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Respnnses or eggs orもhe ayuダJecog～0ぷS比ぶα～乙～〃eggS tO a Series or tempe－  

r・aもure and saiinユty COrnbinations weI†e meaSured ror percents or totaland  

v≦abie主1aもCh an（j ti汀ほも050％hatcil．  

HaもCh occur‡・ed at almost alitesもed cornbinatio】1S Or temperature rang・e Or  

】1．O to26．00c and chlorinity range oぎO to臥（摘0．Response suがace analysis  
suggeststhaもthe n－aXimum perceユ1もSOrも0は1and viable haもch（～・e・，OPtimum）  

may be round at胤0のC combined withO▲狙・1％0 

′rimeま・equiredも050％ilatCilVaried6．5arld26，2days aでもre rertilizaも血1，  

and＼VaSinversely and exponentially rejaもedもO theもemperaもure．The Q18Value  

was higher at thelowerもempel・aもure・The e汀ect or crllorinity on 七重1e time  

was sはtisもicallyinsigniricant wiもhin the haもChable ran酢Oreg・gS 

K叩WOrds：ternPeraもure，Salini軌rish egg，ayu，PgeごOgわぷぶαSαg££ぴeg∠ぶ   

The ay11ダ～ecoggoぶぶ㍑ぶα～£加J∠ぶis widely distributedin もheinla－－d water r喝ions  

throuかo11tJaf）an，andis a veryirYIPOrtant SpeCieslさor the f壷herj8S and the culture  

located there．   

1tis weill用OWrlもとIat tlle adult壬IisllSPaWn near the mout‡－Of a riv肌Therefor8，thQ  

variations of tcmperaLuro and salillity caused by the tidc oC cbb and flow havc a major 
effect on the survivalofits ear】ylife stages・rrhere are，however，reW rePOrtS On the  

efrecもs ofもhese variables otiler than tiほt Which some workers notedin anindividualcase  

oぎもemperatuI－e（Hl（jじ壬∧くAS川1924，i′l－Oeとαg．1971）andsalin恒（‡′l、Oe己αJ・1967）・   

Trhe puTPOSe Of this studyis to determine tl柑COmbined effects oF ternperature and  

saiinity on the egg hatcl－Of ayu・   
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Materiats and Methods  

Eggs and sperm were collected from the adult fish，14romales and13males，Caught  

near ule mOuth of Miya RivQr，Mie Prefecture，On October17，1985．The eggs were  

rerもilized∠花S∠と比and thQnもransporもed to ourlaboratory at a tempeI・aturQ Oで19．20c，the  

same as that ofもhe river water at fertilization．  

rrhe experimentaidesign was a 2 ractor6×9factorialwith a temperature range of  

l】‥O to26．00Cin 30cinもervals and a chlorinity range of O to8．0％oinl．（摘ointervals  

（Tablel）．An averag80g161eggs（ra咽e；47－477）was putinもo each50用m diameter  

glass beaker withlOOmlwater．One set of nine beakers with each chlorinity was placed  

in thc six test temperature baths，COnStantly contro11ed within ±0．3℃．When the beakers  

WerO Checked more than two times帥ery day，any dead曙gS Were COun七ed and removed．  

The percents or totaland viable hatch and the time to50％hatch werelimitedもO the  

normallarvae hatched wiもhout any abnormality，SuCh asもhe curvaturesポtailor noも0－  

chord and thelack of QyeS．でhe time to50％hatch was calculated byinterpolation．  

For the experim¢ntaldata，Staもisもicaltreatments followed the analysIS Of variance of  

a two－Waylay out（Br．1SS1967）．And the relationship between data and もWO Variables  

were calculaもed by the methods of orthogonalpolynomial，and shown as the regression  

equaもion and response sur錆ces（Å】一i〕ERi⊃lCl三1972）．  

Experimentalchlorinities were obtained by dilution of Au．】三パ，S Synthetic sea saltsヰ  

with fresh water．The test water was changed every three days to keep the desired  

Chlorinities．No aeration was usedin anylnCubations．  

Results   

Percent of tota［hatch   

Resultsareshownin Tablel．The percentof totalhatch varied between O and86．8％  

at au experimentalcombinations．AnalysIS Of variance forもhis data proved to be sig－  

nificant for boもh temperatur¢and chlorinity（Table 2）．The rdationship betw朗n tOtai  

hatch（TH％），temperature（T Oc）and chlorinity（C‰）was expressed by the second  

Order equation：  

TH＝ニ】119．9189十21．7520T－0．5666T2」－6．2776C剛0．8047C2－0．2393TC  

ダrom this equation，the response surface was construcもed and shown as theisopleths of  

percent for a selectedlev81such as80，70，……… and20％（ぎig．1）．The hiかesもPerCent  

was89．8％at19．OOc andl．1‰（point Sin Fig．1）．Changesin theもwo variables，both  

increases and decreases from these vaiues reduced tbe percent of toね1hatch．Slight  

rotation of the surface axesindicated the possible exist8nCe Oぎinteraction efぎects of  

＊ Formula for the salts：NaC128．17g、MgC122．55g～KClO．77g，CaC121、20g、   
Mg・SO。3．50g，NaHCOさ0．22g．waも肝tOl，000ml．Cl＝20．127％0．   
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the two variables；With decreasesin temperature，a high percent ofilatCh was main－  

tained ollly when coupled with increascs in chlorinity. 

T8bl¢1．Totalpercent or ayu eggsincubated at54temperature and salinity combiations  

Chlorirlity（‰）  ′「  
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104 24．0 134  

127 72．4 122  

】75 77．7 189  

108 72．2 275  

57 68．4 136  

i30 46．2 ユd2  

23i65．4  

3射 7i．∂  

165 81．2  

54 72．2  

132 80．3  

7162．0  

140 57．9  

i20 6S，7  

73 72．6  

148 74．3  

104 65．4  

86 65．1  

289 39．1  

477 61．2  

6173．8  

110 70．9  

360 68．6  

8頑 40．5  

95 54．7  

2i4 7凱9  

185 74．6  

47 85．1  

297 81．8  

244 63．1  

26 194 80．4 129 86．8  

23 228 64．5 233 80．3  

20 158 77．8 167 B2．0  

17 145 80．7 169 80．5  

14 196 75，0  90 72．2  

11 2（）2 64，g 16153．4  

N：numb即Or eggS uSed．TH：perCent Or tOもalhatch．  

T8ble 2．Analysis oぎvariance ror data o∫percenも0ダtotalhatch  

MS  F  SS  l〕ド  Source  

18，228．04  13  i，402．16  7．55’’  

9，062．43  5  1，812．49  9．76‥  

でreatments  

Temperaもure  

Chlorinity  

RegrQSSion  

Linear  

Quadraもic  

Remainder  

Residual  

Total  

1，145．70  6．17‥  9．165．61  

7，612，82  

柑，473．84   

141，38  
7，42臥74  

41，973．09  
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Asterisk：Significant（…p＜0．01）．  

Percent of vi8bLe hatch   

The perc8nt Of viablo hatch varied between O and83．7％（Table 3）、The results of  

analy8is of variance sho那dijtもユe difference from those of the totaユhatch（Tab叢e 4）・  

The fitted equation was：  
VH＝・－94．32′15－ト18．6927rr←0．：1877rl「：－1－5．1122／1C－1．11004Cご－一0．1－182′rC  

where VH＝PerCent C＞f viable hatch．The highes七percent was86．0％atlg．00c and O．9％0  

（Fig．2）．The highest percent salinity combinatiorlS for the maximum percents of total  

and viable haもch coincided with each other．   
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Fig・1・Response surrace showing the  
isopleもhs of percent or totalhatch  
in rlation to temperature and  

Chlorinity．  

0  2  4  6  8  

Ch10rinity（％0）   

Fig．2．Response surface showing the  

isoplethsoぎpercentorviablehatch  
in relation to もemperature and  
Chiorinlもy．  

T8ble 3・Percent of viable hatch of ayu eggsincubated at54temperature and salinlty  
combinations  

T  Chlorinity（‰）  

（℃） 0  1  2  3  4  5  6  7  B  

26  77．8  83．7  53．7  62．3  52．1   17．0  6，2  0．0  0．0  

23  61．5  78．0  76．1  68．0  62．5  38．6  45．7   13．0  0．0  

20  75．3  77．8  7ユ．9  80．0  71．2  68．9  67．5  39．7  9．O  

i7  80．7  78．1  83．0  70．4  71．6  65．5  73．6  35．0  16．5  

14  73．5  70，0  76．S  78．0  63．5  64．2  50．0  26．5  2．6  

11  62．9  49．7  56．j  58．1   10，7  7．1  （）．7  0．0  

Table 4．Analysis of variance for data of percent of viable haもCh  

Source  SS  DIr  MS  ダ  

TreaもmenもS  

Temperature  

Chlorinlもy  

Regression  

Linear  

Quadratjc  

Remainder  

Residual  

Total  

37，117．83  13  2，855．22  22．47‥  

6，859．20  5  ユ，371．84   11．30…  

30，258．63  8  3，782．㍊  31．16≠－  

26，151，98  

10，305．70   

660．15  

4，855．26  

41，973．09  
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13，075．99   102．91‥  

3．435．23  27．03…   

13．75  0．11   

12ユ．38   

Asterisk：Signiricant（＊犠p＜0．01）．  
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Time to50％hatch   

The date varied between6．5and26．2days at allexperimentalcombinations where  

llatCh occurred（T乱ble5）．Analysisofvarianceforthese data proved to be si即ificanもfor  

temperature only（Table 6）．The relationship between time（D days）and Temperature  

けOc）was expressed by the third order equation：  

D＝88．72240…9．06549T＋0．35338T諾…0．00483T3  

The response surfacein Fig．3 showed the time wasinversely and exponentially related  

to temperaturQ，and the slope was steep at thelower temperatures・The point or bending  

was found at orin thQ Vicinity of18℃－From the equation，tIle Q川Values above and  

below the point was calculated at2．09and3．14，reSPeCtively・  

T8b‡8 5．′rime（days）to50％haもCh of ayu eggsincubated at54temperature and salinity  

combinations  

Chlorinity（‰）  

0  1  2  3  4  5  6  7  

26  6．6  6，6  6．5  7．4  6．7  7．7  7．3  7．4●  

臥0  7．8  8．5  

10．7   ユ0．5  10．9  

12．6  13．3  12．7  

16．7   18．7  17．9  

24．4   26．3   25．5＊  

23   8．0  7．9  7．7  9．3  7．8  9．3  

20 10．1   10．5  10．4  10．3  10．1   10．1  

17  12．2  13．1   12．8  12．5  12．6  12．8  

14 18．8  17．0  19．2  16．8  17．9  18t6  

11 25．7  24．7  25，4  24．9  26．2  24．7  

旺e analysis or  Figures showingもhe r叩1acement ror missing values to calculate  

variance ror cross class汀icaもion．  

Table 6．AnalysIS Of variance ror data ortime t050％hatch  

MS  F   SS  i〕ド  Source  

TreatmenもS  

Temperaもure  

Chlorinity  

Regression ror temperaもure  

Linear  

Quadratic  

Cubi（：  

Remainder  

Residual  

Total  

429，57 1，204．45♯嶋  

0．35  0．98  

1．937，78  5，433．29ヰ≠  

198．射  556、33★■  

9．94  27．87…  

0．85  2．38  

0．36   

2，147．朗  5  

2．79  8  

1，937‘78  1   

柑8．41  1  

9．94  1   

1．70  2   

14．27  40  

2，164．90  53  

Asもerisk：Significant（書事p＜0．0り，  
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Fig．3．Response surface showing・theもime to50％hatchin relaもionも○もemperaもure，  

Discussion  

Responses of the teleosts堵g tO Chan即ー唱temperature and salinlty Varies widely  

witilthe speciese（KINN】三1963，1964）．In the present species，HIGU托AS川（1924）and  

I′1、O eとα∠．（1971）notedin r曙ard toもhe effect of temperature that hatc】10CCurred safeIy  

Wit最n the ranges oflO toユ9℃and12．5to20．3℃，reSpeCtively．AndI′l、O e£αg．（1967）  

not¢d concerning salinity that hatch occurr¢d only atもhe chlorinitylower than 8％0，and  

suggested that the best conditions for hatch were O tol％0．0ur resul毎in which the  

hatch occur at almost alltest¢d combinations of temperature range ofll．O to26．0℃and  

chlorinity ra咽e Of O to 8％0，are Wellin accordance with their descriptions，and newly  

propose that both the maximum perc紺tS Of totaland viable hatch（∠．eりOptimum）may  

befound to be at a temperature orlg．0℃when combined with chlorinity ofO．9も01．ユ％0．  

Tho optimum temperatureis nearly equalto th¢river watQr temPerature at the time oぎ  

ぎertilization   

On the time to hatれIl】（コUiモASm（1924）reported that七重Ie days were15，20and30  

after fertilization wh馴1the eggs wereincubated at temperatures of18，15 andlO℃，   
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respectivdy，and th紺Su紺eSted thatもhe tim8WaSinversdy and exponentially related to  

the temperatures・Itis also a matもer of common knowledge，aS reViewed by BLAXTER  

（1969），that the Ql。Values were higher at thelower temperature・The ayu eggsin the  

present study follow these relathionships・On the othcr hand・the effect of salinity on  

the time to50％hatch was statisticallyinsignificant wは1inもhe hatchable range of喝gS・  

Th¢Sam¢effect has been r叩Ort¢d on amago salmon O几COr毎花C触ぶmαぶ0罷mαCrOぶ£om昆ぷ  

（LopES eとαg．1985）and Pacific herring CZ哩eαpαZgα占£（ALD†三iえDTCE and VELSEN1971）・  

while some acceleration or retardation of tho time in changing salinitiies has also been 

reported on§eVeralfishes，SuCh as English sole Parqph77S UetLtlus（ALDElⅥMCE and  

FoRRESでER1968），threeline grunt Pαr叩デ～ぶ毎omαけ∠gよ花eα£昆m（KAS‖l、VAGIe己α～・1984），  

Atlantic herring CZ岬eαたαre喝昆ぶ（HoLL‖〕AY and B】。AXlrER1960），Pacific cod（プα血5  

mαCrO呼んαg“S（FoIⅦES′】1ER and Ai。D‡ミ】ミDICE1965，Ai一．D】ミRn‡CE and FoRR－∑STER1971b），  
petrale sole Eqpsetta jordani（Au〕】工IWICE and FoRR洪門Ⅶ一号1971a），red sea bream  

（Aposl℃LOPOU‡ノOS1976）and yellowtaま1flounderエgmα花dαかr噌g花eα（LAURENCE and  

Hol柑LL1981），itis g¢nerally seen that the efぎect of salinityis smallin comparison  

with that of temperature（Bl．AXrrl三R1969，HoIJLIDAY1969，RoTllr；NTH＾LIJand A】JDrmi二）fCjミ  
1976）．  
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