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E恥ctsofTemperatureandSalinityonEggHatch  
of111ePondSmdt］T〃P〃t（1（J5HLH（J［idtL＃   

MasaakiKASHIWAGl＊，ToshioIwA】＊，and Alexandre N．G．LopES＊＊  

帝Facul仁yofBioresources，MieUniversity，榊thedeceased   

Responsesofeggsofthepondsmelt功Pomesusolidustoaseriesoftemperatureandchlorinity  
combinationsweremeasured払rpercentagesoftotal－andviable・hatchandtimeto50％hatch・   

HatchoccurredatthecombinationsoftemperaturerangeoflOto22・50candchlorinityrangeofOto  
lO％0．Therelationsl五psbetweenhatchingrateandtwovariableswereexpressedbythesecondorder  
equations：   

TH＝37．9974＋6．2171T－0▲3220T2－3．1775C－0．6297C2十0．3355TC   

VH＝55．4947＋3．1276T－0．2344T2－5．3836C－0．5386C2＋0．4340TC  

whereTH＝tOtaトhatch（％），VH＝Viable・hatch（％），T＝temPerature（Oc），C＝Cldorinity（％ぴ）r Response  

surfacceanalysissuggeststhattheviable．hatchoccurredsafelyattemperaturelowerthan19・OOcandat  

Chjori昆tylowerthan6．7％0．   

Timerequiredto50％hatchvariedbetween7・3and23・3daysaftcrfertilization，andwasinverselyand  

exponentiallyre！atedtothetemperature・Theeffectofchlorinityonthetimewasstatistica11yinsigni鮎ant  

withinthehatchablerange．Therelationshipequationwasthirdorder：   

D＝131．3675－19．5853T十1．0729T2－0．0202T3  

W壬1ereD＝daysto50％hatch．  

Keywords：temperature，Salini姉貴shegg，pOndsmelt，珍妙珊ヱβぶ〝ざβJざ血ざ   

Temperatureandsalinityarefactorswl壷hhaveamaJOreffectonthedevelopmentofteleostseggs・1・2）  

Thisisoneofourpapersconcerningtheeffectsofthesevariableontheearlyhfestagesoftheashes・Those  

paperswhichhavebeenpublishedrefertotl甘eelinegruntPar＠rist＊omatrilineaium・3・4）amagosalmon  

OncorignchusmasoumacYOSiomus，5）ayuplecqglossusaltivelis，6）andrainbowtroutSalmogairdneri・7）   

Thepresentpaperdealswiththepondsmelt月妙omesusoliduswl血hiswidelydistributedinthecoastaland  

inlandwaterregionstllrOughoutJapan，and餌rnishesanimportantcatchforboth鮎heriesandrecreationa！fisl血g  

locatedthere．Thisstudywasdesignedtodeterminethepercentagesoftotaトandviable－hatchandtirneto50％  

hatchoftheeggsatvariouscombinationsoftemperatureandsahnity・Inthisconnection，therearefewreports  

onthepresentspeciesotherthanthosewhichHtGURASrll＆NAKA【，8）NAlul，9）andYAMAMOTO10）havenotedforthe  

temperaturee飴ctonly．  

Materials itnd Methods 

TheadultpondsmeltswerecaughtfromthelakeSuwa，NaganoPrefecture，OnAprii9，1984・Theeggs，  

ReceivedJune30，1968   
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obtainedかom severalten：npe鮎h，Were fertilized routine重y and attached to collectors ofchina palm at  

temperatureoflOOc・ThecollectorskeptatthesametemperatureweretransportedtoourlaboratoryatTsu  

andsubdividedthereintosmallpieceswhichcontainedaverageof390（range189－793）eggs．   

Theexperimentaldesignused払rthepresentstudywasa2払ctor7×6factoriaiwithatemperaturerange  

oflOto250cin2．50cintervalsandachlorinityrangeofOtolO‰血2％ointerva王s（Tablel），Asubsampieof  

eggswasputintoa50rrmdiameterglassbeakerwithlOOmlwater．Asetofsixbeakerswitheachtest  

chiorinitywassoakedineachtesttemperattlrebath，COnStantlycontrolledwithin±0・30c・Thebeakerswere  

checkedmorethantwotimeseveryday，anddeadeggsineachbeakerwerecotlntedandremovedh’Omit．The  

testchlorinitieswereobtainedbydilutionofAllen’ssyntheticseasalts＊withかeshwater．Thetestwaterwas  

Changedeverythreedaystokeepthedesiredchlorinities．Aslightaerationwasusedinantheseincubations．   

Thepercentagesoftotal－andviabie－hatchandthetirneto50％hatchweredetermined・Theobjectsof  

observationforviable－hatchwerelimitedtothenormallarvaehatchedwithoutanyabnomahtiessuchasthe  

curvaturesoftailornotochordandthelackofeyes．Thetimeto50％hatchwascalculatedbyinterpo量ation，  

Forthese data，the statisticaltreatmentsfouowedtheanalysisofvarianceoftwo－Waylayout，11）andthe  

relationships betweerlhatching rate，time and variables were calculated by the methods of orthogonal  
polynomialsandshowrlaStheresponsesurfaces・12）  

Results   

タg柁g乃g聯g〆わおJ－ゐαわぁ  

ResultshTablelshowthatthetotaトhatchoccurredattheccimbinationsoftemperattlrerangeOflOto  

22，50candchlorinityrangeofOtolO％0．ThepercentagesvariedbetweenOand70・1％ataucombinations・  

Theanalysisofvarianceforthesedataprovedtobehighlysigni6cantforbothtemperatureandchlorinity（Table  

2）．Therelationshipbetweenhatchingrateandvariableswasexpressedbythesecondorderequation：  

Tablel－ Percent昭eSOfTotalandViableHatchofthePondSmeItEggsIncubated  

at42TemperaturかSalinityConlbirはtions  
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T封：perCentage＄Oftotal・hatch．VH：perCentageSOfviablephatch．  

ホFormulabrthesalts（Cl＝20・127％0）…NaC128・17払MgC122・55g，KC10．77g，CaCl21．20g，MgSO43．50g，  

NaHCO30t22臥W；ltertOl，000ml．   
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TH：37．9974＋6．2171T－0．3220T2－3．1775C－0．6297C2＋0．3355TC  

WhereTH＝tOtaトhatch（％），T＝temPerature（Oc），andC＝Chlorinity（％∂．Fromtlisequation，theresponse  

Surねcewasconstructedandshownastheisoplethsofpercentages払raselectedlevelsuchas60，50，…andO％  

（Fig．1）．Themax血umpercentagewas68％attemperatureoflOOccoupledwithchlorinityofO％0（pointSin  

Fig．1）．Bothincreasesanddecreasesinthetwovariablesfromthesevaluesreducedthepercentagesof  

totaトhatch．Thelimitingtemperature（LT50）andcl吏0rinity（LC5ひ）forhatchweredeterminedasthevaluesat  

theisoplethof34％hatchwhichisahalfofthemaximumpercentage（dottediineinFig．1）．Thel扇ghestLT50  

andLC5OWere20．6勺cand8．0％0，reSpeCtively．  

Table2．AnalysISOfVariancefortheDataofTotal－1iatch  

MS  F  

2，523，25  24．40叫  

11，955．10  115．62＊＊  

2，040．88  19．74＊＊   

285．88  2，76nS  

l，608．94  15．56桝  

6，361．93  61．53＊＊  

1，658．09  16．04輌  

8．23  0．08！lS  

l，378．95  13．34輌   

103．401  

Teml）erature  15，139．51   

Linear  ll，955．10   

Quadratic  2，040．88   

Remainder  l，143．53  

Chlorinity  8，044．70   

Linear  6，361．93   

Quadratic  l，658．09   

Remainder  24．68  

Interactiorl   

Quadratic  l，378．95  

Residuai  3，102．03  

Tota1  26．286．4  
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＊＊：l】ighlysi卯i鮎ant（p＜0，0日．ns：nOtSi卯i鮎ant．  

Pビ化川J（坪∫〆～、血純血仙  

Thepercentagesofviable－hatchvariedbetweenOand62．6％（Tablel）．Theresultsofanalysisofvariance  

Showedlittledi鮎rencefromthethoseofthetotaトhatch（Table3）．Thenttedequationwas：  

VH＝55．4947十3．1276T－0．2344T2－5．3836C－0．5386C2十0．4340TC  

Whel・eVH＝Viable－hatch（％）．  

ThehighestLT50andLC50Were19．0¢cand6．7％0，reSpeCtively，andthesevalueswerelowerl．6Ocandl，3％o  

thanthoseoftotaトhatch．Thehatchofthepondsmelteggsseemstooccursafeiybelowthesevalues．  

罰加βわ50％ゐαおゐ  

Thedataoftimeto50％hatchvariedbetween7．3and23．3daysatthecombinationsoftemperatureoflOto  

200candchlorinityofOto8％0（Table4）．TheanalysisofvarianceぬrthesedataprovedtobesigniLicantforthe  

temperatureoniy（Table5），Therelationshipbetweent血eandtemperaturewasexpressedbythethirdorder  

equation：   

D＝131，3675－19．5853T十1．0729T2－0．0202T3  

Where Dこ＝days to5O％hatch．The regression curvein Fig．3showed that the time wasinversely and  

exponentia11yrelatedtothetemperature．   
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Fig．1．Responsesurねceshowingtheisoplethsofpercentagesoftotaト  

h；itChinrelationtowatertemperatureandsalinity，Dottedline  

Shows thelevels oflirniting tcmperature（LT5O）and chlorinity  

（LC50）forhatch．  

Table3．AnalysisofVariancefortheDataofViable－Hatch  

SV  SS  DF  MS  F  

1，782．14  16．58輌  

8，878．41  82．59＊＊  

1，082．11  10．07柄  

183．07  1．70TIS  

l，244．95  11．58＊＊  

4．936．65  45．92＊療  

1，212．89  11．28輌   

25．07  0．23n＄  

2，307．58  21．45紳  

107．50  

′remperature  lO，692．81   

Linear  8，878．41   

Quadratic  l，062．11   

Remahder  732．29  

Chlorinity  6，224．75   

Linear  4，936．65   

Quadratic  l，212．89   

Remai‡lder  75．21  

Interaction   

Quadrat主c  2，307．58  

Residua1  3，224．85  

Tota1  20，142．41  
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＊＊：最ghlysi卯はcant（p＜0．01）．ns：nOtSigni鮎ant．   
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CentageS Of viable・hatchin relation to water  

temperature and salinity，Dotted最ne shows the  

levelsof揖niti喝temperature（rr50）andchlo血ity  

（LC5｛〉）払rhatch．  
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Table4．T血e（days）to50％Hatcho川－e Pond  
SmeltEggs  

Chjori最ty（％¢）  
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Temperature（Oc）   

Fig．3，Regressionlineshowingthetimeto50％hatch  

inrelationtotemperature．  

Table5．AnalysISOfVarianceわrtheT血eto50％Hatch  

SS  DF  MS  

661．48＊率  

2，341．05輌   

273．40輌   

26．01柚   

1．14IIS  

O．25nS   
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Temperature  

Linear   

Quadratic   

Cubic  

Renlaindel・  

Ch】orin恒  

Residual  

Total  73  

＊＊：hjghlysigni鮎ant（p＜0．01）．ns：nOtSi卯批ant・  
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Discussion   

Resl）OnSeSOfteleosteggstochanglngtemPeratureandsalinityvarywidelywithtishspecies，l・13）Inthe  

presentspecies，H冨GURASⅢ＆NAlくAI8），NAKAI，andYAMAMOTOま0）notedinregardtothee鮎ctoftemperaturethat  

hatchoccurredsafelywithintherangesfrom6to190c．ourresuぬinwhichthehmitingtemperaturebrthe  

Viable－hatchislowerthan190c，areWe㍊inaccordancewiththeirdescriptionsandnewlyproposethatthelimiting  

Chlorbityislowertham6．7％¢．   

Onthetimetohatch，YAMAMOTOlO）reportedthatthedayswere19・6，13・5，10・Oand7．2daysafter  
fert最izationwhentheeggswereincubatedattemperaturesoflO．4，13．3，15．6，and19．40c，reSPeCtively，and  

then＄uggeStedthatthethnewasinverselyandexponentia11yrelatedtothetemperature．Theresultsirlthi＄  

Studyfo1lowhissuggestion・Ontheotherhand，irlthepresentstudy，theeffectofsalinityonthetimewas  

Statisticauyinsigni鮎antwithinthehatchabierangeoftheeggs・Thesameeffecthasbeenreportedonthe  

amagosalmon，5）therainbowtrotlt，7）andPaciAcherringC妙eaPallasi14）whjlesomeaccelerationorretardation  

Ofthetimeinchan感ngsahnitieshasalsobeenreportedonseveralnsh，SuChasEnglishsolePa㌢呼物sveiulus，15）  

thethree血egrunt，3）AtlanticherringCl14，eahwengus，16）paci魚ccodGadusmacroc砂halus，17・18）petralesole  

Eゆざettajordani，19）redseabreamPagnlSmqior，20）andyellowtailnounderLbnandajbmqinea．21）Itis  

generauyseenthatthee鮎ctofsahnityissmauincomparisonwiththatoftemperature．2・22）  
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ワカサギ卵の貯化に及ぼす水温と塩分の影響  

相木正車・岩井顛末・朗exan血eN．G．LopES   

ワかサギの受梢卵を水温7段階（範囲10…250c，間隔2．50c）と塩栗鼠6段階（範囲0仙109ら0，間隔2％0）から  

なる42組の紙水中で貯化させた。   

その結果，酵化がみられた水温と塩素駿はそれぞゴt22．50c以下および10‰以下であった。総醇化軒rH（％），  

正常聯化率VH（％），水温rr（Oc），塩素鼠C（％0）の関係は次の2次式で教わされた。   

TK＝37．9974十6．2171′r－0，3220TZ－3．1775C－0．6297C2＋0．3355TC   

VH＝55．4947＋3．1276′r－0．23441、2－5．3836C－0．5386C2十0．4340TC   

これらの式から作られた応答曲面ぶよれば，供紙卵の半数が正′削こ醇化する水温と塩素畿の上限はそれぞれ  

190cぉよび6．7％¢と推定された。   

鮮化時間ほ，水温とほ高度に有窓な負の相関関係（指数関数的）が認められたが，塩素蕊との関係は有憩でなかっ  

た。水温10…250cにおける半数貯化時間D用）と水温T（Oc）の関係は次の3次式で表わされた。   

D＝131．3675－19．5853T＋1．0729T2－0．0202′r3   




