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Respo！1SeS Of eggs or tlle thl・eeline grunt，Pαグ叩Jig～～po椚αけfJわJeα～混翻，tO a Series of  

tempel・ature・Salinity combinations were measured for percent of tota】hatelling and rate  

OrdevelopIⅥentin atemperature ran即Of12岬32Dcand asalinity range of29．0…36．2‰．   

‡－Iatc】ling oceurred；lt temperatureSI・angi昭一rom18 to 28やC co王れbined with  

Salinitiesl・モInging from31．O to36．2‰．Response surface analysis suggests that tIle  

maximum hatching percent（g▲ゼリOPtinlum）may be found at22．4dc and34．2‰，an（‡班at  

thei50Pleth of9（〕％hatchingis bounded on temperature5 0f19．5and 25．40c and on  

Sa】；nities of32．1and36．3％0．The tllreeline grunt eg郎‘lre COnSidered to be steno・  

thermaIand stcnohaline．Thc surfacc alsoindicates the possible existence of alow／  

Iow－hig‡l／highiれteriletion between the two va王tial）les．  

Time required to50％hatching varied betlVeel115．O and 46．8‡lrS（about17and  

∠19】1rS after fertilization）for the combinat；ons within which the ra咽e Of hatching  

OeCurred．11】1elime wasinver＄eIy and exponenti払‖y related to temperature．Tlle  

regl、eSSionline foI・plotsJ8g time against tenlperatu】・eS CO！lSisted of the two straight  

COm朋OnentS，iIlte王・SeCtingin 痛e vicinity of temperalure at the time of spawning．The  

V～11ues or temperature c】1araCte】・istics such as払o and 〃 Were higher at the】ower  

te－ⅥPer壬ItureS．The effects of sali】1ity on tl】e time to】1atCllir嶋Were Sma＝in compat  

l・isonlVith those or Lempe王▼ature，though bot！1theincI－eaSing and decreasing from32．6  

％o have a ten（】ency to produce a p】tOgreSSive retardati（）n Of the development．Little  

jnteractioIleffectlVaS Seen b（さtWeen the two val・iable盲．  

Of the time neccessary fo‡t the aモモainment of various developmenta】sta卵S，eaCh  

regressionlineinlhe relationsllip be抽een time andとen叩erature WaS eSSentia＝y paral王el  

to thaとOf the time to50％】latChin臥 Thel・ate of differentiation up to】1atC】ling seems  

to be governed bさ70ne prOCeSS throug！10ut．  

Key wo「ds：temPerature，S董lIinity，fish egg，development．three王ine grunt，  
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Temperature and salinity are factors which may havea major effect on the develop・  

ment of estuarine and marine teleosts（K王NNE1964，BLAX・rER1969，ALDERD王CE1972）．  

However，the effects of these variables on their early development have been studiedin  

only aIimited number of species．This paper presents such data for the threeline grunも  

Par叩Jistipoma tri［ilZeat2Lm（T‖いtBERG）（Pisces：Haemulidae）．  

The threeline gruntis distributedin the watersoff eentraland sourthernJapan and  

furnishes animportant catch for fisherieslocated there．Although great hopes are placed  

in this species as a new subject for artificialseed production，few studies have been  

made ofits early development．Papers which have been published refer mainly to the  

externalfeatures of embryonic develompent at normaltemperatures（KÅMIYA1922，YASUDA  

e孟αJ．1962，M汀01963）．  

The present study w＆S designed to determine the perLCentS Of totalhatching and  

rate of development of the threeline grunt eggs at various combinations of temperature  

and saliTlity．  

Materials and Methods  

The present workwascarriedoutinJune1983atourFishel、ies Research Laboratory  

in Ago Bay，Mie Prefecture．Fertilized eggs were collected soon after naturalspawning  

by adult fish，49females and23males，in an outdoor concrete tank（5．Ornlo咽×2．Om  

wide xl．Omdepth）．  

First，a preliminary experiment was conducted on eggs co11ected onJune13，in  

18 combinations of temperature and salinity，ranging froml芦 to 320cin 4¢c  

intervals and from29．O to36．2％oin3．6％ointervals，reSpeCtively（Tablel）．At spawnin払  

water temperature and salinityin the tank were21．88c and33．4％0．An average of32  

eggs were putinto each30mm diameter test tube with50mlwater．A set of the three  

tubes of each test salinity was placedin the six test temperature baths，COnStantly  

COntrOlled by heaters and eoolers with thermostats．After the tubes had deeninserted，  

about15 minutes were required for waterin the test tubes to reach the desired  

temperature．Theeggs at the beginning of the experiment were at the16－Cellst∂鳩e  

of development，about two hours having passed since their fertilization（PlateI－No．51  

The totalhatchir嶋perCent WaS deterrnincd for each combination．  

Our second main experirnent was done on eggs collected onJune 20，in 24 com・  

binations of temperature and salinity，ranging from18to280cin20Cintervals and from  

30．8to36．2％oinl．8％ointervals，reSpeCtively（Table2）．The choice of these values  

was based on the re5ults of the formeIlexperiment．The water temperature a11d salinity  

at the time of spawning were21．50C and33．4％0．The egg diametelY at the16－Cell  

stage was O．84±0．02mm．Two sets of four test tubes of each salinity，COntaining an  

average of35 eggs each．were placedin the six test temperatures．When the tubes  

were checked every two hours any eggs which had sunk were considered dead and were   
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removed．Two replicates of the totalhatching percent and time to50％hatch主ng were  

determined．Response surface techniques were employed to dbscribe the relationship  

betweerltempCrature，Salinity，hatching percent andtimeto50％hatching（ALDERDICE1972）．  

One other set was also providedin the main experimerlt tO determine the attainment  

time of various deveIopmentalstages．For this，about200eggs wereinitially placedin  

each test tube，after which about ten were removed every two hours for observation  

and were not repl＆Ced．  

The highest salinity of36．2％oin allmainexperimentswaspreparedby mixingnatural  

sea water（33．4％0）and synthetic sea salts，and thelower salinities were obtained by  

dilution with fresh water．No aeration was usedin anyincubations．  

ResuLts   

Percent of totaL hatching  

TablelsholVS the resuIts of the preliminary experimentin which hatchi哨OCCurred  

Tab】el．Total】1atChi礪PerCent Of threeline grunt eggsincubated at18とemperature・  

salinity combinations  
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only at temperaturcs of20，24and280C combined with salinities of32．6and36．2％0．  

工n the main experiment，the hatching occurred at almost au temperature・Salinity combi・  

nations employed（Table2）．At the same combinations，the results coincide with each  

other（Teble3）．The results of the analysis ofvariance forthe datain Table2indicate  

that the hatching does depend on temperah＝、e，Salinity and thei王、interaction（Table4）．  

Itis evident that the development to hatching wasinhibited at thelowest temperature  

（180c）combined with both the highcst andlowest salinities（36．2 and 30．8％0），and at  

the highest temperatul・e（280C）with a11salinities．  

According to ALDERDICE and VELSEN（1971），the relationship between temperature，  

salinityandhatchingpercentcanbeexpressedbya second order polynomial（linear model）．  

Hence，in this work，the same calculating procedurewas followedforthedatainTable2．   
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Table2・Totalhatching percent of threeline grunt eggsincubated at24temerature・  
salinity combinations  

34．4  32．6  30．8  ％qSalinity   36．2  

Temperature（Oc）   

l）  Ⅰ二  N  （）N（）  

25  4．0  30  

28  0．0  25  

32  100．0  48  

33  100．0  35  

19  100．0  31  

20  100．0  32  

33  97．0  25  

44  72．7  37  

93．3  47  89，4  

76．0  37  89．2  

97．9  38   97．4  

94．3  45  93．3  

96．8  31 100．0  

93．8  39  61．5  

92．0  2ユ  100．0  

86．5  19  96．6  
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42   95．2  30  1（）0．0  24   95．8  

30  66．7  21  90，5  37  56，S  

35   48．6  23  ユ7，4  35  

46   32．6  27  11．1 38  
17．1  

5．3  

D；designed】evel．  E；eXPerimental】evel（meanニヒs．d．）．  

N；number of eggs used．H；hatehing percent．  

Table3－ Ånalysis of variance for difference50f data between Tablesland  

2 aとSame temperature・5alilliもy colⅥbinaとions＊   

F   S（）Ul・C（l  SS  

TreatnlentS  50．02  

Residua1  12，915．86  

Total  12，965．88  

MS  

50．02  0誹NS  

l，291．59  
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＊Temperature；20，24 and280c．salinity；36．2and32．6％0．   

NS；nOt Significant．  

Tab暮eヰ．Analy5is of variance for datain rrable 2  

S（川rCぐ  SS  D王r  MS  F  

TI・eatments   

Temperature  

ズ11主near  

ズ芋quadratic   

Sal；nity  

∬認1iれear  

最quadratic   

Interacとion  

．rl．Tご  

Residual  
Total  
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5，676．49  
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21，019，08  

5，397．79  

7，257．80  

8，602．81   

857．80   
429．13   
136．95  

1S．24＊寧  

41，45坤＊  
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53．00睾♯  

62．62＝   

6．26＝   

3.1.7NS 

＊＊highly si脚ificant（p＜0．0Ⅰ），NS；nOt Si卯ificant．   
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The fitted equation was  

Yこニ104．98…2．80霊l＋5．50ズ2仰2．10∬亨  

…3．35∬…」－0．55ズ1∬2  

whereY＝perCentOftotalhatching，Xl＝COded  

levelof temperature：meaSured value鵬23，  

a11dズ2＝COdedlevelof salinity：（measured  

value－33．5）／0．9．  

The response sul・face calcuhted from  

血e equationisillustratedin Fig．1． The  

maximumhatching（g．eりOptimum）was estimaト  

ed to occur at22．40c arid 34．2％． The  

isopleth of90％ hatching was bounded on  

temperatures of19．5 and25．40C and on  

salinities of32．ユand36．3％0．Slight rotation  

of the surface axes indicated the Dossible 

existence of interaction eEfects of the two 

variables：Withincreases（or deereases）  

in temperature，a high hatchi咽perCenモi5  

maintained only when coupled with inereases 

（or decreases）in salinity．  
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F痩．1．Re5POnSe Surfaee showing theisopleths  
of totalhatehing percentin relation to  
temperat11re and 5alinity．The gl－and  
g2仙aXeS are the geometric axes of the  
surface．  

Rate of deve［opment   

Time to5O％hatching：The data varied between15．Oand46．8hours（about17＆nd  

49hrs after fertilization）at the24temperature・Salinity combinations（Table5）．The time  

Table5・Time to50％hatching of threeline grunt eggsincubated at24tcmperature・  

sa】inity combinatio！1S  

％o Saiinity  36．2  34．4  32．6  30，8  

Temperature（Oc）  
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18 1S．4士0．2  

20 19．7土0．7  

22 21．9土0．1  

24 24．2士0．1  

26 25．9ニヒ0．8  

28 28．4±】．0  

D；（iesign・E；XPrimental】eveI（mean士s・d・）・N；numberoflarvaehaとehed・  
＊lミeplacement for mlSSlng Values to calcu主ate analysis of variance for eross   
classification．   
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depended significantly on temperature and salinity butinsignificantly on theirinteI・aCtion  

（Table6）．The fitted second order polynomialwas  

Y＝＝24．74－3．00れ＋0．1翫綾＋0．25方誉－ト0．06∬茎  

Tab】e 6．AnモIlys；s of variance for datain Table 5  

SS  DF  MS  F  

rrreatmer血  5，390．34  234．36  447．68＊♯  

1，075．32  2，054．10＊＊  

5．049，60  9，645．85…   

309．43  591．08＝  

2．42  4．63＊媚   

Jl．】6  7．94＝  

2．71  5．17＝  

0．4：き  0．82NS  
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Temperalure  5，376．6（〕   

ズIlinear  5，049．60   

ズ雷quadratie  309．∠】3   

Salinity  

ズ11inear  

∬…quadratic   

Imteractiorl  

Residua】  

Total  

7．27  

4、16  

2．71  

6．47   

10．47  

5，400．81  

＊significant（p＜0．05）． ＊＊highly si針ificant（p＜（）．01〉．NS；nOt Signifieant．  

×   

ノ  
17．5一㌦‾  

20  

25  

30  

35  

ろ0  

ん5  

where Yニtime to50％hatching（hrs），and  

xland x2＝codedlevels of temperature and  

Salinity the same as the case of totalhaト  

ching percent mentioned above．The time  

associated with the maximum hatching at  

22．40c and 34．2％o was calculated to be  

26．8hrs（about29hrs after fertilizaとion）．  

The response surfaceis Ⅲustratedin  

Fig．2．The time to 50％hatchir嗜WaSin・  

VerSely and exponentially related to tempe・  

ratul・e：the higher temperature，tlle ShoItter  

the time and the higher the density ofiso－  

pleths．Generally，the relaとionship between  

the time to hatching r7つ and temperature  

rβノcan be expressed by alinear equation：  

gog rニα鮒ゐ玖 whereαandあare constants  

（H王GUlモASHland TAUCHl1925）．In the case of  

the present data，the regressionline at each  

Salinity was not the simple but the two  

stl・aight eomponents，intersecting at orin the  

vicinity of220c（Table7and Fig．3－王1s。）．  

such as Q川and／JWere higher at thelower  
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Fig・2・Re叩OnSe Surface si10Wing t‡1ei＄Op】et！1S  

Of time to50％h紬壷畷‖椚）in re】a．  
tion to temperatureand5‡llinity．The gま  
－aXisist】－egeOmetric axisof t】1e Surface．  

The vaIues of temperature char三ICteristics  

than at the higher temperatures（Table7）．  

The temperatureintersected was nearly equalto that at the time of spawning．   
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Table7．Va】ues of constants and temperature characteristies for relationshi王）  

モ）etWeen time to50％】1鋸ほhing and temperature  

1、e叩erature  Below22ゆc  

Salinity  Constants＊  c】laraCtel・istiごS   

（％0）  （エ  ム  Ql。  メノ  

36．2  2．767   0．060   3．98   22，93】   

34．4  2．902   0．067   4．68   25，621   

32．6  2．823   0義063   4．27   24，099   

30．8  2．873   0．066   4．57   25．226  

Above 22Cc   

Constan亡S鞭  Characteristics   

α  ム  QIP  〃   

2．134   0．035   2．24  13，389  

2．228   0．036   2．29  13，755  

2．249   0．037   2．23  14，114  

2．136   0▲033   2．14  12．630  

＊Jog（time）ニα仙ム（tenlPerature）．  

On the effects of salinity，the suユーfacein Fig．2showed that tile time to】1atChing  

was theshortest at32．6％oin alltempcratul・eS，and tended tolag behind gradually with  

both theincreases and decrcasesin sa】inity．However，the changesin salinity obviously  

were oflessinfまuence than tllOSein te‡11Perature．  

Time o†attainment o†variousdevelopmentalstages：Tlle（†Xte川こ11［tIこItureゴ Or  

noI、malembl・yOIlic development of the fis】1aI・e5holⅦin PlateI．WI】ile the findingsin  

Platela王・e Ofiittle differenee fl、Om t】10Sein tllel・ePOrtS by KAれ＝YA（1922），YJISUDA（わ  

（ヱ～．（1962）a】1d M汀0（1963）lVllO have observed tlle Same SpCies，Oul▼ findiⅥ虜S OffeI－ a  

mol暮e detai】ed description of Hle development．  
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Time neccessary for attainment of various developmentalstages atthe24temperature・  

salinity combinations are displayedin Fig．3．The regressionlines for the relatioship  

between the time and temperature arei11ustratedin Fig．4．In Figs．3and4，theresults  

of time to50％hatching above・mentioned  

para11elwith each other．  

are also shown． A111ines were essentially  
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Fig．4．Relationship between time of attainment of various developmentalstages aTld  

temperature at each salinity．The stage number：10；middle gastrula，  
11；late gastrula，15；Pigments appearance，H50；50％hatching．  

Discussion  

Tolerance of teleost eggs to changing temperature and salinity varies widely with  

the species（KINNE1963，1964）．In the present study，hatching of the threeline grunt  

eggs occurred at a temperature range of18－280C combined with a salinity range of  

31．0－36．2％0．Theisopleth of90％hatching was bounded on temperatures of19．5and  

25．40c and on salinities of32．1and36．3％0．These tolerable ranges are considerably  

narrower than those of red sea bream Pagrus major（AposTOLOPOULOS1976），Whichlive  

in the same water region as the threeline grunt．On the basis of descriptions by KINNE  

（1963，1964），it can be concluded that the threeline grunt eggs are stenothermaland  

stenohaline．Theinteraction between the two variables，that a high percent hatching   
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is maintained at the higher（orlower）temperatures onlycorhbinedwithhigher（orlower）  

Salinities，is equalto the’’beneficialeffect oflow／low・high／high combination”of factors  

reviewed by KINNE（1964）and ALDERDICE（1972）．   

KAMIYA（1922），YASUDA elaL（1962）and M汀0（1963）noted for the same species  

that the hours to hatching were  

Wereincub阜ted at temperatures  

tively．Our results are we11  

temperature．Itis a matter of  

the time to hatching of teleost  

temperature within the thermal  

22・5，28．5and38hrs after fertilization when the eggs  

Of24．8－27．50，21．8－22．3D and17．2－20．30c，reSpeC・  

in accordance with their results at each comparable  

COmmOn knowledge，aS reViewed by BLAXTER（1969），that  

eggsisinversely and exponentially related to theincubation  

tolerancelimits of the species．Thethreeline grunt eggS  

also follow this relationship．  

The form of the regressionline for plots oflog time against temperatures varies  

in kind with the fish species，and generally，the values of temperature characteristics  

SuCh as QlO and Flare higher at thelower than at the higher temperatures（BLAXTER  

1969）．The phenomenon that the two straightlinesintersect at a certain temperature  

has been reported formerly on Atlantic mackerelScomber scombrus（WoRLEY1933．）and  

recently on bastard halibut Paralichlys olivaceus（YASUNAGA1976）．However，the cause  

Or physiologicalmechanism of this phenomenon has yet to be clarified．Much depends  

upon future multilateralstudies．  

Changing salinities，bothincreasing and decreasing from32．6％0，have the tendency  

to produce a progressive retardation of development of the threeline grunt．The same  

effect has been reported on English sole Parophrys velulus（ALDERDICE and FoRRESTER  

1968），While some accelerationin high salinities has been done on Atlantic herring  

Clupea harengus（HoLLIDAYandBLAXTER1960），Pacific cod Gadusmacrocephalus（FoRRESTER  

and ALDERDICE1965，ALDERDICE and FoRRESTER1971b），petrale sole Eopsella jordani  

（ALDERDICE and FoRRESTER1971a），the red sea bream（AposTOLOPOULOS1976）andye1lowtail  

flounder Limandajbrruginea（LAURENCE and HowELL1981）．On Pacific herring Clupea  

Pallasi，nO Clear relation has been observed between time and salinity（ALDERDICE and  

VELSEN1971）．In any case，itis certain that the effects of salinity on the rate of  

development are smallin comparison with those of temperature（BLAXTER1969，HoLLIDAY  

1969，RoTHENTHALLand ALDERDICE1976）．Further studies may be needed to determine  

the synergestic effects of salinity combinedwith other factors（e．g，，dissoIved oxygen）  

as suggested by KINNE and KINNE（1962）and KINNE（1964）．  

On the time neccessay for attainment of various stages，Our reSults showing that  

each regressionline for the relationship between the time and temperatureis essentially  

para11elto that of the time to hatching，agreed with those obtained on the Atlantic  

mackerel（WoRLEY1933），the bastard halibut（YASUNAGA1975）andthe yellowtailflounder  

（LAURENCEand HowELL1981），and strongly support WoRLEY－s suggestionthatthe rate of  

differentiation up to hatchingis governed by one process throughout．   
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12  

E：xplanation of PlateI  

Embryomic deve王opment of threeline grunt eggsincubated at temperature of 23．3  

± 0．50c and salidinty of33．4％  

Stage and  
Micrograph   
Nurnber  

Time after  

fertilizatjon  
Developmental stage 

1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 
9
 
1
0
 
1
1
 
1
2
 
1
3
 
1
4
 
1
5
 
1
6
 
1
7
 
 
 

Ferti！ized egg  

2－eel1  

4－Cel1  

8－Ce11  

16－eell  

Early morula  

Late morula  

Blastula  

Early gastrula  

Middle gastru）a  

Late gastrula  

Embryonic body formation  

KupFFER，s vesicle appearance  

Myotomes formation  

Pigments こIPPeranCe  

Heart pulsation commencement  

Newly hatchedIarva＊  

50 min  

lhrlO min  

lhr 30 min   

2 hrs   

3 hrs   

4 hrs 30 min   

6 hr5 30 mir1   

7 hrs 30 min  

8 hrs 30 mi11  

10 hrs 30 min  

11 hrs 30 min 

12 hr5 30 min  

1311rS 30 min  

15 hrs 30 min  

20 hrs 30 min  

24 hrs   

＊ totallength；2．22士0．07mm．  
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