
1.Introduction

Salpathompsoniisthemostabundantsalp

speciesandmajorherbivorouszooplanktonto-

getherwithkrillsandcopepodsintheSouthern

Ocean（VORONINA,1998）.S.thompsoniis

knowntobedistributedatmiddlelatitude（45�
55°S）oftheSouthernOcean（FOXTON,1966）.

Recentreportshavesuggestedthatthedistri-

butionofS.thompsonihasbeenshiftingsouth-

ward（PAKHOMOVetal.,2002;ATKINSONetal.,

2004）.S.thompsonihashigh reproductive

（DAPONTEetal.,2001）andingestionabilities

（HUNTLEY et al., 1989; DUBISCHAR and

BATHMANN, 1997; PERISSINOTTO and

PAKHOMOV,1998）.Thisspeciesoccasionally

formsadenseswarm anddominatesmacro-

zooplanktoncommunities（e.g.,HOSIE,1994;

NISHIKAWA et al., 1995; DUBISCHAR and

BATHMANN,1997;CHIBA etal.,1998;HOSIEet

al.,2000）.Possiblenegativeeffectsofthesalp

swarmonreproductionandsurvivaloflarvae

ofEuphausiasuperbahavebeenemphasized

（HUNTLEYetal.,1989;LOEBetal.,1997）,thus

altering the Southern Ocean food web

（ATKINSONetal.,2004）;however,S.thompsoni

lifecyclestrategiesintheSouthernOceanstill

remainunknown.

LiketheotherThaliacea,salpshaveaunique

reproductivestrategy,thatis,ageneration

changehappensbetweensexuallyreproducing

aggregatesandasexuallyreproducingsolitar-

ies（GODEAUX etal.,1998）.Therefore,repro-

ductivestatesofbothaggregatesandsolitaries

needtobestudiedtounderstandsalps・genera-

tionmechanism（CHIBAetal.,1999）.CALDWELL

（1966） and FOXTON （1966） reported S.

thompsonialsodistributedinthedepthsdeeper

than200m.FOXTON（1966）foundsolitariesoc-

curredinthedeeperlayersandexplainedindi-

vidualsoccurringinthedeeperlayersmaybe

ofimportanceinthelifecycleofS.thomsponi

andinthemaintenanceoftheshallowerpopu-

lation. Furthermore, previous studies
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（FOXTON,1966;CASARETOandNEMOTO,1986）

havereportedthedifferentverticaldistribution

ofthematurity stage・scomposition ofS.

thompsoni.Itisthusnecessarytoclarifythe

verticaldistributionandpopulationstructure

inthemesopelagiczonetounderstandthelife

cyclestrategiesofS.thompsoni;however,there

islittleinformationonthelifecyclestrategies

below200m.

Therefore,weconductedstratifiedandquan-

titativesamplingstounderstandthedistribu-

tion and population structureofsalpsoff

AdelieLandintheSouthernOceanduringaus-

tralsummerof2003and2005.

2.Materialsandmethods

Samplings were conducted by TR/V

Umitaka-Maru（1886ton）ofTokyoUniversity

ofMarineScienceandTechnologyfrom4to7

Februaryin2003andfrom12to15Februaryin

2005along140°EoffAdelieLandintheSouth-

ernOcean（Fig.1）.Sampleswerecollectedus-

inganRMT8（RectangularMidwaterTrawl,

moutharea:8m2,meshopening:4.5mm,Ocean

ScientificInternationalLtd.,Bakeretal.,

1973）,whichwasobliquelytowedin3�6differ-

entstratabetweenthesurfaceand2886m（Ta-

ble1）.In2003,maximum samplingdepthsat

Stns.C14andC08were2886and2300m,

respectively.AtStns.C01andC00,deepest

depthssampledwere180and835m,respec-

tively.In2005,samplingswerebasicallycon-

ductedin6stratabetweenthesurfaceand2000

m（0�50�100�200mand200�500�1000�2000m）.

AtStns.C04,C01・andC00・wherebottom

depthsareshallowerthan1000m,maximum

samplingdepthswere950,200and194m,re-

spectively.Theship・sspeedduringthenettows

was1m s-1.Sampleswereimmediatelypre-

served onboard in buffered 5% formalin-

seawatersolution.Thefilteredvolumewas

calculatedfromthemouthareaofthenetand

flowmetercounts.Samplescollectedfrom200�
500matStn.C07and100�194matStn.C00・in

2005wereexcludedfrom theanalysisbecause

ofdefectivepreservations.

Inthelaboratory,subsamplesweretaken

anddividedinto1/2to1/8usingaMOTODA

planktonsplitter（MOTODA,1959）whentheini-

tialcatchwaslarge.Thezooplanktonweredi-

vided into the eleven taxa （Salpida,

Siphonophora,Medusae,Chaetognatha,Poly-

chaeta, Ostracoda, Copepoda, Amphipoda,

Euphausiacea,DecapodaandPteropoda）,and

wetweighttothenearest0.01gweredeter-

minedforeachtaxonusinganelectrobalance.

Theconversionfactorsfromwetweighttocar-

bonweightwasfromCAUFFOP�andHEYMANS
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Fig.1.SamplingandobservationstationsoffAdelieLandin2003and2005.



（2005）forSiphonophoraandDAVISandWIEBE

（1985）forothertaxaexceptforSalpida.Spe-

ciesandgenerationsofsalpswereidentified

and counted. For species identification,

CASARETO and NEMOTO（1987） considered

SalpathompsoniandS.gerlacheiweresyno-

nymstoeachother.Inthepresentstudy,we

thustreatedthesetwospeciesasS.thompsoni.

Abundanceofsalpswascalculatedfrom the

numberofindividualsandfilteredvolume.Car-

bonweightsofsalpswereestimatedusingwet

andcarbonweightrelationshipafterHUNTLEY

etal.（1989）forS.thompsoniandNISHIKAWAet

al.（1995）forIhlearacovitzai.Forbodylength

（BL:oral-atrialdistance）andmaturitystages

ofaggregatesandsolitariesofS.thompsoni,all

individualsintheinitialorsubsampleswere

examined.TheBLwasmeasuredtothenearest
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Table1.ListofsamplingdataduringTR/VUmitaka-marucruisesin2003and2005.

Station
Location

Date Localtime
Samplinglayer（m）

（S） （E）

C00 66゚25.6� 139゚47.0� 2003/2/4 05:02�06:42 0�200�500�835

C01 65゚55.8� 139゚55.7� 2003/2/4 14:55�15:28 0�50�100�180

C08 65゚25.3� 140゚02.2� 2003/2/5 13:41�15:34 0�500�1000�2300

C14
63゚54.6� 139゚52.0� 2003/2/7 13:19�15:13 500�1000�2000�2886

63゚48.0� 139゚50.4� 2003/2/7 16:49�17:32 0�77�193�474

C00・ 65゚54.3� 139゚57.1� 2005/2/12 05:37�07:37 0�50�100�194

C01・ 65゚51.5� 139゚59.0� 2005/2/12 00:36�02:11 0�50�100�200

C04
65゚35.2� 139゚55.6� 2005/2/12 19:55�22:13 200�500�800�950

65゚31.9� 139゚46.8� 2005/2/12 22:42�00:20 0�50�100�200

C07
65゚20.2� 139゚45.7� 2005/2/13 09:25�12:24 200�500�1000�2000

65゚24.7� 139゚35.1� 2005/2/13 12:47�14:27 0�50�100�200

C09
65゚03.1� 139゚58.5� 2005/2/13 23:21�02:26 200�500�1000�2000

65゚05.0� 139゚53.9� 2005/2/14 02:52�03:30 0�50�100�200

C12
64゚03.4� 139゚58.6� 2005/2/14 16:56�20:03 200�500�1000�2000

64゚06.0� 139゚57.8� 2005/2/14 20:16�22:12 0�50�100�200

C13
62゚56.7� 140゚03.9� 2005/2/15 05:05�08:19 200�500�1000�2000

62゚54.5� 140゚07.8� 2005/2/15 08:35�10:16 0�50�100�200

Table2.DescriptionofeachmaturitystageofSalpathompsoniaggregate.

Maturitystages Embryonicstate Placenta Musclebands Eleoblast Remark

0
1
2
3
4

spent
X

unfertilized
fertilized
developing
developing

fullydeveloped

released
emptyornoembryo

×
×
○
○
○

－
－

×
×
×
○
○

－
－

×
×
×
○
○

－
－

Smalleleoblast
Eleoblastaslargeasplacenta
andclearmusclebands
Onlyplacentalscar

Table3.DescriptionofeachmaturitystageofSalpathompsonisolitary.

Maturitystages Stolonstate Remark

1
2
3
4a
4b
5a

unsegmented
developing
developing

mature

Withshortstolon
Withsegmentedstolonandlongerthanstage1
Thefirststolonblocknotdifferentiated
Thefirststolonblockdifferentiated
Presenceofwell-developedthesecondblock
Thefirstblockreleasedandpresenceofthetestscar
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Fig.2.Verticalsectionsofpotentialtemperature（℃）along140°EoffAdelieLandin2003（a）and2005（b）.
ShadedareasindicatetheSouthernBoundaryoftheAntarcticCircumpolarCurrent.
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Fig.3.Verticalsectionsofchlorophyllaconcentration（μgL-1）along140°EoffAdelieLandin2003（a）and2005
（b）.
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Fig.4.Verticaldistributionsofaveragecarbonbiomass（top）andrelativebiomassofmajormacrozooplankton
taxa（middle:alltaxa,bottom:withoutEuphausiacea）offAdelieLandin2003（a）and2005（b）.



1mmusingacaliper.Itisknownthatformalin

shrinkstheBL ofsalps（NISHIKAWA and

TERAZAKI,1996）.REINKE（1987）reportedthat

theBLofS.thompsoniaggregatesshrankup

to14.9%oftheirlivelengthfor15monthsafter

preservation, but NISHIKAWA and

TERAZAKI（1996）found,forothersalpspecies

（Thaliademocratica）,thattheBLbecameal-

mostconstantinaboutfivemonthsofpreser-

vation.BecauseourBL measurementswere

doneaftereightmonthsofpreservation,con-

sideringtheBLhadbeenalreadyconstant,the

BLsin2003and2005werecomparable.Inthe

presentstudy,wethusdidnotcorrecttheBL

shrinkagetocomparewithpreviousstudies

whichhavenotcorrectedtheBL.Maturity

stagesofS.thompsoniaggregates（Table2）

weredeterminedaccordingtothemorphologi-

calcharacteristicsoftheembryoinsideanag-

gregatebodyfollowingFOXTON（1966）.Inthe

presentstudy,weobservedindividualswith

emptyandnoembryos,andclassifiedthem

intostageXfollowingCHIBAetal.（1999）.Al-

thoughmaturitystagesofthesolitaries（Table

3）weredeterminedaccordingtothemorphol-

ogyofthestolonfollowingFOXTON（1966）who

classifiednewbornsolitariesintostage0,in

thepresentstudy,wecombinedstages0and1,

anddefinedthemasstage1becausetheclassifi-

cationbetweenstages0and1wasdifficultdue

to damage.Stages 4 and spent of the

aggregatesandoverstage4aofthesolitaries

were defined as mature stages following

CASARETOandNEMOTO（1986）,respectively.

Verticalprofileastowatertemperatureat

eachstationwasobtainedbyaCTD（SBE911,

Sea-BirdElectronics）,exceptforStn.C01・in

2005whereCTD observation wasnotcon-

ducted.Alternatively,CTDdatafromanother

profiler（ICTD,FalmouthScientificInc.）was

usedforanalysisofStn.C01・in2005.TheCTD

observationatStn.C13in2005wasconducted

inonlyupper200mduetoCTDtrouble.Thelo-

cationoftheSouthernBoundaryoftheAnt-

arcticCircumpolarCurrent（SB-ACC）was

estimatedfrompotentialtemperature（θ）fol-

lowingSOKOLOVandRINTOUL（2002）.Seawater

forchlorophyllaconcentration（Chla）analy-

siswassampledbyNiskinbottlesateachsta-

tionfrom7to24layersbetweenthesurfaceto

200m;200mLofthewatersamplewasfiltered

throughaWhatmanGF/Ffilter;thefilterwas

thensoakedin6mLN,N-Dimethylformamide

toextractchlorophyllapigment（SUZUKIand

ISHIMARU,1990）.Chlawasthendeterminedby

fluorometricmethod（STRICKLAND andPAR-

SONS,1972）usingafluorometer（TurnerDe-

sign10R）.

3.Results

3-1.Environmentalconditions

Whileverticalprofileofwatertemperature
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Fig.5.HorizontaldistributionsofsalpsoffAdelieLandin2003（a）and2005（b）.SB:thelocationoftheSouth-
ernBoundaryoftheAntarcticCircumpolarCurrent.OpenandsolidcirclesareforSalpathompsoniand
Ihlearacovitzai,respectively.



in2003showedarelativelywarm watermass

（�1.0℃）inthenorthof65°S（Fig.2a）,such

warmwaterbycontrastwasextendingtothe

southof65°Sin2005（Fig.2b）.TheSB-ACC

definedbythesouthernlimitofθmaxwarmer

than1.5℃（SOKOLOVandRINTOUL,2002）was

locatedbetween64°20�and64°40�Sin2003,and

between64°and64°50�Sin2005（Figs.2a,b）.

In2003,Chlagenerallywasincreasingtoward

thesouth（Fig.3a）.MeanChlaintheupper

200mrangedbetween0.13and1.75μgL-1.In

2005,meanChlaintheupper200mwaslower

（0.14�0.67μgL
-1;Fig.3b）thanin2003.

3-2.Carbonbiomassofmacrozooplankton

Themacrozooplankton biomassesin 2003

werehigherin0�500m and500�1000m（0.38

±0.07and0.36±0.05mgCm-3,respectively;

Fig.4a） than in 1000�2886 m.Excluding

Euphausiacea,thebiomasswasreducedin0�
500m.Salpsoccupied1.5�7.0%ofthebiomass,

andespeciallyabundantin0�500m（Fig.4a）.

In2005,totalzooplanktonbiomasspeakwas

seenin0�500m（2.22±0.61mgCm
-3;Fig.4b）,

whereEuphausiaceadominated.Thecontribu-

tionofsalpsincreasedin500�1000m（1.9%;Fig.

4b）.
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Table4.Abundanceandsolitarytoaggregateratio（S/A）ofSalpathompsoniin2003and2005.

Station
Abundance（ind.m-2） Solitary/total

（%）
S/A

Aggregate Solitary Total

2003
C14
C08
C01
C00

Average

95.47
0.00
0.00
0.00
23.87

22.64
0.00
0.00
0.00
5.66

118.11
0.00
0.00
0.00
29.53

19.17
－
－
－
19.17

0.24
－
－
－
0.24

2005
C13
C12
C09
C07
C04
C01・
C00・
Average

8.08
34.33
6.29
1.04
0.74
0.01
0.00
7.21

9.39
11.26
3.06
0.77
0.11
0.00
0.00
3.51

17.47
45.59
9.35
1.81
0.85
0.01
0.00
10.73

53.73
24.70
32.75
42.42
12.50
0.00
－
32.74

1.16
0.33
0.49
0.74
0.14
0.00
－
0.49

Table5.AbundanceofSalpathompsoni（ind.m-2）intheSouthernOcean.

Location Date
Sampling
depth（m）

Sampling
gear

Range Source

AdelieLand

Feb.2003
Feb.2005

0�2886
0�2000

RMT
0�118.1
0�45.6

presentstudy

Jan.�Feb.1996 0�200 ORI Max.5974.6 Chibaetal.（1998）

Dec.1994 0�500 ORI-VMPS 156.4�2297.4 NishikawaandTsuda（2001）

Jan.2002
Feb.2002
Mar.2003

0�1000
0�200

RMT
Max.219.6*
Max.71.6
Max.3.2

Tanimuraetal.（2008）

EBS Apr.�May2001 0�400 RMT 0�4.8 Pakhomovetal.（2006）

SSI
Dec.1990�Jan.1991
Jan.�Feb.1991

0�100 KYMT
0�132.0
0�30.0

Nishikawaetal.（1995）

ScotiaSea
ElephantIsland

Jan.�Feb.2000
Nov.�Dec.1994
Dec.1996

0�200 RMT
Max.361.2
Max.8.6
Max.208.3

Kawaguchietal.（2004）

EBS:EasternBellingshausenSea
SSI:SouthShetlandIslands
*Calculatedastheabundanceintheupper200m



3-3.Horizontalandverticaldistributionof

salps

Twospeciesofsalps,Salpathompsoniand

Ihlearacovitzai,wereobservedandtheformer

numericallydominatedin2003and2005（Fig.

5）.In2003,S.thompsonioccurredonlyatStn.

C14locatedinthenorthoftheSB-ACC（118.1

ind.m�2;Fig.5a）.Solitariescomprised19.2%of

S.thompsoni;solitarytoaggregateratiobeing

0.24（Table4）.Conversely,I.racovitzaioc-

curredonlyatStn.C01locatedinthesouthof

theSB-ACC（0.2ind.m�2;Fig.5a）.In2005,S.

thompsoniabundancewaslowerthanthatof

2003（Table4）.S.thompsonioccurredatall

stationsexceptforStn.C00・（Fig.5b）.ManyS.

thompsoniwereobservedinthenorthof65°S,

withthehighestabundanceatStn.C12near

theSB-ACC（45.6ind.m�2）.Solitariesweredis-

tributedatfivestations（Stns.C13,C12,C09,

C07andC04）;solitarytoaggregateratiorang-

ingfrom0.14（Stn.C04）to1.16（Stn.C13）（Ta-

ble4）.I.racovitzaioccurredonlyatStn.C04

locatedinthesouthofSB-ACC（0.1ind.m�2;

Fig.5b）alongwiththedistributionpatternof

2003.S.thompsoniabundanceinthepresent

studywaslowerthanthatinthesameseason

reportedbyCHIBAetal.（1998）,KAWAGUCHIet

al.（2004）andTANIMURA etal.（2008）but

higherthanthatinautumn（PAKHOMOVetal.,

2006;TANIMURAetal.,2008）（Table5）.

In2003,S.thompsoniwasobservedbetween

thesurfaceand2886m（Fig.6a）.Theaggre-

gatesandsolitariesdenselyoccurredinthe77�
193m（315.0and40.5ind.1000m-3,respec-

tively）.In2005,S.thompsoniwasdistributed

atalmosteverysamplinglayeratStns.C13,

C12andC09（Figs.6b�d）.AtStn.C07,bothag-

gregatesandsolitarieswereobservedinlayers

lowerthan500mdepth（Fig.6e）.AtStn.C04,

theaggregatesoccurredbetweenthesurface

and800m.Ontheotherhand,solitarieswere

observedonlyin0�50m（Fig.6f）.Onlyaggre-

gatesoccurredin50�100m atStn.C01・（Fig.

6g）.I.racovitzaiwasobservedintheupper200

mbothin2003and2005（figurenotshown）.
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Fig.6.VerticaldistributionsofSalpathompsonioffAdelieLandin2003（a）and2005（b�g）.Openbars:aggre-
gate,solidbars:solitary.



3-4.PopulationstructureofSalpathompsoni

In 2003,BL ofS.thompsoniaggregates

rangedbetween5and37mmwithtwopeaksat

7mm and24mm（Fig.7a）.Maturestages

（stage4andspent）predominated,accounting

for51.2%,andstageXoccupied13.0%ofallag-

gregates（Fig.7b）.Astothesolitaries,theBL

rangedfrom4to69mm;ofallsolitaries,small

individuals（<30mmBL）comprised85.8%（Fig.

7c）.Whilethenumberofmaturesolitaries

（overstage4a）weresmall（8.3%）,immature

individuals（stage1�3）predominated,account-

ingfor91.7%ofallsolitaries（Fig.7d）.In2005,

thesizeoftheaggregatesrangedfrom4to38

mm（Fig.8a）.Earlymaturitystages（0�2）pre-

dominatedcomprising68.8%,andstageXoccu-

pied4.8% ofallaggregates（Fig.8b）.The

solitariesrangedfrom5to63mmBL（Fig.8c）.

Theyoungeststage（stage1）dominated（com-

prising62.4%）whilematuresolitariescontrib-

uted16.2%ofallsolitaries（Fig.8d）.Astothe

densityweightedlengthfrequencydistribution

ofS.thompsonipopulationincludedinbothag-

gregatesandsolitariesin2003and2005,the

modallengthswere24mm（Fig.9a）and8mm

（Fig.9b）,respectively.

MatureaggregatesofS.thompsonimainly

occurredin500�1000matStns.C13andC12in

2005（8.9and7.7ind.1000m-3,respectively;

Figs.10a,c）.Immatureaggregateswereabun-

dantintheupper500matStns.C13,C12and

C09（max.7.0,46.5and9.1ind.1000m-3,respec-

tively;Figs.10a,c,e）.Astosolitaries,mature

individualsmainlydistributedintheupper500

m.Incontrast,immaturesolitariesdenselyoc-

curredindeeperlayers（500�2000m）atStns.

C13,C12andC09（Figs.10b,d,f）.

TheaveragebodylengthofS.thomsponi

solitariesdecreasedwithincreasingdepthat

Stns.C13,C12andC09in2005（Figs.11a�c）.

AlthoughachangeoftheaveragelengthofS.

thompsoniaggregatesonthesamplinglayers

wasnotobservedatStn.C13（Fig.11a）,large-

sizeaggregatesconstitutedthedeeperlayer
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Fig.7.BodylengthfrequencyandmaturitystagesofSalpathompsoniaggregate（a,b）andsolitary（c,d）off
AdelieLandin2003.N:numberofmeasuredindividuals,S:stagespent,X:stageX.



populationatStns.C12andC09（Figs.11b,c）.

ThecompositionsofS.thompsonimaturity

stagesweredifferentateachstationin2005

（Fig.12）.Bothmatureaggregatesandsolitar-

ieswereobservedatStns.C13,C12andC09.At

Stn.C07,maturesolitarieswereabsentwhile

matureaggregatesoccurred.Bothaggregates

andsolitarieswerecomposedofimmatureindi-

vidualsatStn.C04,onlyimmatureaggregates

wereobservedatStn.C01・.

4.Discussions

4-1.DistributionofSalpathompsoniinrela-

tiontooceanographicconditions

Ourresultagreeswiththepreviousreportby

CASARETO andNEMOTO（1986）showingIhlea

racovitzaiwasdistributedathigherlatitude

thanSalpathompsoni.
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Fig.8.BodylengthfrequencyandmaturitystagesofSalpathompsoniaggregate（a,b）andsolitary（c,d）off
AdelieLandin2005.N:numberofmeasuredindividuals,S:stagespent,X:stageX.

Fig.9.DensityweightedlengthfrequencydistributionsofSalpathompsonipopulation（aggregate+solitary）
in2003（a）and2005（b）.



WeobservedthatS.thompsoniin2005was

distributedathigherlatitudethanin2003

（Fig.5）.PreviousreportshaveshownthatS.

thompsonioccurredathighlatitudesoffAdelie

LandintheSouthernOcean（CASARETO and

NEMOTO1986;CHIBAetal.,1998,1999;NICOLet

al.,2000;TANIMURAetal.,2008）.PERISSINOTTO

and PAKHOMOV （1998） reported that S.
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Fig.10.VerticaldistributionsofimmatureandmatureSalpathompsoniatStns.C13（a,b）,C12（c,d）andC09
（e,f）offAdelieLandin2005.

Fig.11.Averagebodylength（mm）ofSalpathompsoniaggregateandsolitaryatStns.C13（a）,C12（b）andC09
（c）offAdelieLandin2005.Horizontalbarsrangestandarddeviations.
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Fig.12.LatitudinalchangesofmaturitystagesofSalpathompsoniaggregate（a�f）andsolitary（g�k）off
AdelieLandin2005.N:numberofmeasuredindividuals,S:stagespent,X:stageX,SB:SouthernBoundary
oftheAntarcticCircumpolarCurrent.



thompsonipopulationcollapsesbecauseofa

dramaticreductioninS.thompsonifeeding

ratewhenChlaexceeds1.0μgL-1.Inthepre-

sentstudy,however,meanChlaintheupper

200mbothin2003and2005waslessthan1.0

μgL-1exceptforStn.C00in2003,suggesting

thatdistributionofS.thompsoniwasnotlim-

itedbyChla.Previousstudieshaveclarified

thatS.thompsonioccurredmainlyinthewarm

waterandwasfoundinthenorthoftheSB-

ACC（FOXTON,1966;NICOL et al.,2000;

PAKHOMOVetal.,2006;TANIMURAetal.,2008）.

CHIBAetal.（1999）indicatedthatthesouthern-

mostS.thompsonipopulationmightoccuronly

occasionallyinmid-summerduetoadvection

whentheiceedgeretreatstoitsminimumex-

tent.Therelativelywarmwater（�1.0℃）ex-

tendedtothesouthof65°Sin2005（Fig.2）,

suggestingthatS.thompsoniwastransported

from anorthernareatothesouthoftheSB-

ACC.

4-2.InterannualchangeofSalpathompsoni

populationstrucutre

TheabundanceofSalpathompsoniin2005

waslowerthanthatin2003（Table4）andthose

from variousareasinthesummer（Table5）.

ThemodallengthofS.thompsonipopulationin

2005（8mm）wassmallerthanthatin2003（24

mm）andcoincidedwiththatinMarch（8mm）

reported by TANIMURA et al.（2008）.

PAKHOMOV etal.（2006）reportedthepopula-

tionintheautumnconsistedofearlymaturity

stages（0�2）oftheaggregatesandtheyoung

（stage2）solitarieswith29�32mm.Thepopula-

tionstructureof2005inthepresentstudywas

similartothatofPAKHOMOV etal.（2006）.

Maximum solitarytoaggregateratioin2005

was1.16.Sincethemajordriverofthesalp

bloomistheasexualbuddingofupto800buds

originatingfrom asolitaryofS.thompsoni

（DAPONTEetal.,2001）,highsolitarytoaggre-

gate ratio indicates low reproduction

（TANIMURA etal.,2008）.CHIBA etal.（1999）

foundthereproductionofS.thompsoniwasre-

ducedinautumn.Thereproductiveconditionof

S.thompsonipopulationin2005wassimilarto

thatinautumn,whichseasonwasconsidered

astheendofreproduction.

4-3.Horizontalandverticalchangesinpopu-

lationstructureofSalpathompsoni

Weobservedthattheverticaldistributionsof

immatureandmatureS.thompsoniweredif-

ferentatStns.C13,C12andC09in2005（Fig.

10）.Thegreaterabundancesofimmatureag-

gregatesandmaturesolitariesoccurredinthe

upper500m,suggestingthatthesolitarywere

asexuallyreproducing.Conversely,theabun-

dancesofmatureaggregatesandimmature

solitariesincreasedinthedeeperlayer.Thisre-

vealstheyoungsolitariesweresexuallyrepro-

ducedby matureaggregatesin thedeeper

layer.FOXTON（1966）reportedtheyoungsoli-

tariespredominatedinthedeeperlayerand

kepttheirstocksduringautumnandwinter.It

isthusconsideredthatthesmallimmature

solitariesinthedeeperlayeroverwintered.

FOXTON（1966）clarifiedseasonalchangesin

thematuritystagesofS.thompsoniandre-

portedtheontogeneticverticalmigrationof

thisspecies.CASARETOandNEMOTO（1986）ob-

servedthedifferentverticaldistributionofim-

matureandmatureindividualsinthesummer

populationofS.thompsoni.Aswiththesepre-

viousreports（FOXTON,1966;CASARETO and

NEMOTO,1986）,theresultofthepresentstudy

suggestsS.thompsoniareontogeneticvertical

migrators.

Generally,salpshavealifecycleinwhichthe

sexualgenerationalternateswiththeasexual

generation（GODEAUXetal.,1998）.Thismeans

lifecycleofsalpscannotbecompletedifindi-

vidualsdonotreproduceinbothgenerations.

CASARETO andNEMOTO（1986）reportedthe

latitudinalvariationofS.thompsonipopula-

tionstructureandlinkedpoorreproductive

performanceathighlatitudetothelowwater

temperature.CHIBA etal.（1999）suggested

thattheS.thompsonipopulationathighlati-

tudecannotcompleteitslifecycleduetolow

temperatureandscarcityoffood.In2005,ma-

tureindividualsofbothaggregatesandsolitar-

iesofS.thompsoniwereobservedinthenorth

of65°S（Stns.C13,C12andC09）,suggesting

thatthelifecycletherewascompleted.Onthe

otherhand,nomatureindividualsofaggre-

gates and/or solitaries occurred, and S.

thompsoniabundancedeclinedinthesouthof

65°20�S（Stns.C07,C04andC01・）.Thelow
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temperaturewater（<0℃）wasobservedinthe

southof65°20�S.Therefore,itisverylikely

thatS.thompsoniinthisareawerenotrepro-

ducingbecauseoflowtemperatureandsothey

couldnotcompletetheirlifecycle,whichsug-

gestedacollapseoftheS.thompsonipopula-

tion. However, temperature effects on

reproductivesuccess/failureofS.thompsoni

haveneverbeenreported,whichissuebeingre-

mainedtobeinvestigatedbyfuturestudies.
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