
Introduction

Dietarylipidsplayanimportantroleinprovid-
ingenergyincarnivorousfish,likesalmonids,due
totheirlimitedabilitytoutilizecarbohydratesasan
energysource(Watanabe1982;WeatherlyandGill
1987;NovotonyandBeeman1990;Higgsetal.
1995;Bergetal.1998).Althoughalargenumberof
lipidstudieshavefocusedonculturedfishandartifi-
cialfood(Wilson1991),fewstudieshavedeter-
minedlipidcontentofhigh-seascaughtsalmon
(Nomuraetal.2000,2001,2002,2004).Examina-

tionoftriacylglycerolandproteincontent,andnu-
cleicacidratioshavebeenusedtocharacterize
Pacificsalmongrowth(Azumaetal.1998).
Winter and spring collections of high-seas

caughtchum andpinksalmonwherecharacterized
bylowneutrallipidlevelsandhighproportionsof
docosahexaenoicacid(DHA),whichdemonstrated
thesefishwerestarving(Nomuraetal.2000,2001).
Asfishstarve,theydepletetheirreservesof18:1

and16:0fattyacidsmorethanDHA(Kiesslingand
Kiessling1993),therefore,theproportionofDHA
increaseswithcontinuedstarvation(Nomuraetal.
2000).Lipidcontentdeterminationsofsalmondur-
ingtheirhigh-seasmigrationsisanestimateoftheir
energystorageconditionandgrowthpotential(No-
muraetal.2000,2001).Ithasgenerallybeenas-
sumedthatsalmonidsconsumepreyheavilyduring
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summerandfalland,therefore,lipidcontentwould
behigherduringtheseperiodsthanduringwinter
andspring.Thisstudyupdatesanearlierreport(No-
muraetal.2004)bysummarizingtheage-specific
lipidcontentsofhigh-seascaughtchum salmonona
largerspatialandtemporalscale.

MaterialsandMethods

Chum salmonwerecaughtbysurfacetrawldur-
ingthesummer(June-July)andfall(September)
2002-2004cruisesoftheR/VKaiyo-maruinthe

Bering Sea and North Pacific Ocean in 2002
through2004(Fig.1;Tables1-5).Forklength(FL,
cm)andbodyweight(BW,g)ofsomechum salmon
weremeasuredduringthesurvey.Aftermeasuring,
thesefishwerefrozenasroundsamplesat-30°C.
Otherroundsamplesofchum salmonwerefrozen
(-30°C)priortomeasurement.Inthiscase,fork
lengthandbodyweightweremeasuredatthelabora-
toryafterthawing.Scaleswerecollectedforagede-
terminationandafilletwascarefullyremovedfrom 
thefish.Thewhitemusclewasremovedfrom thefil-
letandhomogenizedinafoodprocessor.Anap-
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Fig.1.Stationlocationswhereimmaturechum salmonwerecaughtduringthesummerandfallcruiseoftheR/VKaiyo-maru,
2002-2004.
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Table1.Samplinglocation,date,andageofchum salmonanalyzedforlipidcontentfrom caughtintheBeringSeaduringsum-
mer(June-July),2002.

Numberoffish
DateLongitudeLatitudeStation Oceanage

Total4321
91161June29179/58'W52/31'N1
3000030June30179/59'W53/30'N2
10010July2179/43'E58/28'N3
52300July2179/46'E57/29'N4
2309113July4174/44'E55/58'N5
1902143July4174/43'E54/59'N6
81007July9175/17'W52/59'N7
3306261July9174/59'W54/09'N8
101171July13170/27'W55/00'N9
80242July13170/24'W54/06'N10
1465246948Total

Table2.Samplinglocation,date,andageofchum salmonanalyzedforlipidcontentfrom caughtintheBeringSeaduringfall
(September),2002.

Numberoffish
DateLongitudeLatitudeStation Oceanage

Total4321
5005369Sept.3172/21'W53/51'N1
4701145Sept.8180/00'58/30'N2
41011822Sept.10180/00'55/20'N3
1400311Sept.11179/42'E53/33'N4
190289Sept.12179/43'E52/28'N5
2134140Sept.12179/46'W51/41'N6
59053618Sept.15175/02'W54/59'N7
3000030Sept.16175/00'E56/10'N8
1900019Sept.16177/25'E56/27'N9
2300617Sept.18172/30'E54/10'N10
323318122180Total

Table3.Samplinglocation,date,andageofchum salmonanalyzedforlipidcontentfrom caughtintheBeringSeaandNorth
PacificOceanduringsummer(June-July),2003.

Numberoffish
DateLongitudeLatitudeStation Oceanage

Total4321
60222June30174/59'E53/50'N1
1903115June30174/44'E53/05'N2
81700July2179/44'E58/24'N3
2406153July3179/42'E57/23'N4
27011214July4179/58'W 55/40'N5
1700107July5179/42'W53/25'N6
2802224July5179/44'E52/35'N7
220778July6179/44'W51/34'N8
50140July9174/59'W53/49'N9
90045July10175/00'W55/49'N10
100640July10175/09'W54/49'N11
90081July11175/20'W57/03'N12
70250July14169/56'W52/09'N13
1400410July15169/48'W50/50'N14
80044July15170/14'W49/52'N15
40013July16165/14'W50/03'N16
120273July17164/46'W51/55'N17
40130July17165/12'W 51/06'N18
23314010389Total



proximate10gsampleofthehomogenizedwhite
musclewascollected,weighed,andkeptfrozenat-
30/Cuntilfurtheranalysis.
Thefrozenwhitemusclehomogenatewasthwed

andasmallportionwasdriedfor24hoursat110/C
fordeterminationofmoisturecontent.Theremain-
ingsamplewashomogenizedwith60mlofmetha-
noland120mlofchloroform forlipidextraction
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Fig.2.Forklengthandbodyweightofimmaturechum salmoncaughtintheBeringSeaandNorthPacificOceaninsummer
(June-July)andfall(September)2002-2004stratifiedbyoceanage.Barheightisthemean,andlinelengthisonestandard
deviation.Solidbar,oceanage-.1;openbar,oceanage-.2;stippledbar,oceanage-.3;slantedlinebar,oceanage-.4.

Table4.Samplinglocation,date,andageofchum salmonanalyzedforlipidcontentfrom caughtintheBeringSeaandNorthPa-
cificOceanduringfall(September),2003.

Numberoffish
DateLongitudeLatitudeStation Oceanage

Total4321
5001247Sept.1165/05'W50/10'N1
2917714Sept.6174/44'W56/55'N2
2001118Sept.7175/00'W55/59'N3
2402202Sept.11179/56'W51/23'N4
2603149Sept.12179/49'W52/30'N5
3000426Sept.12179/43'W53/28'N6
2002414Sept.13179/59'W54/31'N7
50011039Sept.14179/49'W56/34'N8
50001139Sept.16174/59'E56/01'N9
29911783198Total

Table5.Samplinglocation,date,andageofchum salmonanalyzedforlipidcontentfrom caughtintheBeringSeaduringsum-
mer(June-July),2004.

Numberoffish
DateLongitudeLatitudeStation Oceanage

Total4321
2000191June29175/12'W57/08'N1
91710June30175/00'W55/11'N2
2102136July1175/02'W54/10'N3
30012July1175/00'W53/11'N4
49011038July2175/06'W51/40'N5
135530July4179/51'E52/38'N6
51021930July4179/49'W53/22'N7
3406280July6179/52'W56/21'N8
1603130July6179/53'W57/20'N9
50031631July7175/14'E55/05'N10
1503210July8175/16'E52/58'N11
281632125118Total



(Folchetal.1957).Thehomogenatewasfiltered
throughlipid-freepaperintoaglassvessel,andthe
crudeextractwasmixedinaseparatorfunnelwith
chloroform,methanol,andwaterinthevolumetric
proportions8:4:3.Thelowerphasewascollected
and the solvent was evaporated with a rotary
evaporator. The extracted lipid was measured
gravimetrically.

Results

Atotalof660chum salmonmusclesamples
wereanalyzedfrom immaturefishcaughtduringthe

summerand622sampleswereanalyzedfrom imma-
turefishcaughtduringthefall.Averageoffork
length(FL),bodyweight(BW)andconditionfactor
(BW/FL3X1,000)ofimmaturechum salmonused
forthisstudywasshowninFig.2andTables6-9.
AverageTLcontentinthewhitemuscleofim-

matureoceanage-.1chum salmoncaughtduring
summer(June-July)was1.8% (n=48),2.1% (n=89),
and2.4% (n=118)in2002,2003,and2004,respec-
tively(Table6,Fig.3).AverageTLcontentinthe
whitemuscleofimmatureoceanage-.1chum 
salmonincreasedduringfall(September)was7.3% 
(n=180)and5.2% (n=198)in2002and2003,
respectively.
AverageTLcontentinthewhitemuscleof

oceanage-.2chum salmoncaughtinsummer(June-
July)was5.1% (n=69),4.4% (n=103),and4.2% 
(n=125)in2002,2003,and2004,respectively(Ta-
ble7,Fig.3).TheTLinoceanage-.2chum salmon
increasedto11.7% (n=122)and8.5% (n=83)infall
2002and2003.IncreasesinaverageTLobservedin
eachagegroupduringfallwassignificantlyhigher
thanthevalueobservedinfishofthesameagecol-
lectedduringsummer(T-test;P<0.001age.-1fish
df=633;P<0.001age.-2fishdf=502;P<0.001age-
.3fishdf=131;andP=0.018age.-4df=16;Figs.4-
6).Incontrast,nosignificantdifferencesinTLcon-
tentoffemaleamdmalefishwereobservedamong
agegroups(T-test,p>0.05),orbetweenTLcontent
andconditionfactorinoceanage-.1and-.2fish
(ANOVA,P>0.05;Tables6-9,Figs.7-8).
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Fig.3.Totallipidcontentinwhitemuscleofimmature
chum salmoncaughtintheBeringSeaandNorthPacific
Oceaninsummer(June-July)andfall(September)2002-
2004byoceanage.Barheightisthemean,andlinelengthis
onestandarddeviation.Solidbar,oceanage-.1;openbar,
oceanage-.2;stippledbar,oceanage-.3;slantedlinebar,
oceanage-.4.

Table6.Mean(standarddeviation)offorklength(FL),bodyweight(BW),totallipid(TL)content,andmoistureinthewhite
muscleofoceanage-.1immaturechum salmoncaughtintheBeringSeaandNorthPacificOceanduringsummerandfall,2002-
2004.F,female;M,male.

MoistureTLBWFLNo.ofSexYear
(%)(%)(g)(mm)fishSeason

2002
(0.7)77.8(0.6)1.8(79.7)420.5(23.1)337.021FSummer
(0.9)78.1(0.9)1.8(114.4)420.5(28.7)338.927M
(0.8)77.9(0.8)1.8(99.7)420.5(26.1)338.148Total
(2.6)72.9(2.7)7.5(129.7)486.0(26.6)342.092FFall
(2.4)73.5(2.7)7.1(121.9)479.8(26.3)340.488M
(2.6)73.2(2.7)7.3(125.6)483.0(26.4)341.2180Total

2003
(1.6)76.9(1.8)2.2(97.6)448.4(22.8)338.542FSummer
(1.3)77.3(1.4)2.0(87.2)458.7(21.2)339.147M
(1.5)77.1(1.6)2.1(91.9)453.8(21.9)338.889Total
(2.2)74.3(2.5)5.1(103.6)530.0(21.1)353.792FFall
(2.0)74.3(2.3)5.2(106.8)559.6(24.1)358.9106M
(2.1)74.3(2.4)5.2(106.1)545.8(22.9)356.5198Total

2004
(0.8)77.5(0.9)2.3(86.2)451.9(20.2)337.558FSummer
(0.9)77.7(1.0)2.5(79.1)479.4(18.9)344.160M
(0.9)77.6(0.9)2.4(83.4)465.9(19.8)340.9118Total



ComparisonofmoistureandTLcontentshowed
asignificantinversecorrelation(r2=0.94;Fig.9).
Dataindicatedtotaloflipidandmoisturecontentin
whitemuscleaccountedforapproximately80% of
thewhitemuscle.

Discussion

OurresultsclearlydemonstratedthatTLcontent
ofchum salmonincreasedfrom summertofallfor
immatureoceanage-.1to-.4caughtintheBering
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Fig.4.Relationshipbetweenbodyweightandtotallipidcontentinthemuscleofoceanage-.1andage-.2immaturechum 
salmoncaughtintheBeringSeaandNorthPacificOceaninJune-July（solidcircles）2002-2004andSeptember(opencircles)
2002-2003.



SeaandNorthPacificOcean.Young(oceanage-.1)
chum salmonhadlowerlipidlevelsthanoldersal-
mon,butthestarvedconditionobservedinwinter
andspring(winterTL=1.1% andspringTL=1.4% in
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Table7.Mean(standarddeviation)offorklength(FL),bodyweight(BW),totallipid(TL)content,andmoistureinthewhite
muscleofoceanage-.2immaturechum salmoncaughtintheBeringSeaandNorthPacificOceanduringsummerandfall,2002-
2004.F,female;M,male.

MoistureTLBWFLNo.of
Sex

Year
(%)(%)(g)(mm)fishSeason

2002
(2.5)74.8(2.7)5.4(198.1)1035.7(25.3)438.731FSummer
(2.5)75.6(2.6)4.7(245.0)1073.0(29.8)443.738M
(2.5)75.2(2.6)5.1(224.4)1056.2(27.8)441.469Total
(3.0)68.9(3.1)11.7(212.6)1071.4(30.8)439.968FFall
(3.1)69.0(3.5)11.8(220.7)1057.4(32.7)440.254M
(3.0)68.9(3.3)11.7(215.4)1065.2(31.3)440.1122Total

2003
(2.4)75.0(2.5)4.2(222.0)998.6(31.9)434.256FSummer
(2.9)74.5(3.0)4.7(229.6)1028.6(27.1)437.547M
(2.6)74.8(2.7)4.4(224.9)1012.3(29.7)435.7103Total
(3.7)70.9(4.2)9.3(235.0)1017.9(38.5)438.147FFall
(3.0)72.3(3.1)7.5(239.7)1076.3(34.7)453.336M
(3.5)71.5(3.9)8.5(237.4)1043.2(37.4)444.783Total

2004
(1.8)75.9(1.9)4.3(266.1)958.0(32.4)428.961FSummer
(1.9)76.2(2.2)4.2(214.5)1018.5(29.8)437.664M
(1.9)76.0(2.1)4.2(242.0)989.0(31.3)433.4125Total

Fig.6.Relationshipbetweenbodyweightandtotallipidcon-
tentinthemuscleofoceanage-.4immaturechum salmon
caughtintheBeringSeaandNorthPacificOceaninJune-
JulyandSeptember2002-2004.Solidcircle,summer2002;
opencircle,fall2002;solidsquare,summer2003;open
square,fall2003;solidtriangle,summer2004.

Fig.5.Relationshipbetweenbodyweightandtotallipidcon-
tentinthemuscleofoceanage-.3immaturechum salmon
caughtintheBeringSeaandNorthPacificOceaninJune-
JulyandSeptember2002-2004.Solidcircle,summer2002;
opencircle,fall2002;solidsquare,summer2003;open
square,fall2003;solidtriangle,summer2004.

Fig.7.Relationshipbetweenconditionfactorandtotallipid
contentinthemuscleofoceanage-.1immaturechum 
salmoncaughtintheBeringSeaandNorthPacificOceanin
June-July2002(solidcircle),2003(solidsquare)and2004
(solidtriangle).



femaleand1.2% inmalechum salmon;Nomuraet
al.2000,2001)doesnotoccurinthisage-groupdur-
ingsummerandfall.Asdemonstratedbyprevious
studies(Nomuraetal.2000,2001,2002,2004)and
reinforcedbythisstudy,theeffectofsalmonage
mustbeconsideredwhenexamininglipidlevelsin
samplescollectedinoffshorewaters.
Duringtheiroceanmigrations,salmonuseen-

ergyformovement,metabolism,andgrowth(Higgs
etal.1995;Crossinetal.2003).Lowerlipidcontent

inyoungchum salmonascomparedtooldfishindi-
cateseitherinadequateintakeofdietarylipid,utiliza-
tionoftheirlipidforgrowth,oracombinationof
theseconditions.Azumaetal.(1998)concludedthat
immediatelypriortowinter,chum salmonslowtheir
growthratetomaintainenergyreserves.Wehy-
pothesizethatduringthesummerexpenditureofen-
ergyforgrowthinoceanage.1chum salmontakes
priorityoverlipidstorage.Duringfallthereverseoc-
curs,andlipidstorageoccursattheexpenseof
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Table8.Mean(standarddeviation)offorklength(FL),bodyweight(BW),totallipid(TL)content,andmoistureinthewhite
muscleofoceanage-.3immaturechum salmoncaughtintheBeringSeaandNorthPacificOceanduringsummerandfall,2002-
2004.F,female;M,male.

MoistureTLBWFLNo.of
Sex

Year
(%)(%)(g)(mm)fishSeason

2002
(2.8)73.9(2.6)6.4(373.2)1594.3(39.0)510.113FSummer
(3.0)72.8(3.3)7.6(445.8)1703.1(38.6)515.211M
(2.9)73.4(2.9)6.9(402.7)1644.2(38.0)510.624Total
(2.2)68.2(2.9)12.2(468.2)1777.5(44.0)520.510FFall
(5.3)68.7(5.3)11.2(594.3)1563.5(50.6)505.58Male
(3.8)68.4(4.0)11.7(522.9)1682.4(46.3)513.818Total

2003
(3.1)71.9(3.5)8.0(407.8)1541.6(46.9)493.420FSummer
(2.8)72.3(3.3)7.3(344.8)1744.0(34.9)513.420M
(2.9)72.1(3.4)7.7(386.6)1642.8(41.4)503.440Total
(3.1)69.5(3.7)10.8(341.2)1610.9(34.1)511.412FFall
(3.4)71.3(3.9)9.0(375.0)1305.2(50.7)474.25M
(3.2)70.0(3.8)10.3(368.6)1521.0(41.8)500.517Total

2004
(2.3)73.8(2.6)6.5(379.8)1614.4(37.6)508.018FSummer
(3.5)73.8(3.4)6.3(297.3)1679.6(28.1)513.714M
(2.8)73.8(2.9)6.4(342.4)1642.9(33.4)510.532Total

Table9.Mean(standarddeviation)offorklength(FL),bodyweight(BW),totallipid(TL)content,andmoistureinthewhite
muscleofoceanage-.4immaturechum salmoncaughtintheBeringSeaandNorthPacificOceanduringsummerandfall,2002-
2004.F,female;M,male.

MoistureTLBWFLNo.of
Sex

Year
(%)(%)(g)(mm)fishSeason

2002
(4.7)69.6(4.5)10.8(826.8)2505.7(48.1)573.33FSummer
(0.9)74.1(1.7)6.2(212.8)2210.5(15.6)567.02M
(4.2)71.4(4.1)9.0(615.9)2387.0(35.0)570.85Total
(2.0)66.1(2.1)15.0(483.5)2445.0(29.3)582.73FFall
(2.0)66.1(2.1)15.0(483.5)2445.0(29.3)582.73Total

2003
71.47.33056.0646.01MSummer
71.47.33056.0646.01Total
66.416.62191.0556.01MFall
66.416.62191.0556.01Total

2004
(1.8)73.0(1.3)6.2(900.8)2664.0(60.8)598.34FSummer
(0.6)74.4(1.2)4.3(822.4)2822.5(38.9)597.52M
(1.6)73.5(1.5)5.6(793.0)2716.8(50.2)598.06Total



growth,whichpromotessurvivalofthefishthrough
thewinter.Ifthishypothesisistrue,thengrowthto
avoidsize-selectivepredation(Ricker1964,1976;
WeatherlyandGill1995)maynotoccurthroughout
theyear,particularlyinthefallwhenconsumption
ratesmaybehigh.Foodavailabilityandhighprey
consumptionratesinthelatesummerandfallmay
becriticalforattainingsufficientlipidstrageforsal-
mon,particularlyyoungfish,tosurvivewinter.
Thecloseinverserelationshipbetweenlipidand

moisturecontentenablesaccuratelyestimationof
lipidlevelsfrom moistureinsalmonmuscletissue
(CrossinandHinch2005).Moisturedetermination
requireslesstime,lowercost,andcanimproveesti-
matesofsalmonconditionbypermittingagreater
numberofsamplestobeexamined.
Werecommendcontinuedmonitoringofsea-

sonalandage-specificlipidcontentofchum salmon
duringtheiroceanmigrationasanindicatoroftheir
growthpotentialandbodycondition.
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2002年から2004年の夏期と秋期にベーリング海お
よび北太平洋で採集された未成熟サケの筋肉内総脂
質含量の季節変化

野村哲一・浦和茂彦・川名守彦・佐藤俊平・
東屋知範・福若雅章・日田和宏・中島　歩・

戸嶋忠良・NancyDavis

　本報告は2002年から2004年の夏期（6月-7月）と秋
期（9月）にベーリング海および北太平洋で採集され
た未成熟サケの筋肉内総脂質含量と水分含量に関す
る報告である．合計1282尾の未成熟サケの筋肉から
クロロホルムとメタノールを用いて抽出し重量法に
より総脂質量を測定した．夏期に採取した海洋生活
1年の若齢魚では総脂質含量は秋期に採集された個
体より有意に低い値を示した．夏期に採取した海洋
生活1年の個体の筋肉内平均総脂質含量はそれぞれ
2002年で1.8％（供試尾数48尾），2003年で2.1%（供
試尾数89尾），2004年で2.4％（供試尾数58尾）であ
った．秋期に採取した海洋生活1年の個体の筋肉内
平均総脂質含量はそれぞれ2002年で7.3％（供試尾数
180尾），2003年で5.2%（供試尾数198尾）であった．
海洋生活１年魚の夏期に採集された個体の筋肉内総
脂質含量が低いことは，この時期が脂質貯蔵より成
長を優先する時期であることを示唆している．秋期
の高い総脂質含量はこの時期は冬期の生残率を向上
するため成長より脂質の蓄積を優先している時期を
示唆している．総脂質含量と水分含量には負の相関
があり，総脂質含量と水分含量の総和は体重の約
80%であった．
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