiwagi 3-373, Eniwa, Hokkaido 061-1433, *Fisheries Division, Industrial Promotion
Department, Hokkaido Government Shiribeshi Subprefectural Office, Kita 1-jo Higashi 2-chome, Kutchan, Abuta-Gun,
Hokkaido 044-8588, °*Shiribetsu Field Research Center, National Salmon Resources Center, Fisheries Research
Agency, Mikasa 58, Rankoshi, Hokkaido 048-0600, ‘Oshima Field Research Center, National Salmon Resources
Center, Fisheries Research Agency, Sakaemachi 94-2, Yakumo, Hokkaido 049-3117, *Present address: Fisheries
Management Division, Department of Fisheries and Forestry, Hokkaido Government, Kita 3-jo Nishi 6-chome, Chuo-
ku, Sapporo, Hokkaido 060-8588, "Present address: National Salmon Resources Center, Fisheries Research Agency,
Nakanoshima 2-jo 2-chome, Toyohira-ku, Sapporo, Hokkaido 062-0922, Japan

Abstract The migration timings and numbers of masu salmon Oncorhynchus masou were surveyed in the mainstem and a
tributary (Mena River) of Shiribetsu River, in southwestern Hokkaido in 2007. A trap was operated in a fishway at the dam
(26 km from the river mouth) for the Rankoshi hydropower station, and only 12 adult masu salmon were captured during the
period from 31 July through 14 September. A weir was installed to capture masu salmon in the Mena River, and 1,060 masu
salmon was captured from 4 to 21 September. This study indicates that adult masu salmon in the lower Shiribetsu River spend

spring and summer in deep pools in the mainstem and migrate to the tributaries shortly before the spawning season.

Key words : ¥7 <X, vFv 7/, XA, L

PESNEIR 92 5 27 Z < R Oncorhynchus masou 0] ~5 ), dLHTIETEN (6~7H) HRH2D &S
JIA 13— T E R RIS A £ > T AR o £ 5 (Kato, 1991). JLARIZRBITFZH 7 T~ ADHl
iZhzn, Zo¥ ERIIT RO TIidE < (4 BRIz OWTIER (1964) 1Z, TRWEZATIE3

* E-mail: miyakoshiy@fishexp.pref.hokkaido.jp. Tel: 0123-32-2135. Fax: 0123-34-7233
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1923 A5 1951 FEITPNIT T, EERELO 72D AFRIZ
6 FEDFEBEMTUKELE (25 3.5~ 8 m) 2SR S 1,
FUANARGRIZZ N B OIERIZ X v o Shve (Fig. 1.
1993 4ELL 2000 4EF TIZ 2 B O3 FH UK HELR 2
IEAGEANENE S, FUIAT O B R iR O3
BIPITIZIRE & 2R o oo ARRFZETIE, FBIIARFICHE
B SNIRBHBUKIELRED 55, & NRANCALE S5
PR FE BT BOUKIEEE (T2 5 26 km OHiS) TH
I o< AP AERELL (Fig 1. ZHEOHSBII
(225 14 km OHUEA TR & &) TIXFEREA
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Sea of Japanj\ . .

Shiribetsu River
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Sea of Japan
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hydropower station
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Fig. 1 Location of Shiribetsu River in Hokkaido, northern Japan (top left panel). The squares indicate the dams for
hydropower stations (top right panel). The square in the lower panel indicates the fish trapping site at the dam for
Rankoshi hydropower station and the shaded area indicates the reach where discharge is reduced by the water intake
for the hydropower station. The circle indicates the trapping site in the Mena River, and the arrow indicates the site

where the water level of the mainstem was recorded.
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HAWS ) - ETHIFEMR ST 7 T~ APzl
HELTEY, [HipaToHBOMERDT — 4 %157,
RFETORER DT — % LItk Lz (Fig. 2).
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Fig. 2 Number of masu salmon captured in the mainstem (upper panel) and in the
Mena River (middle panel). The water levels of the mainstem (at a site 5.6 km down-
stream from the trapping site; arrow in Fig. 1) were shown in the lower panel.
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Bix, 7 I~RG 114 B, T A< A Salvelinus
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Y7 7' A $4 Tribolodon spp. 44 & T > Tz (Table 1),

FE2258) 14 km O TR E AT 2 HA
TiE, AL OATMAP S EFA 300 m DMy IR
Nz 2 61ED (75 1) Z&EL, 8 HhmL
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HANITIX 9 HIZA > TELRE, BERNIT X 2 K07 LA
WCELESTH I I AN ETHEMBHRLI,
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Table 1 Number of fish captured by the trap installed in the fishway of the Rankoshi Dam of the Shiribetsu

River, in 2007
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Turnover time of carbon and nitrogen stable isotope ratios in the masu salmon fly

Kazutaka SHIMODA

Hokkaido Fish Hatchery, Kitakashiwagi 3-373, Eniwa, Hokkaido 061-1433, Japan

Abstract To estimate the turnover time in carbon and nitrogen stable isotope ratios, masu salmon (Oncorhynchus masou)

fly with -17.1%0 6 "“C and 15.3%0 J "N was given food with -32.8%0 ¢ "C and 3.5%0 ¢ "N. Subsequently, 20 to 30 days

later, isotope ratios in the masu salmon muscle indicated a significant difference between the initial values. The turnover rate

of stable isotope ratios in the masu salmon muscle was -0.0713 %o day™ in 6 “C and -0.0330%0 day™ in & “N. These results

suggest that the turnover time of the masu salmon muscle is 199 days in 0 °C and 267 days in 6 "N respectively.

Key words : ¥ T~ ZHifa, LEFNMKL, X—1F—N—%A L

B D e RN AR HIFZ DR AR B L B
<HIBTHZ enmmbi (FEIl, 1997), HA 725387
THREPIRREE L L TRARFIH SN TnD (LHH S,
2002) . ZRERM AN I, fEEMEHAEEMTO
BIE N LE D EE MR IR ECe, O LE RINLR LA £
H OB OEIZ S SN D DICHET B (7 —>
F—=N—=F A1) REOKEBMMAPEETHY, Z
NOPRERRIZ L o> THRZR 5 Z Lo, Hlffehkt 14 X
IZE-THET D Z LB TS (R, 1997),
AFUTB O TS ZEFRMFEITIIEEROHEE 2 £ 1T
HHINTWB 2 (Fl 21X, Takai and Sakamoto
1999; Maruyama et al., 2001), JRiEfREeZ —2 34—
N—=H A BBALPICSN TS fafEd < (IR,
1997), S kARARRIZOVWTHROER ZED D
BERH D, KAWL TIXY 7 T~ A Oncorhynchus
masou MEFLDOFHRIT DO W TEIBBREL F Tk - BHEL
EFRN LD & — > F—N— 2 KB HIE LT,

HEERAITIE 2001 4E 6 H 28 HITAbHEE T H A A
W SIRBNITRIB LY 7 < XOH: A 100 84

(PR = RS, 43+0.19cm; PR + ik
F7%, 0.72+0.11g) 2k, TNHDOH I F< A%
R 60L O T 7V VkEIZ A, fkLE LTHIARI
HFENAKRZ TR ICHEAT 2 IEMORINT
2001 -6 H 28 H»H 7 H 26 HITREL IeA A=Y
Jaxt (Jesogammarus jesoensis) % Wlg¥#eL T
HFH 1R 5L ThHX T, AOERT UMK,
1998) 1ZHEvy, FBEHATEIANENR I/ 0 AR AHERKY 5 Jr#%
WL THOETORRE~NEINTHSIRELE LT,
FE AT IINA O PN OF K kiR 10°C)
ZAERE 60L ik LTc, fBKICY 27 T~ A0 L2
BHDOREALBNESICAR V7 4 02— (PI
T4 NE—, Tetrafl) THBLR, 7H2 B2 bfH
BEBREHBG L, SERMKBAE, SERLG 10 HE,
20 HEEB X V30 HRIZZ NI 5 Mk O BEak £ 7% fiE
YEZ Tt L, 2B OfA% Folch et al. (1957)
DFERPESTRAEZ ) — Nk 7 aaiibOREBRIKR
THifE L7z, Wile#13iEM (GF/F, Whatman t1) T
WEREL, R 7 MATREL, FrictidsE
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Dunnett DX7 Z & O t BEIT XV FWE AR O &
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B LG L RLTOV 7 T < ADKE - BHR%
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B E TIXFE AR S & 2RI BN o T2,
FE BN 20 H BITIXE R Ligw, fEBRRG 30 HHEIC
IR O & v AT Ze o Tz (Fig. 1a).
3 S 42 SE IRV AR LU MR i 1) % 7% U Te il B BRAG 10 H
BB 30 HEZIZHITTo 20 HRNTR T 2 L e
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FZE R AR LI ERRE 20 BRI L, 5k
Bl O L ORICHEZAEZ R L. (Fig. 1b). 2%
B[R L 2ME R 7] 2 8 U 7 BB BHEG 10 B A
5 30 HERIZTF T o 20 HIEZR T % L E M
LD ZEAL#1F-0.0330%0 day”' TH o 7z,

D OREEIE, AMROEE SR TIZRW T,
fIRL D RS - EBHELE RN 7 T~ 2O/
WO SN2 DIT 20~30 HRJEZE L= Z &
ERLTNW5S, £, B2 7= AHEFADBRAOLEN
PLARIRARARECOSRRERAN (RFE 1.5%0, %255 3%0; I,
1997) IZHES LIRET D &, V7 T~ AHADOHH N
Tl D &2 72 [V s b 2SR A 4 D il 12 1 X Hado B 0 T B
LZHE (@) X, V7T~ R LR ORERNARLD
7% (6, RERMEREGRE (6°) BLCLERM
WAL (r, RFBEFAALE, -0.0713%0 day’; 3%
[RIfifA L, -0.0330%0 day') FHWT, FRITE VR
FEFMAILT 199 H, @EHRLEFMAELT267 HE
RATES,

1

d=(6'-69/r
el L, RERMNKLDZ — v F—"—& 1 AT,
B A AR EIC > THERRY BIKE, 1997), £

TH

-16.0
. p<0.001
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Fig. 1 Changes in the carbon (a) and nitrogen

(b) stable isotope ratios of masu salmon fly mus-
cle (mean®SE, #»=5) and results of Dunnett's test.
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Feed conversion efficiency in floating goby Gymnogobius sp. 2
fed aquatic invertebrates

Kazutaka SHIMODA

Hokkaido Fish Hatchery, Kitakashiwagi 3-373, Eniwa, Hokkaodo 061-1433, Japan

Abstract The dietary value of aquatic invertebrates for floating goby Gymmnogobius sp. 2 was assessed by a feeding experi-

ment. The feed conversion efficiencies of Diptera larva, Ephemeroptera larva, Trichoptera larva, Gammaridea and

Oligochaeta were 13.3%, 30.9%, 44.7%, 29.0% and 26.3% respectively. These results were compared with the previous re-

sults of the masu salmon Oncorhynchus masou. The feed conversion efficiencies of Diptera larva, Gammaridea and

Oligochaeta were found to differ between fish species.

Key words : fEEIZIE, v <=vxaV, KEMTHEY
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PR T 2 FE L LTAMEE X D, AL TIZAL
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Gymnogobius sp.2 ZRRIT, 5O KEMTFHEEY) %
52 128 OfERE 2 BB TN, RO
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Bl SRR I IR AL vl H AU PR Iz B s
BT 2001 4F 5 7 30 HIZERSE LIy ~o X3 Y 60 il

e (&K 3.9-4.6cm, A 0.403-0.655g) ZHW, i
b2 1LSL oK 1 AkT > ATz, 60 D7k
% 10 972 6 RAERIX I T, 095 5 M RIXIZ
FENENRR DME 2R Uiz, 55 1 R,
S ARG TOMEBRDFLNE T D a2 11
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) % #} Chironomidae), # ~° & v H Ephemeroptera %
® (v Z %475 a7 FEl Heptageniidae), ~ Y77 Z H
Trichoptera $JH, I = ¥ ${ Gammaridea 3 X Uk
2 X X Oligochaeta @ 5 43 JHRE O M F HEF) ) %2 F
Too THE OMBEMHEBYIIEICRIT S~ T7xdY
DOREMNBZERETHS (THD, 2005, TD9
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TROW)ITEH U T 2 Tz, 7R 121375 R
3L OfFHEKREZDRK Uz, FEAKICITR)IAZ W
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HE LT, MENXFERE 2 BEABTo . 1 [HD
OEEIIARED 5% 5 10%E L, EERETH
L7, D 24 BEISINICEB R SN o o
IR LR EZIE L, (GAHT 48 R E & L,
FIRBAMG 14 H B ICRZOKRE Z21To 7. 15 HEICE
A2 EIL L, 16 HHZEHGETE L THILENE %
e, 17 HHIZHRAOKELZWE Lz, FX
(1) ZHWTEREE (B) 2Rk,

E(%) =100 (BW-BW, * @)/ (FW\-FWy) + =+ - (1
a'= BW)IBW, +++++ ()

T T T, BWIXFEBRBMAR O fAETE, Bw, IXEBRE
THROMMEE, Fw TRGIE, I iREIETH
Do BB o XIERERITRB I A HRERSERT, X Q)
IZ & o TG X ORI R D T o OF1HE 0.945
(n=10, SD=0.013) =MWk, =L, BW IZ#GEH
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Fig. 1 Mean body weight (wet mass) with SD of float-
ing goby fed aquatic invertebrates. M: Initial value, [J:
After 17-day feeding. Food taxa: Ga, Gammaridea (n=9);
Ch, Chironomidae larva (n=8); Ep, Ephemeroptera larva
(n=9); Tr, Trichoptera larva (n=9); Ol, Oligochaeta (n
=10).
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>0.05) o

BRI HIT O W T A B & [ D i THIE L et~
T2 AR (FHS, 2004) LKL EZ A,
NES T HHRX B X O 7 a7 HE) lX o ik sh %
RO T IZFE U2 R_ L ey (7 F< A
S ORPEIA)E, FEME £ EEHERE N T HYH
X, 35.0%£7.72%, n=10; W7 w7 HEHEX, 276%
3.61%, n=10, ¥*~v¥dV Loilg, (#E, ~E
S HEHIX, 1=1.604, p=0.127 ; B 7 a7 HEHRX,
t=1.550, p=0.139), ¥ 7 T < R ORI RN
WEGHRTE L (F7 S~ AGAOMRME, SEil
+ RS © 23.8£6.15%, n=10, <= FdY LD
Fbidg, BB, 1=3.540, p=0.003), HITI 2T EHH
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Fig. 2 Feed weight of dry mass (A) and feed con-
version efficiency (B) of floating goby fed aquatic
invertebrates. Vertical bars indicate SD. Food taxa:
Ga, Gammaridea (7#=9); Ch, Chironomidae larva (n
=8); Ep, Ephemeroptera larva (n=9); Tr, Trichoptera
larva(n=9); Ol, Oligochaeta (n=10). Different let-
ters represent significant differences among groups
(Tukey’s HSD test, p<0.05).
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