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RespoれSeS Or噌gS Or the amag■O Salmon，0れC8γんy花Cゐ勿βmα即祝刑αC川β紬乙混ざ，tO汲  

Series or temperature and salinity combinatioれS Were meaSured ror percerltS Of totaland  

Viable hateh and time to50タg hatch．   

Hatch occurred aもa】most allt¢Sted co！Ⅵbinations or temperature range（10to17．5  

0c）aれdchlorinity ran酢（0も05％）．R田pOnSeSurraCeanalysiss将酢StSthaもthemaximum  

PerCentOf viable hatch（i．e．，OPtimum）may be round at13．80ccombined wiもhli，0％．   

1’ime required to50タすhatch variedl光tWeen2l．5and48days a托er rertilization，and  

WaSi托VerSeまy and exponentially rぬted to the temperature．1’hee汀ect of chlorinity on  

the time was＄tatisticallyinsigniricant within the hatchable ran酢Or eggS．  

Key words：temperature，Salinity，rishegg，amagOSa】m恥C厄抑廟血涙…淵肌Ⅷ皿㈹血脚汎  

The amago salmon，0乃COγゐ野花Cゐむβ椚α朗髄仇αCγ0βねm祝βG血TlI宮1i，is widelydistributed  

in the rivers and sea or centraland sotlthernJapan，andis the species mosも1ikely to be  

Chosen for rish propagatiorland culture．   

朗もho噌hもemperatureand salinity are f－actorswhich haveamajorerfect onもhesurvival  

OrteIめStS（KINN裾1964，BLAXT試R1969），therearerewre脚rtS On thee汀∝tSOr thesevariabi錯  

Other tha．n tbat which HoNJOH（1977）has noted as the optimum temperature ror hatch  

Of the amago eggs．Hence，tbe presenもStudy was designed to determine the percents or  

totalandviablehatchandthetimetohatchorもhe曙gSaもVariouscombinationsortem卿ature  

and salinity－  

Materia）s and Methods   

でheeggswere ob七色ined on October26，1984，SOOnarもer rerはization from thel弘iga  

PrerecturalSam咤aiTrout Farm，and transported to ourlaもoratory at a temperaもure or  

lOOc，tbe same as the value at rertilization．   

Experimen七色ldesi糾WaS象2facもOr4×4ractorialwith a temperature rang・e Oぎ10to  

17．50c and a chlorinity rangeof o to5％（Tablel）．Subsamples of20eggs each were   
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putinto50mm diameもer蛮ass beakers＼Vith80mlwater・でwo sets or four beakers each  

壷thadii’ferent％ofchlorinitywereinsertcdintherourtestconstantlycontrolledtemI光rature  

ba払s・Everyday，Whenth6もeakerswerecheckedanydeadeg酢㈹reCOunもedandremoved・  

Tworeplicatesofpercentsoftotalandviablehatchandtimeto50％hatchweredetermined・  

Here，もheobjecもSOrObservationrorviablehatchwerelimitedto thenormallarvaehatched  

wiもhout any abnormality．   

ForもheexpeIうmen七色ldata，Sもatisticaltreatment rollowed沈eanalysisor varianceor  

two－Waylayouも（8LISS1970）．Therelationshipbetweentheda旭andtheもWOVariablesⅥraS  

calculatedby themeもhodsororもhogonalpolynomialandshol和aS ther曙reSSionequaもions  

and responsesurraces．でhese techniqueshavecomeわい州都腔inrecent years（ALDERDICE  

1972）．   

Experimentalchlorinitieswere obtained by dilution of syntheticsea saltswith fresh  
water．でest waもerwascha咽ed ev引Yも如eedays to ke叩もhe desired chlorinities・Slighも  

aer・aLion＼VaS uSCdin allincubaLions．  

Results   

Percents of totaland viabLe hatch  

Results are shoⅥrnin Tablel．   

TbepercenもOrも0ぬ1hatchvaried旭㈹enOandlOO％in乱1lexper血entalcombinations・  

Analysisofvarianceforthesedataprovedtobesignificantforbothtem‡治ratureandchlorinity，  

butnoもfortheirinteraction（Table2）．でherelaもi∞Shipbetw班ntOtalhatch（TH），tem鱒rature  

（で）and Chlorininity（C）wasexpressed by thesecond orderequaもion：  

でH＝－539．16＋88．45T－3．20で2－0．63C－1．41C2  

butもhe term ofinもeraction，TC，  

was omiも短dlx妃auSeitwas statis－  
鴨b‡el．Per（黒ntS Or tOtaland viableha鹿horamago  

eggsincubated at16temperaturesalinity  

combinations  

ticallyinsignificanもas mentioned  

aも0Ve．From t最s equation，the  

responsesurfacewasconstructed  

arld shown asもbeisopleths or  

percenも王’or a selectedlevelsuch  

as70，60and50％（Fig．1）．The  

highesもpercent was72．9％at  

13．80c and O．8％（point Sin  

Fig．1）．Changesin the two  

variables，もothincreases and  

dccrcases from Lhcsc values，  

陀duαdもぬ鱒rαntOr加地1haも血・  

The resulもS Of viable hatch  

wereli沈1e differenもfrom沈ose  

or totalhatch（Tablesla．nd3）．  

Chlorlnity（％）  

でemper批ure（Oc）  0  1  3  5  

D  l二Ⅰ。  －ilII Vll T‖ Vlt ■ユ¶ Vlt 一丁‖ ＼J‖  

20 15 40 30 45 45 25 25  
15 15  0  0 15 15 20 15   

75 75 75 フ5 65 65 55 ら5  
60 60 40 40 55 55  0  0   

100100 75 75 80 80 30 25   
80 80 70 70 60 60 20 10  

5  5 30 30 15 ユ5 20 20   
0  0 30 30 15 ユ5  5  5  

17．4±0．8  

17．4土0．5   

1J主．6±1．9  

14，9士0．5   

12．5±0．7  

12．4土0．4   

10．2土0．5  

10．2±0．5  

1フ．5  

15．0  

12．5  

10．0  

D：desi9n．EL；eXperilnen七alleveltmean食S・d・）・  

で1l：perCent OだヒOtall－atCh・VII‥ perCenヒ0£vまablel－aとCh・   
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Table 2・Analysis orヽ・ariElnCC rOr data or pcrccnt  
of total hatch 

S⊂〉urC亡  SS  DF  MS  I予  

でrea七ments  20，950．00 15  

甘empく∋ra七uごe 13，531．25  3  

Chloユニまn比y   3，043t75  3  

エnヒerac七ion   4，375．00   9   

Re9reSSまOn  

Lまnear  l′941．25   2  

Quadra七土c   13，873．00   3  

Remainder  5，135．75 10   

Resエdua1  4，150，00 16   

で0七a1  25，100．00  31  

1，396．67   5．38敗   

4，510．42 17．39撤   

1，014．58   3．91嶽  

486．11  1．87  

970．63   3．74★   

4，624．33  17．83油  

513．58   1．98  

259．38  
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八StCrisk＝ Siqnifican＝・p（0．05，－pく0．Ol）．  Fig．11icsponsesurfaccshowingisopleths  
Or騨r聡ntOで七otalha比hinrelaもkn  

to tcmperaturc且nd chlorinity．  

Table 31八nal〉・Sis or variancc ror data or pcrccnt  

or viable hatch  

Souご⊂e  SS  DF  HS  F  

でreatmen七S  22，261．72 15  

でemp（≧ra七ure  ユ3′452．34   3   

Cl－lorエn土ty   3′564．84  3  

貰n亡母ractまon   5′244．54   9   

1ミ叩reSSlon  

Llmear  2′151．53   2  

Quadratj．c   14’，フ62．69   3  

Re汀Ialnder  5，347．50 10   

Resエdua1  3′88フ．50 16   

で0七a1  26．149．22  31  

1，484．11 6．11☆   

4，484．1ユ ユ8．46袖   

1′188．28  4．89★  

582．73  2．40  

1，075．77  4．43★   

4′920．90 20．25激  

534．75  2．20  

242．9フ  
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15  

12．5  

0  1  3  5  

Chlo「inny（％○〉  

2］伽sponsc sur［acesho＼VingisopIcths   
Or P≡rQ？nt Orviablc hatchin rc）ation   

to temperatu柁and eh10rini七y．  

A紙eご1sk… Sまgnifiean七（☆pく0・05′ 織pく0・01）．  Fi9．  

The fitted equation was：  

VH＝－540．86＋88．91T－3．23で2＋3．53C－1，80C2  

Whe陀VH＝perCenもOr Viablehatch・Thehighestpercenもwas73．7％at13．80candl．0％  

（Fig．2）．  

Time to50％hatch   

でhedata varied between21．5and48daysinallexperimenta王combinationswherehaもCh   
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∝eu汀d（Table4）．Analysisofvariancerortheseda七色provdぬ臨signげi仏ntrOrtem鱒rature  

only（Ta眈5）・Therelaもionshipbe抽eentime（D）andもemperature（T）wasexpressed  

by the second order equaもion‥  

D：＝127．05－11．29T＋0．31で2  

TheresponsesurfaceisillustratedinFig・3・Theintegratedvalueoftemperatureandtime  

も050％batchwasalmostconsもantwiもbintberangeof412・5to452・90c・days・  

Ⅵble4，′rimein days to50％hateh or amago喝g＄  
incubated at16tcmperaturc・Salinit）r COm－  
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Fig．31icspo11SCSurraCCShov；ingしimcto  
部％ぬぬinre加ionto也m渾沌もure・  

で；d¢Signed 七℡mpera七ure・  

Parenthes土s… replacemenヒfor missi叩Values  

to calく：ula七¢ ANOVAln でable 5．  

Table5．Analysis orヽ▼ariance ror data orしimc to  

50％hatch  

Source  SS  DF  HS  F  

でrea七ments  2．265．80  15  151．05  29・70臓   

でempera七ure 2′1フ3・59   3   724・53 142・44頗   

Chlo工・土n土ヒy  49・02   3  16・34   3・21  

エnとerac七土on  43．20   9  4．80   0．94   

R（≧冒reSSlon   

Linear  2，014．7フ   2 1′007．38 198・05敵   

Quadごatiご  161．44   3  53t81 10▲58敗  

Remai．nder  89．60  10  8．96   1．76   

Res土dua1  66．13  13  5．09   

で0とa1  2，331．93   28  

Asterisk‡Si9nigエcan七（★pく0・05′ 触pく0・01）・   
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Discussion  

Responses of teleost曙gS tO ehangl喝temperature and′S乱1inity varywidely with tbe  

SpeCies（KINNE1963，1964）・However，1i沈1eis knownaもout the presentspecies‥HoNJOH  

（1977）noted for the same sp∝ies that tbe percent of toもalhatch was higherもhan95％  

at temperature range of13to160c but tbe abnormalitywas thehi如es七色t16¢c，and  

thensuggestedthat tbeoptimum temperaturerorh汲も血wasfound to be雨tbin u氾ra昭e  

Of13to150c・Ourresultthatatemperaもureor13・80cproducesthemaximumpercenもS  

OrもOtaland viable hatch（fte・，Optimum）are＼Vellin accord wiもh his suggestion．   

As ror tbe time to50％batch，iもis commonly undersも00d that ror teleos七曜gS the  

timeisinverselyandexponentia11y related to theincubation temperaturewithin thethermal  

も01erancelimiもs orもhespぬes・でhisappliesもO theamag・oegg＄a＄Well．でheintegratedvalue  

Of412・5－452・90c・dayscoincideswiththatoftheapproximate450Oc・daysreportedby  

HoNJO‡‡（1977）．   

In抜¢preSenもStudy，theerrecもOrChlorinityonthetimeto50％hatchwassもatistieally  

insignifican七wi沈in thehatchablerangeofeggs．でhesamehas been reported rorPac汀ic  

herri噌，Cg岬eαpαgJαぷg，Whichis aもypicalmarinerish（ALDERDICE and VELSEN1971），  

Wi沈changi喝Saliniもies，Wbilesomeaccelerationorretardation oでもbtime to50タ古hatch  

has also been reported onseveralrishe＄，iもisgeneralthat theefrects orsalinityaresmall  

in comparison wiもh that or temperaもure（BLAXTER1969，HoLいDAY1969，Roでt柑NでⅠⅠ肌L  

and ALDl壬RDICE1976）．  

Acknowledgment   

Weexpress our sincere thanksもO Dr．Shozo Fus‡hllKland Mr．YasuhiroIruJ10KA，Or the  

ShigaPrerecもuralSam曙aiT、rout Farm，rOrprOVidi喝uSWith thematerialforthisstudy．  

References  

ALDERDTCE，D・y‥1972・Faetorcombin乱tio鵬．R闇pOnSeSOr marimepoikilo洩ermstoenvironmentalraetors  

acti将iれeOnCerも・J兜：KINNE，0・（ed．），〟αr£氾e gCO～8gぎ，Vol．1，Part3：1659…1722．John Wiley  

＆Sons，London．  

血仙 and王r・P・J・V軋8冗N，197i・Someerrectsorsalinityand temper乱tureOnearly development  

O［L）aciric hcrringぐCZtLPea PaLLLZSi）．］．Fis＾．Rcs．Bd．CaT”da．28：151i5－15（ミ2．  

BLAXTER，J・H・Sり1969・‡撫vQlopmeれい喝gSandlarvae．王n：HoAl㍉W．S．andI）．J．RANDAT．L（eds．），  

ダねんf鳩耶流晶相甘 Vol．3：178－241．Acad．Pres5．，New York．  

凱ISS，C．王．，i970．封油滴壷㌻ね月ね毎柑 Vol．‡‡：427－433．McGrow†ヱ1il！，New York．  

110Lt■ln＾Y，EIGl’r・．19G9・rrhc crrccLs or saliniLy on thc cggs nndlar＼raC Or telcosts．In：l一Io＾R，W．  

Sl且ndl）lJ．Il＾Nr）：u．l．（cds．）．Fish Physto［ogy．＼∫■ol．1：293－311．Åcad．l）rcss‥ Nc＼＼・1’ork．  

J10NJOlt・′ll・，19丁7・Studies o11thc cu）turc and transp）antation or amElgO Saltnon．OncorhyTIC／luS r＾odLETtLS．  

月叩・Gげ混Pγe′事ダgβん・飢頑＼玖，22：トー103．（1nJapanese）．  

KINNE，0・，1963義Theer董ぬtsor短m鱒rature乱ndsalinityonmarimeandbrackishwa鹿ranimab．1．恥m渾沌ture．  

伽eα九Ogγ．〟αγ．βZoJ．血れ．凡帥．，1：30ト340．   



AlexaTldre N．G．LopE8，MasaakiKASIすIWAGlandでoshioIwÅI  

1964．Theerr既tS Of temperaもureandsalinity on marineand brackishwateranimals・‡Ⅰ・  

Saliれity andもemperature－Salini七ycombinaもions・Jあgdリ 2：281－339・  

RoTI］I：NTlt＾T．L，1－1．andI）．F．ALDERDtCIL197G．SublcLha】crfeets or enYironmenLalsLrCSSOrS，natIt）ral  

and pollutional，On marine rish cggs a71dlarvae・JIFts／t・Res・Bd・Cdnada・33：2O・17－2O65・   




