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ABSでRACT  

The environmental control on an animal population in 

the field wasinvestigated using a zooplankton species，  

interrnedia． The growth ofindividualanimals was  NeomysIS  

Particularly emphasized・ The study was conducted using the  

approach of experimental ecology in the hypereutrophic 

lake，Lake Kasumlgaura，andin thelaboratory．  

The observations rnade in the lake revealed the   

f0110Wing three new ecologlCal characteristics of the   

SPeCies． （l）N．intermedia showed conspicuous diel   

Vertical movements at all growth stages throughout the   

Year・The mYSids concentrated near thelake bottom during   

the daYtime and dispersed throughout the whole water column   

at night，and the movement timing closeLY COrrelated with   

SunSet and sunrise．（2）The distribution of the mysids was   

uniform over the whole lake area from offshore to the   

nearshore reglOn throughout the year．（3）Frequent weeklY   

SamPlings revealed that there were two bursts of N．   

interrnedia populationin spring andin fall，reaChing rnore  

thanlg，gggindividuals per m20r5g drY Weight per m2・  

Mysid densitY eXtremelY decreasedin summer andin winter  

toless thanlggindividuals per m20r g．g5g drY Weight  

2 
per二m．  

Theindividualgrowth of the post－embrYOnic mYSid can   

be visualized from three aspects of the growth pattern；the   

initialand the rnaturation body welghtsr and the growth  
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rate・  The cohort analYSis of the tw0 0VerWintering   

POPulations and 5 spring cohortslreCOgnized over a 2－yr  

Period．gave the in situ growth of N．  intermedia at the  

POSt embrYOnic stage・Increasein body weight was almost   

exponential with time，and the specific growth rate  

deterrnined varied between g・ggland g・16（day－1）r which  

Showed a strong correlation with temperature． The average   

Size of newbornindividuals was consistent regardless of   

SeaSOnS，but the average maturation size was highly   

temperature dependent．  

The temperature effect on the growth of post－embrYOnic  

r media was evaluated under no f00d limitation  Stage N．inte  

in the laboratorY． A negligiblY Sma11 effec・t Of   

temperature on the bodY Size of newIY released anirnals was   

COnfirmed，and aninverse relationship between body size   

and temperature was also confirmed．Individual N．   

interrnedia showed a rectilinear growth pattern against time  

at every temperature，both in bodY length and in10g－   

transformed bodY Weight． The growth rate at the post－  

embrYOnic stageincreased exponentially with Qlg Of 4・6  

from g．g18day－lat30c to g●21day－lat2gOcinコuVeniles′  

and with Qlg Of2・7from g・gg6daY－lat30c to g・g5daY－l  

at250cin adultsincluding rnales and females・The dailY  

reproduction rateincreased exponentia11Y With Qlg Of 3・2  

from g・gg9day－latlgOc to g・g5day－lat250c・The growth  

rates determined at different temperatures in the   

laboratory wereidenticalto thosein the field，Which  
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confirmed that the growth rate of N．intermedia was   

Primarily contro11ed by temperaturein the field・  

Thelarge temperature dependency of the growth of   

N．intermedia was further investigated in terms of  
■■■‾  

metabolic activities；ingestion，egeStion′ m01ting，   

resplration， and leakage／excretion．  The rates of   

growth，ingestion′ egeStion，and molting allshowed a   

large temperature dependency．   However，the rates of   

respiration and leakage／excretion were lesser affected by   

temperature． Due to the sma11allocation percentages of   

the assimilated materials for the molting and   

leakage／excretion，their effects on the growth process can   

be lgnOred． The strong temperature dependency of the   

growth rate of N．intermedia then mainly resulted from the  

large temperature dependency of the ingestion and   

assimilation rates，and furthermore．from the amplified   

effects created bY the differencein temperature dependencY   

between respective metab01ic activities．  

The temperature effects on theindividualgrowth of N．   

intermedia can be surnmarized as follows；theinitialbodY  

Welght had no temperature dependency，and the maturation   

bodY Weight and the specific growth rate both had  

temperature dependencies of Qlg ＝l・7 －1・8and Qlg ＝4・6，  

respectivelY． The maturation time，Which reflected the   

COmbined effects of the three growth aspects mentioned  

above，had then the greatest temperature dependency of Qlg  

＝ 5．4．  
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CHAPでER I  

GeneralIntroduction  

Thereis a tremendous number of populations on the   

earth． These populations are believed to be under the   

contr0l of various environmental factors which include   

both biologlCal and non－bi010glCal parameters．In order   

to continue to exist，the population must have a zer00r   

POSitiveincreasing rate． Otherwiseif the population has   

a negative increasing rate, it will become extinct with 

tirne． Allpopulations should have their own survival   

StrategY for existence against environmentalpressures．  

Theincrease of an animalpopulationis supported bY   

the growth of individual organisms which constitute the 

POPulation． It is therefore essential to analyze   

individual growth under naturalconditions，and study the   

environmental controlling mechanisms on growth in order to 

understand the maintaining mechanisrns of an animal   

POPulation．The individual growth of a glVen animal   

SPeCiesis controlled by various environmentalparameters．   

Among those parameters，temPerature and food availabilitY   

are considered to be of greatirnPOrtanCe for growth．  

LaboratorY grOWth experiments on marine copepods   

indicate that the growth rate is proportional to food 

COnCentration to some extent （Paffenh8fer，1976；   

Paffenh8fer and Harris，1976；Harris and Paffenht）fer，  
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1976），andis stronglyinfluenced by the qualitY Of food   

（Mullin and Brooks，197g；Paffenhbfer，1976）． Under a   

condition of no food lirnitation，the growth rate of   

copepodsincreased with anincreasein temperature（Mullin   

and Brooks，197g；Landry，1975）． Recently，Vidal（198ga，   

b）found the combined effects of both food concentration   

and ternperature on the growth of two species of rnarine   

Planktonic copepodsin alaboratorY．  

Under naturalconditions，the respective effects of   

temperature and food on the growth of zooplankton vary   

SPaCially and tempora11y． For example，in tropICaland   

Sub－trOPICalwaters，Where temperature varies within a   

Smallrange， the growth of zooplanktonisintensively   

affected by food concentration（e．g．Elmore．1983）． On   

the other hand′ temPeratureis rnore effective than food at   

the higher latitudes，Where seasonal variation of   

temperature is large（e．g．Deevey，196g）and f00dis   

generallY Sufficient（McLaren，1978）．   F00d quantitY and   

qualitY，however，Often varies with temperaturein   

temperate waters，Where both temperature and food possiblY   

affect the gざOWth of zooplankton（Landry，1978）．  

A question is how these environrnental parameters   

COntr01theindividualgrowth of zooplankton under natural   

COnditions・ Such a question can be answered from a studY   

Visualizing the actualgrowth pattern of zooplankton under   

natural conditions，and experimentallY analYZing the  

environmental controlling mechanisms on the growth process 
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under defined conditions．  

In the present study the environmentalcontr011ing   

mechanism on the individual growth of a zooplankton   

POPulationin the field has been evaluated by a procedure   

Of experirnentalec010gY． A mysid shrirnp，NeomySis   

interrnedia Czerniawsky，WaS Chosen for the species to be  

Studied′ Whichis the rnost abundant z00Planktonin the   

hYPereutrOPhiclake，Lake Kasumigaura（Toda et al．′1982）．   

Field observations andlaboratory culture experiments were   

bothintensivelY COnducted for the determination of the   

environmental parameters which primarilY affect the   

individualgrowth． A particular emphasis has further been   

made on the evaluation of environmental contro10n Various   

growth processes，Which are studied phYSiologlCally under   

defined culture conditions． The content of this studY has   

been partiallY Published elsewhere（Toda et al．，1981；   

Toda et al．，1982；Toda and Takahashi，1982；Toda et al．，   

1983a′ 1983b，1983c）．  
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CHAPTER I工  

Ec010glCal Characteristics of Neomysis interrnedia  

Population in a Lake 

ⅠⅠ＿1． In七roduc七lon  

The first description of the opposum shrimp，Neomysis   

intermedia Czerniawsky，inJapan was made bYIi（1954），   

who described the morph010glCalcharacteristics of adults   

Of the species，and reported that the species was   

distributedin brackish watersin the northern part of the   

Japanese Islands．  It is now believed that Lake   

Kasumlgaura is the southern lirnit of the geographical   

distribution of N．intermedia（Murano，1963）． In the   

196gs，Murano made extensive studies on thelife history   

Of N．interrnedia，and described the morphologlCalchanges  

at the embryonic stage，grOWth rate，and the generation   

tirne under a givenlaboratorY COndition（Muran0．1964a，   

b）． However，there has been noinformation available for   

the behavior of individual anirnals， their areal   

distribution，and the temporalchangesin abundance of N．  

edia under natural conditions．  n亡erm  

Some mysid species have been known to show the diel   

Verticalmovernents associated with the changein s0lar   

radiation evenin shallow estuaries；Neomysis americana   

（Hulburt，1957； Herman，1963）and NeomySis mercedis  
二二】二    ‾■         ‾            二二  

（Heubach，1969）．In addition to the verticalmovements，  
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the heterogenous horizontaldistribution was also reported   

for those rnysids（Hulburt，1957；Heubach，1969；Siegfried   

et al．，1979）．   Furthermore，the active aggregation   

behavior was often noticed for manY mySid species． A   

Shoaling behavior was observed for 竺EEigiil竺g9i2望捷  

（Steven，1961），for 些堅婆旦9早SPenSリ（Dadswe11，1975），and  

for 堅望聖望旦主旦ユ旦望旦望三三旦 and 廻聖ヱ旦三三 SP・（Omoriand  

Hamner，1982）．  Some nearshore mysids such as  

elongata formed a zonation parallel with Metamysidops土s  

the shoreline（Clutter，1967）． Zelickman（1974）observed   

the swarming behavior of NeornYSis rnirabilisin a   

laboratory as wellasin the field． Morgan and Threlkeld   

（1982）recorded the seasonalhorizontalmigration of a   

Mysis relictain a freshwaterlake．  

In this chapter，the behavioralverticalmovements   

and areal distribution of Neomysis intermedia in Lake 

Kasumlgaura are described． The seasonalchangein   

abundance and composition of the rnYSid populationin the   

lake are then described based on the data c01lected   

frequently with special care concerning the specific   

Characteristics of behavior and distribution of the mYSid．  

II－2． Materials and Methods   

Study Area  

Lake Kasumigaura is a shallow lake with a mean depth 

Of 4 m．maximum depth of 7 m，and a surface area of168  

km2（Fig．1）．Thelake bottomis mostly mud′While some  
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Fig・1・ Geographicallocation and morphometry of Lake  
Kasumlgaura・ Dottedlineindicates depth conヒOur at 2．5 m  

intervals．  
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nearshore areas are sandy． Drainage into the lake is   

supplied from more than ten small rivers around the lake, 

andin turn，thelake water discharges through one river   

at the southern end to the pacific Ocean which is less   

than4g km away．Thelakeis approximatelylm above mean   

sealevel． The simple turnover rate of lake water is   

estimated to be 7 months． A sluice gate constructed at   

the outletin1963 stopped theintrusion of seawater into   

thelake． Presently the chlorinitY，aSSumed to be of  

rnarine orlgln′is2g－6g mg Cl・l－l・Prevailing seasonal  

Winds keep thelake water wellmixed vertica11y． Thelake   

became eutrophied in the early 19ggs， and its   

eutrophication process has been accelerated rnarkedlY Since   

1965（でOda et al．，1981）．   

C01lection of mysids  

MYSidsin a water column were c011ected bY horizontal  

tows at a speed of about g．5m・SeC－lover a distance of2g  

－4g m with an ordinary plankton net（mouth area g．1g2m2，  

mesh size 297 pm）or a quadrangular net（mouth area g．3  

rn2・meSh size63gpm）・MYSidsnear thelakebottomwere  

COllected with the quadrangular net attached to a sled．  

Mysids in a whole water column were sampled at night by 

Vertical tows from the bottom to the surface with the  

quadrangular net or a conicalnet（mouth area g．2m2，meSh  

Size493pm）in the offshore region（depth ＞ 2m），Orin  

the daytime by vertical push from the surface to the 

bottom with a macroplankton net（mouth area g．25m2 0r g．5  
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m2Y meSh size 493 pm）in the nearshore region・The  

macroplankton net is designed to close at the lake bottom 

when a string attached to the frameis pulled′ and can   

co11ect the mysids near the lake bottom（Yamamoto and   

Seki′1979）．   

TreatInent Of samples  

The samples of mysids were immediately preserved in 5 

－1g％ formalin． After September198g，SuCrOSe WaS added  

to the sample at the finalconcentration of5g g・1－1in  

Order to reduce theloss of eggs from the marsupiurn（Toda   

and Takahashi，1982）． Allindividual mysids in wh0le   

SamPles or subsamples were counted，and their wet weights   

were determined with an electrobalance after the removal   

Of excess water by absorption paper．The wet weight was   

COnVerted to drY Weight using a conversion factor of   

g．176． MYSidindividuals exarnined were classifiedinto 3   

maコOr grOuPS aCCOrding to the growth stage and sex；   

］uVenile，rnale，and female．It was further distinguished   

Whether males and females were in the rnature or immature   

StageS Whenever 

identified bY the presence of a penis or of a marsuplum，   

respectively． Males with the 4th pleopodlonger than the   

base of telson and fernales bearing embrYOS Were treated as   

adult mysids． All others which did not show sex   

Characteristics mentioned above were classified as   

〕uVeniles．  
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Determinations of environmental  PararneterS  

Water temPerature WaS meaSured with a mercurY  

thermometer or a thermistor thermometer. Light intensity 

WaS meaSured with a quantum meter（Lambda，LI－185）．   

ChlorinitY WaS determined by the Mohrls silver titration   

me七hod．  

II－3． Results and Discussion  

II－3－l． Dielverticalmovement of N．intermediain Lake  

Kasumlgaura  

Diel changes in the verticaldistributions of the   

mYSid collected from Stns・2′ 3p and6Tr representing the   

different depths（Fig．2），Showed almost the same pattern   

throughout the Year． Representative patterns are shownin   

Figs・3 and 4・In both cases7 mYSids concentrated near   

thelake bottom during the daYtime and theY began to   

disperse upward in the evening コuSt after sunsetT   

distributing throughout the whole water c01umn during the   

night・ Early next morningr rnYSids moved to the deeper   

layer and again formed a dense population near the bottom．   

Although some differences have been reported in the   

Verticaldistribution of mysids between different growth   

StageS（Beeton，196g；Herrnan，1963），the dielvertical  

movement of N．intermedia  in the present study was fairlY  

Similar at allstagesin both sexes（eXCePt thatlarge   

mature mysids tended to accumulate at deeper layers even 

9   
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Fig・2・Takahama－iriBay of Lake Kasumlgaura and sampling  
Stations（Ⅹ）． Depth contourinヒervalis 2．5 m（dottedline）・  
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during the night（Fig・4）・  

Although no actualdata are presented here，SeVeral  

following irregular distribution patterns of the mysids 

were noticed．On a dark rainY dayinJulyT a COnSiderable   

amount of mysids was collected in the water column about 

one hour before sunset，andin Februaryrnany mYSids were   

distributed at theintermediate depth of water in the   

morning． Another exceptionin the dielverticalmovement  

of mysid population was observed in a shallow nearshore 

reglOnT Where the rnysids forrned a dense swarmin winter・  

TheY aPPeared near the surface even during the daytime・  

It has been known that Light controIs the   

distribution of mysids． Heubach（1969）stated that the   

distribution of N．mercedisin the daytime was clearlY   

definedin the water column by a certain critica11ight  

intensitY（1g－5lux＝l・9Ⅹlg－7pE・m－2・SeC－1）・Thelight  

intensity at the surface of Lake Kasumlgaura WaSlg2－1g 3  

pE・m－2・SeC－1during the daytime and was expected to belg－5  

－1g－3pE・m－2・SeC－1during the night according to Beeton  

（196g）（Figs． 3 and 4）． Figure 5 shows the vertical   

PrOfiles of light intensitY and temperature in Lake   

Kasurnlgaura． Light reduced rapidly with depth，and the   

Calculated extinction coefficients ranged frorn a minimurn  

of 2．4（m－1）in FebruarY Withlow algalbiomass to a  

maximum of4．2（m－1）inJulY When blue－green algae grew  

densely． Consequently the relative light intensity near   

the lake bottom was estimated to be g．gg3 － g．9％ of the  
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surfacelightintensitylWhich corresponded to3xlg－ 3_ 

飢9ⅩlglpE・rn－2・SeC－1during the daytime・  

For the evaluation of possible relationship between  

lightintensitY and mYSid movement（the timing of diel  

movement was further examined by surface sampling made at   

short timeintervals of 3g － 6拶 rninutes． Two examPles   

obtained under short and long day conditions are shown in 

Fig．6． Under a short day conditionin FebruarY（Fig・   

6a），the biomass of mysidsin the surfacelaYer began to   

increase rapidly］uSt after sunset when surface light  

intensity decreased fromlgO tolg－5pE・m－2・SeC－1・Three  

Peaks were noticed at18：3g，midnight，and g5：gg． TheY   

almost completelY disappeared from the surface laYer   

before sunrise when surface light intensitY Sharply  

increased fromlg－5t01gO pE・rn－2・SeC－l・Under along daY  

COndition（Fig．6b），the mysid biomass in the surface   

layer also began to increase コuSt after sunset when   

SurfacelightintensitY greatly decreased． The biornass   

reached a peak at19：3gr decreased at midnightT and again  

increased at g3：gg－ g4：gg・An abrupt decreasein mysid  

biomass occurred after g4：ggt When surfacelightinヒensitY  

SharpIYincreased； a VerY Smallamount of rnysids remained  

in the surfacelaYer コuSt before sunrise・Mysids appeared  

in the surfacelayer bY18：ggin February and by19：ggin  

May，and disappeared bY g6：3gin the former and bY g4：3g  

in thelatter・Mysids appeared about one hourlater and  

disappeared two hours earlier during a long day as opposed 
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to a short day． This suggests that dielverticalmovement   

Of N．intermediais regulated by a certain thresholdlight  

intensity encountered at certain times of sunset and  

sunriser probablY betweenlgO andlg－5pE・m－2・SeC－l・When  

thelightintensitYisless than the threshold′ mySids may   

be released frorn thelight pressure and they disperseinto   

the wh01e water column． While under thelightintensitY   

higher than the threshold，mYSids are affected negatively   

by thelight and move toward the deeperlayer． Thus，theY   

COnCentrate near thelake bottomin a shallow water body．  

Bright moonlight has been considered to affect the   

Verticalmovements of mYSids（Beeton，196g；Herman，1963）．  

During thepresent study′bright m00nlight（2－6Ⅹ1g－3pE  

・m－2・SeC－1；Beeton，196g）was observedin MaY．However，  

the disturbance in the distribution pattern of N．   

interrnedia was negligibly small（Fig．3）． A sharp   

temperature gradient or warm water has also been known to   

PreVent the verticalmovernent of mysids（Beeton，196g；   

Herman，1963）． In the shallow Lake Kasumlgaura，thermal   

Stratificationis naturally sl．ight（Fig．5），and N．  

intermedia appeared in  the surface laYer eVenin surnmer．  

It seems，therefore，unlikely that the temperature   

gradient or warm water restricts the dielmovement of the   

mysidsin Lake Kasumlgaura．                                                                                    ＝  
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II－3－2． Areal distribution of N．intermedia in Lake  

Kasumlgaura  

From the samplings conducted three timesin198gin   

● the offshore reglOn Of Lake Kasumlgaura，it becarne clear   

that N．intermedia was distributed throughout thelake   

（Fig．7）． The density of mysids was highin spring and   

fall，Whileit was10Win summer． The geometric mean   

densityin spring，Sumrner，and fallwas 6．l，g．4′ and 3．6  

g dry welght per m2（reSPeCtivelyr except for the  

innermost part of Takahama－iri Bay． The10garithmic   

coefficient of variation between stations was 5g！in   

SPring，3gg！in surnmer，and 55！in fall．Itis therefore   

COnCluded that N．intermedia was fairly uniformlY   

distributed at least throughout the offshore region in the 

lake． Thelarge value of the coefficient calculatedin   

Sumrner WaS attributable to some extremelY10W densities．  

Figure 8 shows the detailed arealdistribution of N．   

interrnediaincluding nearshore reglOnin Takahama－iriBaY．                                                                                                                                           ●  

In order to make clear the seasonal change in the pattern 

Of the mysid distribution，the results were presented   

according to season regardless of Year．In spring，the   

mysid population was abundant and was distributed over the   

entire baY frorn nearShore reg10n tO the offshore reglOn・   

The mYSid population extrernely decreasedin densityin   

Summer and disappeared from the nearshore reglOn． From   

fallto winter the mysid populationincreased againin   

density and was distributed in both nearshore and offshore 
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Fig・7・Arealdistribution of N・intermedia populationin  ‾‾叫M岬  
Lake Kasumlgaura．  
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reglOnS・ A particular distribution pattern of the mysid   

WaS Observedin rnid－Winter（FebruarY）． Dense swarms of   

mysids were foundin the nearshore reglOn．Even on that   

OCCaSion，however，8g！of the mysids was stilldistributed   

in the offshore reglOn，due to the overwhelminglarge area   

Of the offshore reglOn。  

Few mYSids were co11ectedin theinnermost part of   

Takahama－iriBaY，Where ch10rinitY WaSless than 2g mg  

cl・l－1due to theinf10W Of river water． Thelow   

Ch10rinity mightlirnit the mysid distributionin the mouth   

Of the river，because high rnortalitY Of the mysid was   

Observed at such alow chlorinity by Murano（1966）．  

In some estuarine environments， mySid species，  

NeomYSis americana（Hulburt，1957）and Neornysis  edis  merC   

（Heubach，1969；Siegfried et al．，1979）showed a kind of   

COntaglOuS distribution horizontallY aS Well as   

VerticallY，Which was associated with a sharp gradient of   

environmentalparameters such as salinity，Water Current，   

and tide．In Lake Kasumlgaura，however，thereis almost l  

no or only a slight gradientin environmentalparameters，   

and then N．intermedia was distributed fairly evenlY OVer  

the wh0lelake area throughout the Year． The nearshore   

dense swarm observedin mid－Winter might be attributable   

to the active aggregation behavior of the rnYSids   

themselves．  
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II－3－3． Seasonal change in abundance and composition of  

interrnedia populationin Lake Kasumlgaura  

Seasonalchangein surface ternperature at St．3in   

198gr198lv and1982 was shownin Fig・9・Thelake water   

is well mixed vertically and thermal stratification seldom 

develops throughout the yearin Lake Kasumigaura（Cf．Fig．   

5）． Thus the surface water temperature represents the   

wh01e water column．The temperatureincreased rapidlY from   

March to June，JulY， Or AuguSt，and decreased from  

September to January. It ranged over 270C from a minimum 

of30cin winter to a maximum of3gOcin summer．  

Surface chlorinity at St．3 was nearly constant  

throughout the YearT and averaged34・g mg Cl・l－1from  

April198g to May1981（not shownin the figure）．  

intermedia at St．3  Seasonalchangein density of N．  

over the 3 years was shown in numbers and in dry weight 

（Fig．1g）． The rnYSid population showed two sharp peaksin   

a Year；in spring and fall． The maximum density exceeded  

lgrgggindividuals・m－20r5g drY Wtlm－2T but the period  

Of each peak was maintained during onlY a Short time  

period；the duration which exceeded5tgggindividuals・m－2  

0r2・5g dry weight・m－2wasl．5－ 3rnonths for each peak・  

On the other handin summer andin winter，the densitY Of  

mysid extrernelY decreased toless thanl鋸夢individuals・m－2  

0r g・g5g drY Wt・rnー2● As a resultr the annualvariation  

in mysid densitY reaChed rnore than tw0 0rders of   

magnitude．The specific rate ofincreasein biomass（dry  
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weight）of N．intermedia population was g．g38 － g．g41 ‾‾  

（day－1）in the period of spring and fa11increaser while  

the specific rate of decrease was －g・g42－－g・g89（daY－1）  

in the period of summer and winter decline・  

Fallpeakin mYSid density was slightin198land   

disappearedin1982・ The fl00d water from the watershed   

caused by tYPhoonsin both years might be responsible for   

the disappearance of the fallpeak・ MYSids rnight be   

carried away by the flood or died off due to the low 

Chlorinity of the fl00d water・  

The maximum rnySid density observed for N．  in七ermedia  

in this studYis comparable with or exceeds 七hat for some   

estuarine mysids． Heubach（1969）and Siegfried 三三旦主・   

（1979）reported the maximum value of 5，gg財 －1g，ggg  

individuals・m－2 for N．  mercedis． Hulburt（1957）obtained  

the maximum ofl，ggg － 2，5ggindividuals・m－2 for 聖二  

amerlCana． The maximum densitY Of the freshwater mYSid．  

MYSis relictap is rnuCh lower in oligotrophic and  

mesotrophiclakes；lg拶 －lTgggindividuals・rn－2  
（Carpenter et al．，L974；Hakala，1978；Morgan et al・′   

1978， Grossnickle and Morgan，1979）． From these   

COmParisons，it appears that Lake Kasurnlgaura SuPPOrtS a   

highest mYSid population．  

Large annual vaviation in abundance was reported for 

Other estuarine mysids， N．mercedis（Heubach，1969；  

Siegfried et al・，1979），生旦聖旦Li三互生皇，and Mysidopsis  

bigelow（Hopkins，1965）． Hakala（1978）observed alarge  
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annualvariationin population size for M．relictain an   

arctic 01igotrohiclake，but Grossnickle and Morgan（1979）   

foundless seasonalfluctuationin density for the same   

SPeCiesin Lake Michigan． At presentit seems that the   

large annual variation in abundanceis characteristic at   

least among estuarine mysid populations．  

Figure ll shows the composition of the mysid   

POPulation from January198g to May198l． Juveniles   

Predorninatedin the population most of the year except for   

Winter when the bulk of the population consisted of   

adults． The proportion of］uVeniles in the total   

POPulation was 43％ on averagein198g． Gravid females   

continued to be present over 9 months from late February 

to the end of November． The proportion of gravid females   

in the totalpopulation was 5 － 3g％r being highin mid－   

March to mid－Apriland mid－JulY tO September． No gravid   

females were found from December to mid－FebruarY． The   

male to female ratio fluctuated each sampling and was 42：   

58 0n aVeragein198伊．  
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POPulation at st・3 fromJanuarY198g to MaY198l・  
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CHAPT■ER III  

situ Growth of Neomysis intermedia and its Relation to 

EnvironrnentalFactors under Field Conditions  

III－l． Introduction  

The growth process of zooplankton is subdivided into 

embrYOnic and post－embryonic stages・ During the embrYOnic   

Stage，the growth occurs bY the utilization of storage   

materialsin the yolk，andis primarilY COntrOlled by   

temperature（McLaren，1965；Corkett and McLaren，197g）．   

Whereas during the post－embryonic stage，it can be   

expected that animals depend more heavilY On the   

SurrOunding environment than at the embryonic stage   

because they have to take food frorn the environmentin   

Order to maintain their metab01isrn and to increase their   

body weigh七．  

The post－ernbrYOnic growth of z00Plankton can be   

genera11Y rePreSented with a growth curve which expresses   

the weight change of theindividualanimalwith tirne． A   

● glVen grOWth curve can be basicallY Characterまzed with the  

fol10Wing three aspects；theinitialbodY Weightr the bodY  

Weight at maturation，and theincreasing rate（growth  

rate）of the body weight．  

The growth of zooplankton under natural aquatic 

environmentsis usually analYZed bY a COhort analysis．  

For the analYSis，the same cohort has to be fol10Wed  
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throughout theinvestigation・ Sampling frequencyis also   

important for the cohort analYSis，and should be conducted   

atleast a few times during one generation time period for   

the target species．  

In the present study，the frequent field observations   

were undertaken in Lake Kasumigaura in order to determine 

the actualpost－embrYOnic growth pattern of N．interrnedia  

bY the cohort analYSis・ The growth aspectslthe growth   

rate and the body sizes rnentioned above were particularly   

ernphasized．  Those results obtained were then evaluated   

bY the correlation analysis with the environmental   

ParameterS．  

III－2． Materials and Methods  

Growth analYSeS Were undertaken on samples collected   

at St．3 by the periodical samplings（See Chapter II）．   

Carapace length（from the tip of rostrum to the end of   

telson）was used as a measure of the size of individuals，   

becauseit can be determined rnore easilY and exactlY than   

the bodylength under a stereoscopIC microscope． The size   

Of 2gg － 3鋸夢individuals was measured for each sample．In   

addition，the carapacelength and br00d size of 2g －1gg   

gravid females were examined● Dry weights of mYSids were   

determined severaltimes during the field surveY for fresh   

materials collected from the lake． One to15individuals   

Of the same size were placed on a glass fiber filter paper  

Or an aluminum pan′ dried for 2days at 6gOcT and weighed  
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with an electrobalance．  

Growth analYSeS Were reStricted within the period   

betweenJanuary198g and MaY1981，When samplings were   

Performed rnOStintensively． They were carried out for   

males and females separately，aSSurning the potential sex   

ratio of L：l for］uVeniles． There was no release of   

YOung in winter（Chapter II）， and the growth of   

OVerWinteringindividuals was deterrnined by the changein   

average carapacelength of a11individuals． Young mysids   

Were released almost continuously during the period from   

April to November when gravid females were present．   

During the period of continuous release of young，it was   

POSSible to extract some cohorts by the probability   

graphic analYSis proposed by Cassie（1954）．In this   

methoditis assurned that any glVen COhort shows a normal   

Size distributionT and then the cumulative percent   

frequencyindicates a straightline on the probabilitY  

PaPer OVer the size range where thereis a cohort．If   

there are a plural number of cohorts overlapping each 

Other，SeVeralstraightlines can be expected and the   

OVerlapplng Can be visualized bY POints ofinflexion．  

ⅠⅠⅠ－3． Results  

Seasonal  Change in size distribution of N．  
：＝二＝「‾－ニ                   ニ  intermedia  

populat土on  

The winter population consisted ofindividuals which   

Were born at different timesin the previous fall，and  
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there was no distinctive cohort visualized in this   

POPulation（Fig．12）・ The carapacelength of rnYSids was   

in the range of g。6 and 4．2 mrninJanuarY198g． From   

earlY FebruarY tO early April the size distribution   

Pattern WaS Skewed towards thelarger carapace size and   

the range narrowed by earlY April． Thereafter the same   

Size distribution was maintained untilearly May when a11   

the overwinteringindividuals disappeared． Gravid females   

first appeared in late February and increased their   

PrOPOrtionin females up to ＞5g％ bylate March． They had   

27．8 eggs per br00d on average．  

Newly released individuals first appeared at the   

beglnning of April198g． There were four cohorts detected   

between April and June． The first cohort observed in   

early Aprilwas f0110Wed untilearlY MaY． The second   

COhort was observed in the rniddle of Apriland was   

fol10Wed untilthe middle of May． The third and fourth   

COhorts were observed in earlY May and in Late May，   

respectively． The second，third and fourth cohorts could   

be followed until maturation within 3 － 4 weeks． Gravid   

females carriedll．4 eggs per brood on averagein these   

COhorts．  

Between late June and late November several newborn   

COhorts were observed as shownin Fig．13● HoweverT they   

soon merged into the existing population and it was unable 

to f01low any cohort over a prolonged time period・  
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Between Decernber198g and May198l，the overwintering   

POPulation showed a growthin a similar manner asin the   

PreVious winter（Fig・14）・  The newborn cohort which   

appearedin mid－Aprilwas fol10Wed untilmid－May・By that   

time most members had matured． They had an average of   

18．6 eggs per br00d． There were also several other   

newborn cohorts observed unti12g May198l，but the f0110W   

up of those cohorts was unsuccessful．  

intermedia  Seasonalchangein growth rate of  

Growth rates were computed for overwintering   

POPulations and cohorts observed． The carapacelength was   

COnVerted into the bodY length using the following   

equation（Fig。15），  

BL 去 3．44・CL － 8．28  （n＝59．工＝8．988）   （1）   

Where BLis bodYlengthin mm and CLis carapacelengthin   

mm．  

Body length of individuals in the overwintering   

POPulations variedin each sampling with a wide range as   

Shownin Fig．16，because the overwintering population   

COnSisted ofindividuals at various growth stages． There   

OCCurred three stepsin the growth patterns；the first was   

S10W Or nO grOWthin December andJanuary，the second was   

a consistent growth between early FebruarY and early   

April，and the third was a cessation of growth thereafter．   

In the second growth step some difference was noticed   

between the two YearS：a COmParativelY raPid growth  
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reachinglg mmin mid－March followed bY a further slow  

increase was observedin198g，While a steady growth was  

maintained from early February almost through to early  

Aprilin198l・Both sexes did not show anY Slgnificant  

differencein the growth rates（although males stopped  

their growth at a srnaller body size than females・  

Estimated average growth rates in body length of the 

overwintering population were g・gg4－ g・g3lmrn・day－1in  

December andJanuarYt and g・g56－g・g74mm・day－1between  

early February and earlY April．  

Individualsin the spring cohort were 2．3 － 2．9 mrnin   

their initial body size and this suggests that they were 

released from the marsuplum〕uSt Prior to sampling，   

because the bodylength of newbornindividualsis 2 mm   

（See neXt Chapter）． The average bodylength of the spring   

COhort also showed a variation but not aslarge as that of   

the overwintering population′ and increased almost   

linearly with time for the first 3 － 4 weeks before   

maturation．No slgnificant difference was observedin the   

growth rates between rnales and females（but the growth   

tended to stop at a smaller sizein males than females．  

Calculated growth rates were g・155－ g・288mm・day－1for  

the sprlng cohorts．  

As shownin Fig・17T alogarithmic relationship was  

found between the carapace length and the dry body weight 

OVer the carapace size range frorn g・7 to 4●6 rnm′ andit  

WaS eXpreSSed as f0110WS′  
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BW＝伊。8544・CL3・24   （n＝156′ r＝伊．984）  （2）  

where BWis the dry bodY Weightin mg and CLis carapace  

lengthin mm・Using Eq・（2）r the growth curves shownin  

Fig．16 were expresSedin body weight（Fig・18）・It  

became obvious that the mysids grew almost exponentia11Y   

with time before maturation． The specific growth rate   

during the exponential growth period evaluated on the 

growth curves can then be estimated by a least squares fit 

of data to the ordinary10garithmic growth forrnula as   

follows′  

SGR＝（ln BW2－1n BWl）／（t2－tl）  （3）  

where SGRis the specific growth rate（day－1），and BWland  

BW2 are the dry bodY Weightin mg at tirne tland t2，  

respectivelY． The specific growth rates calculated by Eq．   

（3）for the overwintering populations were 臥諸相1－ g．g13  

（daY－1）in Decernber andJanuary and g．g19－ g。g25（day－1）  

between early FebruarY and early April，and for the spring  

cohorts g．12－ g．16（daY－1）．The obtained growth rates  

Were POSitivelY related to thein situ water temperature   

（Fig．19）． The specific growth rate was almost zero at  

temperature of around 50C and increased with the increase 

of temperature showing a maxirnum of g．16（day－1）at around  

250c．  
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ividuals andin brood  Seasonalchangein body size ofind  
‾  

size of N．intermedia  

There was no conSPICuOuS Variationin the smallest   

size class of individuals during the period of continuous 

release of young between spring and fall；飢6－ g。8mmin  

carapacelength（Figs．12，13，and14）・Considering the  

carapacelength of newbornindividualsis g・6 － g。7 mmin  

thelaboratorY（See neXt Chapter），theindividuals of   

smallest size observed in the lake should be reLeased as 

newbornindividuals． No distinct seasonal change in the   

Smallest size occurringin the field suggests that the   

newbornindividuals have consistencyin bodY Size．  

N．intermedia exhibited a marked seasonal variation  

in body size of both adult females and males（Fig．2g）．   

The average body size of adult femaLes in the   

OVerWintering populations was very large in February   

（about13 mm in body length）and progressivelY became   

Smaller towards spring（Fig．2g a．b）．A sudden decrease   

in body length occurred in early MaY When the   

OVerWinteringindividuals disappeared． The bodylength   

further declined towards summer，and reached a rninimumin   

June toJuly． A gradualincrease of bodYlength occurred   

thereafter，though theincrease was rather slightin the   

fa110f198g． Average bodY Size of adult rnales showed a   

Similar seasonalvariation as those of females，but males   

Were alwaYS Smaller than females（Fig．2g c）． Average   

body size of adult individuaLs negatively correlated with 
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the mean water temperature during development（Fig・21），  

the duration of which was defined as the time from the   

PreVious November to sampling time for the overwintering   

individuals，and as one month before the sampling for the   

Other individuals．  

Average brood size also showed a marked seasonal   

Variationin accordance with the changein bodY Size of   

adult females（Fig．22）． The brood size was aslarge as   

25 － 3g eggs per br00din earlY SPring，decreased to 5 －   

1g eggs per br00d towards summer，and thenincreased again   

Slightly（in198g）or considerably（in1981）in fall．  

ⅠⅠⅠ－4． D土scussion  

During the two year field observations，large bursts   

Of young mysids appeared frequently frorn spring through   

fall and some of the bursts were fol10Wed until   

maturation． The winter population tended to show a   

SynChronized growth bY the next spring． Based upon the   

data obtainedin the present field observations，the post－   

embryonic growth of N．intermedia was discussed on the   

following two aspects；the first was the growth rate and   

the second was the body size ofindividuals．  

A strong positive relationship was found between the   

SPeCific growth rate of N．interrnedia and the   

COrreSPOnding surrounding water temperature． This   

emphasizes that the growth rate of the mysid is   

SlgnificantlY dependent on the surrounding water  
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temperature throughout the Year・ This was further  
exarnined in detail by the Arrhenius plots・  The  

relationship obtainedin this way was highly slgnificant   

for both sexes as fol10WS（Fig．23）．  

sGR＝6．98Ⅹ1拶22・e－15967／K （n＝18′ r＝一伊．884）  （4）  

where SGRis specific growth rate（day－1）and Kis  
temperature on the Kelvin scale．  

In the studies concerning the growth of Neomysis   

SPeCies，the size of individuals has usua11y been   

expressedin terms of unitlength，either carapacelength   

Or bodYlength，andit has been shown that sizeincreases   

linearlY With timein spring or shows a curveincreasein   

Winter（Pezzack and Corey，1979；Bremer and Vijverberg，   

1982）． Murano（1964b）showed also a linear size increase   

at the period frorn the earlY POSt－embrYOnic stage to the  

maturationin mysids growninlaboratory culture at 2伊Or  

2501and3gOc・In the present studYr the bodylength of  

intermed  主旦in the spring cohort increased almost  N．  

1inearlY frorn the earlY POSt－embryonic stage to the   

maturation．In the case of the winter population，the   

increase in body length almost ceased during the period 

from December throughJanuarYland subsequentlY an alrnost   

linearincrease followed untilmaturation● The growth   

PatternS Were further examined based on body weight． The   

growth ofindividualsin the spring cohorts was alrnost   

exponential until maturation and no significant diffevence 

WaS Observed between sexes． The growth ofindividuals in  
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the winter populations was very slow at the early stage   

and the consistent exponentialgrowth was restricted at   

thelater stage of the development．  

As shown in Fig．23，the growth of N．intermedia   

depends stronglY On temPerature，therefore，the possible   

temperature effects are expected to occur in the gxrowth of 

each individual． variation of temperature during the   

growth period of a glVen SPring cohort，3 － 4 weeks，WaS  

relatively small with a range of 2●80 － 5．20c．   

ConsequentlY，the possible effect of temperature on the   

SPeCific growth ratein the spring cohorts seerns to be   

rather small， and as a result，alrnost consistent   

exponentialgrowth willpersist untilmaturation． on the   

Other hand，the temperature difference in the growth   

period of the winter population was relatively large with 

a range of 8●30－14．60cinlow temperature seasonsJand   

it is expected to initiate a large difference in the   

SPeCific growth rate． The growth ofindividualsin the   

winter population．therefore，Wi11be extremelY Slowin  

mid－Winter at a temperature of around 50c・ Once the  

temperature beglnS tOincrease towards spring at the rate  

of g．g960－ g●1430c・day－l（the specific growth rate will  

be accelerated to about2－ 3％・daY－lT and theindividual  

growth rateincreases progressively・ Howeverr the   
abs01ute values of the specific growth rates are still  

srna11（g．gg7－ g．g2g daY－1）on the whole，and an almost  

consistent exponentialgrowth willbe observed during the  
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earlY SPring．  

The surrounding water temperature in Lake Kasumigaura 

varied in a wide range between 180 and 300C during the 

Period from April to November in which youngs were   

released continuously． However，the body size of newborn   

individuals in this period was almost consistent   

regardless of ternperature；an aVerage CaraPaCelength was   

g．7 rnm and an average bodylength was 2．lmm． Therefore，   

it is expected that the body size of individuals at the 

release from a marsuplumis not temperature dependent． On   

the other hand′ the adult body size ofindividuals was   

highly temperature dependent，Where the bodY Size   

decreased with theincrease of temperature． To rnake clear   

the characters of temperature dependencies of the size and   

Of the growth rate′ the relationsindicatedin Fig．21   

Were treated with the Arrhenius plots（Fig．24）． The   

Obtained correlations were also highlY Slgnificant for   

both sexes． The coefficient for temperature dependency  

of the body welght was about 4ggg（OK－1）andit was  

aboutl／4 0f that for the growth rate． Thisindicates   

that temperature dependency ofindividuals was 4 times   

StrOngerin the growth rate thanin the size．  

The marked seasonal change in adult body size was 

reflected in br00d size．Since brood size directly   

influences the reproduction rate of zooplankton，   

temperature may affect the reproduction rate of N・   
interrnedia by changlng the adult bodY Size and therefore  
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Changlng the br00d size・  

In conclusion，for N．intermedia，the body size of   

individualsimmediatelY after the release frorn a rnarsuplum   

wasinvariable throughout the breeding season，Whereas   

their growth rate，the adult bodY Size，and the br00d size   

Showed a marked seasonalvariationin Lake Kasurnlgaura．   

Itis strongly suggested that both growth rate and adult   

body size are primarily controlled bY the surrounding   

Water temPeraturein the hYPereutrOPhiclake。  

53   



CHAPTER IV  

Evaluation of the Environmental Controlling Parameters on 

the Growth of Neornysis intermedia under  Labora亡Ory  

Condi亡ions   

IV－l． Introduction  

Various environmentalparameters which affect the   

growth of zooplankton． may change ternPOra11y and   

SPaCiaLly in natural water bodies． Among those   

ParameterS， temPerature and f00d have a slgnificant   

POSSible effect on the zooplankton growth．In the growth   

analYSeS undertakenin the previous chapterT it was found   

that there was a strong correlation between the post－  

intermedia in Lake  embryonic growth and temperature for N・  

Kasumlgaura．Thisimplies that temperatureis animportant  

intermedia  environmentalfactor affecting the growth of N．   

in the lake．  

However，the correlation analYSisis effective for   

selecting the prominent factorsinv0lvedr butit does not  

prove the causalrelation・ A further experimental  
analYSisis requiredin order to find out the the possible  

causalrelationship between the growth of N・intermedia                                                                                                                                                                   l■1－  －■一■■■■－■■■■■■■■■■■■■■－－一一■■－一一■■■■■－   

and temperature．  

The purpose of this chapter is to evaluate the 

controlling effect of ternperature on the growth of N・  

intermedia bY Culture experimentst with respect to bodY  

size and growth rate・The possible effect of temperature  
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On the growth of mYSidis extracted bY glVing an excess   

amount of food during cultureT and an exact relationship  

between the growth and ternperature willbe established．  

IV－2． Materials and Methods   

Experimental conditions and cultivation 

N．intermedia were collected with a conicalnet（g．2  

m2mouth area，493pm meshsize）hauled verticallY from  

the bottom to the surfacein the hYPereutrOPhic Lake   

Kasurnlgaura． Collected samples were rnaintainedin therrnos   

bottles containing lake water and brought to the   

laboratory within three hours． Gravid females were sorted   

from the field samples′ Placedin glass beakers（VOlume   

lggg ml）filled withl！seawater，and cultured on 望旦建旦  

Or Daphnia under dimlight at room temperature． Newly   

released animals were placed individuallY in15g ml   

Plastic beakers containing l％ seawater．The number of   

beakers prepared waslg － 4g for one series culture． All   

Culture experiments were conducted at 7 different  

temperatures of30′lgO′1501180′ 2gOr 250′ and290c土  

g．50c with an excess amount of rotifer，Brachionus，  

cultured with Ch10rella or rotifers co11ected from a pond．  

As mysids grew, each animal was transferred into a 500 ml 

Moina or Daphnia cultured with  beaker and fed on young  

yeast. During the culture, food was given every day as to 

be approximately2鋸柑Pg dry weight perliter・Based upon  

the amount of dailYleftover foods of 4g － 8g％r the  
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cultures were decided to be under a condition of no f00d   

limitation．   Allanimals were visually checked every   

morning and an additional checking was made in the evening 

for the cultures of 250 and 290c at the early post－  

embrYOnic stage・Exuviae were collected carefully and they   

Were Placedindividuallyin smallvials of 5％ formalin for   

Subsequent rnicroscopICalexamination and measurement．   

Faecalpellets and residual food were completelY remOVed   

With a pIPet Or Siphon． Sixty percent of the water was   

renewed withl！sea water at 2 － 4 daYintervals． Male   

and female wereidentified by the presence of a penis or   

Of a marsuplum． When the sexualcharacteristics appeared   

in animals，a Pair was placed togetherin alggg mlbeaker   

and a1lowed to copulate．   Male with the 4th pleopod   

10nger than the base of telson and female bearing embryos   

Orlarge deve10Ped rnarsuplurn Were reCOgnized as mature．   

Treatment of data  

Parameters used for the measurement of the size of   

mysids were carapacelength（from the tip of rostrurn to   

the dorsalend of carapace．CL，mm），telsonlength（frorn   

the base to the tip，nOtincluding spines，TL，mm）′ bodY   

length（from the tip of rostrum to the tip of telson，BL．   

mm），and body weight（BW，mg dry weight）． Exuviae were   

used for measurement of the former two parameters under   

4gx andlggx magnification． As shownin Fig．25，a Clear   

linear relationship between carapacelength and telson   

length was observed． andit was expressed bY a regreSSion  
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TL（mm）  

Fig．25． Relation between carapacelength（CL）and telson  

ntermediav cultured at19．90c．  1ength（TL）of N．土  Lユne was   
fitted bY alinear regression analYSis．  
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equation． However， this linear relation differed   

Significantly according to the culture temperature（ANOVA，   

P＜g．gl），thereby the regression equation was decided   

respectivelY for each culture temperature（Table l）．   

Since carapace of exuviae was oftenlost through the   

eating of thern by the mysid culturedltheirlength was   

estimated from the telson length using the linear relation 

Obtalned．  

Carapace length was then converted to bodylength or   

body weight using the following equationsin the previous   

Chapter′  

BL ＝ 3．44・CL 一 膠．28  （n＝59．ご＝伊．988）   （1）  

BW＝伊．伊544－CL3・24   （n＝156′ r＝財．984）  （2）  

Where BL and CL are length（rnm）of carapace and bodY   

respectivelY，and BW is drY bodY Weight（mg）． These   

equations are based on the field data，and they can be   

applied directlY for the culture samples，because cultured   

SamPles show almost the same trendin the relation as   

Shown 土n Flg．26．  

Br00d size of gravid female was estimated from the   

bodYlength bY uSing the f01lowing equation，  

BR ＝ 3．73・BL －18．9  （n＝2財田．工＝拶．637）  （5）   

Where BRis brood size（number of embrYOS）and BLis bodY   

length（mrn）． This equation was based on the field data   

taken from Lake Kasumlgaura and those fromlaboratory were   

included within the variance of field samples（Fig．27）・  
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Tablel．Regression equations between telsonlength（TL，mrn）  
and carapacelength（CL，mm）at different temperatures．  

Temp．（Oc）  Regression equation  n  r   

＋  拶．伊46  

＋  8．拶77  

＋  膠．伊42  

＋  8．815  

＋  膠．伊31  

－  9．11ロ  

ー  財．858   

28   伊．993  

1伊4  伊．998  

64   日．998  

7彷  拶．998  

158   8．99フ  

55  8．994   

15   好．995  

CL ＝ 2．37 TL  

CL ＝ 2．25 TL  

CL ＝ 2．41 TL  

CL ＝ 2．49 TL  

CL ＝ 2．46 TL  

CL ＝ 2．83 TL  

CL ＝ 2．73 TL  

3．8  

1伊．1  

15．2  

17．9  

19．9  

25．1  

28。9  
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Fig．26． Relation between bodY Weight（BW）and carapace  
length（CL）of N．intermedia． Circle，field；CrOSSt  
laboratorY．Closed circleindicates gravid fernale・Line was  
fitted bY alinear regression analysis for the field samples・  
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Fig・27． Relation betw．een br00d size（BR）and bodYlength  

（BL）of N．intermedia． open circle，data obtainedin Lake  

u ra on 24  March，2g May，6JulY，and 9 0ctoberin  Kasumlga  

1981；CrOSS，laboratorY． Line was fitted bY a linear  

regression analysis for the field samples．  
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IV－3． Results   

Temperature effects on the size of N．intermedia  

Differencein the effect of culture ternperature on   

the size of newIY released animals was not obvious and   

there was no consistent correlation between the size and   

temperature（Table 2）．The body length varied from a  

maximum of 2．1mm atlgOc to a minimum ofl。8 mm at180c   

with an average of 2・g mmin the ternperature range oflgO  

and 250c． The temperature effect on the body weight was   

also slightlyless than15％ at the maximum． The geometric   

meandrY Weight of the newly releasedanimalwas26・5pg・  

N．interrnedia continued to molt and to increase in   

Size throughout their life． There appeared somewhat   

large individuals between the 3rd and llth molt for  

animals cultured at150．180′ and 2gOc（Fig．28）． This   

trend was more conspICuOuSin the females． Between the   

3rd andllth m01t the size of rnysids became smaller even   

at the same m01t with deviation of culture temperature   

from 2拶Oc．  

N．interrnedia did not alwaYS maturate at a   

Particularly decided stage but the rnaturation occurred at   

Certain period between the 8th and14th m01t（Table 3）．   

The number of molts before maturation decreased fairly   

With theincrease of ternperature．  

The size of adult mYSids correlatedinverselY tO   

Culture temperature（Fig．29）． The average bodylength of   

the females at the first breeding waslargest，lg。9 mrn，at  
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Table 2． Size of newly rel・eaSed animals of N。intermedia  
Cultured at different temperatures．  

Temp．  Length  Weight＊  

（Oc）  （rnm）（n，SD）  （Pg）（n・SD）  

24．4（9′ 21．9－27．2）  2。仔6（41．伊．必9）   

1．96（15′ 財．18）   

1．84（15．仔．田6）   

1．93（25，拶．12）   

1．98（57′ 拶．11）  

18．1  

15。2  

17．9  

19．9  

25．1  

28．拶（3，27．7－28．3）   

28．2（9，24．9－32．伊）   

26．5（21′ 23．3－3財．1）  average  l．98（153′ 伊．12）  

☆ derived fromlog－tranSformed values  
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Table 3。Number of molts before the first breeding for N．  
intermedia cultured at different temperatures． Nurnerals  
indicate number of breeding females observed．  

Temp．  Number of molts  

（Oc）  8   9 1伊 11 12 13  

2  1  1田．1  

15。2  

17．9  4  

2  1  

19．9  3  5  

25．1  2  1  
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lgOc and decreased almostlinearly to thelowest18．lmm，  

at 250c（Fig・29a）・In gravid females，the response of  

bodY length to temperature was similar to that of the   

first breeding females but the average size was slightly  

large′ Varing betweenll．2mrn atlgOc and8．5mrn at250c．   

The average bodYlength of adult males also decreased with   

theincrease of temperature from 9．6 mm atlgOc to 7．3 mm  

at 250cp andit was smaller than that of the adult   

females．  

The relation between bodY Weight of adult mYSids and   

Culture ternperature is shown in Fig．29b in a semi－   

logarithmic scale． The body weight decreased almost   

exponentiallY With theincrease of ternperature．It varied  

frorn 2 mg atlgOc tolmg at 250c and the difference   

between the rnaximum and the rninimurn was 2．3 － 2．6 fold．   

The sexual difference in the body weight of animals was 

l・l－ 2・g f01d at each temperature・The values of Qlg  

（temperature dependency of adult mYSids）calculated from   

the recIPrOCalp10tS Of body weight werel．7 －l．8 0Ver  

the ternperature range betweenlgO and 250c．  

effects on the growth rate of N．intermedia  Temperature  

主旦 Showed a rectilinear growth against  nterrned  N．i  

time at everY ternPerature bothin bodYlength andin10g－  

transformed bodY Weight（Figs．3g and 31）． The rnysids  

grew almostlinearlY in bodylength and exponentiallYin  

body weight at the〕uVenile stage・Howeverr the growth  
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abruptly declined at the adult stage′ Whichis defined as  

the stage after maturation. Even in the adult stage the 

body size furtherincreased graduallY and thisirnplied a   

COntinuous growth of the adult．  

The growth rates of individual juveniles and adults 

were deterrnined bY alinear regression analYSis・ The  

growth rate ofbodYlength（GL′rnm・day－1）wascalculated  

bY the f0110Wing equation：  

GL＝（BL2－BLl）／（t2－tl）  （6）  

Where BLland BL2are bodylength（mrn）at time tland t2・  

respectivelY・  The specific growth rate in bodY Weight  

（SGR，daY－1）was calculated bY Eq・（3）：  

SGR＝（1n飾2－1n BWl）／（七2－tl）  （3）  

Where BWland BW2are bodY Weight（rng dry weight）at time  

tland t2，reSPeCtively・In the present studY，manY  

animals died before being distinguishable of sex，and no  

animals reached maturation at 290c culture．Such being  

the caset the growth rate at 290c was determined for a11  

individuals including both sexes. The growth rate at 30C 

was determined from various srized individuals collected 

from field and cultured over 2g － 4g days in the   

laboratory．  

Temperature dependencies of GL and SGR are shownin   

Figs．32 andr33．Both GL and SGR of juvenileincreased   

exponentiallY With the increase of temperature from  

g●g3mm・day－land g●g18daY－lat30c to g・32mm・daY－L and  

g・21daY－lat2gOc・The values of Qlg Were4。2for the  
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forrner and 4．6 for thelatter between 30 and 2gOc。Both  

rates of the］uVeniler then（leveled off at2gO－ 250c，  

and subsequentlY dropped・ Adults also showed an   
exponentialincreasein GL and SGR but both parameters  

were remarkablYlow compared with those of the〕uVeniles，  

ranglng from g・g2mm・daY－land g・gg6 daY－1at 30c to l   

g・12rnm・day－land g・g5daY－lat250c・The values of Ql伊  

for the growth rate of adults were 2・3 for GL and 2・7 for  

sGR between 30 and 250c．  

interrnedia  On the reproduction of  Temperature effects  

Growth parameters such as bodYlength（BL）．brood   

size（BR），broodinterval（BI）．dailY egg PrOduction rate   

in nurnber（EN）and in drY Weight（EW）′ SPeCific   

reproduction rate（SRR），and specific growth rate（SGR）   

including reproduction were determined for gravid females   

at different temperatures and summarizedin Table 4．  

The size of a br00d（BR）was estimated from the body   

length（BL）by using Eq．（5）．The BR decreased with the  

increase of ternperaturein a range of23eggs atlgOc to  

13 eggs at250c●  

The extrusion of eggsinto a rnarsuplum tOOk place at   

nightimmediately after the release of the former embryos   

at higher temperatures，Whileit occurred on the next   

night at lower temperatures。  Accordingly the brood   

interval was equivalent to or slightly longer than the 

embrYOnic duration． The broodinterval（BI）wasinverselY  

73   



一
u
む
H
む
叫
叫
両
p
 
 

ひ
u
叫
p
n
T
U
u
叫
 
 

p
0
0
】
q
 
二
∝
巴
 
U
N
可
S
 
p
0
0
日
q
 
二
J
巴
 
U
J
巾
己
じ
叫
 
p
可
A
巾
】
ひ
 
叫
○
 
ぷ
刃
ひ
u
空
［
 
h
p
O
0
0
 
 

二
女
早
〉
 
］
上
平
丁
芸
 
u
可
 
H
O
 
言
白
）
 
い
芯
q
∈
n
u
 
u
両
 
じ
一
再
】
 
u
〇
一
山
U
n
p
O
首
H
 
巴
訂
 
L
ご
七
ぷ
▼
 
二
H
巴
 
｛
巾
A
H
む
｝
u
可
 
 

（
7
資
p
）
 
 
 

∝
U
S
 
 

M
m
臨
．
独
 
 

T
u
Q
．
独
 
 

N
爪
包
．
Q
 
 

卜
M
包
．
Q
 
 

m
J
臨
。
独
 
 

（
∝
U
S
）
 
U
一
昭
い
 
 

（
7
訂
2
）
 
 

∝
出
S
 
 

｝
祀
 
 

M
m
ふ
．
ふ
 
 

M
m
独
．
短
 
 

小
N
Q
．
ふ
 
 

敬
N
Q
。
飽
 
 

n
ふ
ふ
．
独
 
 

ナ
葱
2
竪
ニ
千
倉
p
．
。
u
）
 
 

山
一
u
T
 
．
之
 
叫
O
 
u
O
可
｝
U
n
p
O
H
乱
心
】
 
 

エ
刃
き
O
H
ひ
 
U
T
叫
T
U
心
払
s
 
p
u
佃
 
二
正
些
巴
 
 

u
．
ふ
u
 
 

ふ
．
Q
u
 
 

爪
．
寸
M
 
 

∞
．
爪
M
 
 

u
．
〔
N
 
 

麟
臣
H
 
 

・
巴
訂
″
芯
票
）
ヒ
）
 
∴
盲
L
打
p
乱
丁
・
J
M
ぎ
可
S
n
葺
p
莞
コ
コ
U
一
票
U
＊
 
 

爪
n
．
1
 
 

〔
m
．
J
 
 

一
丁
．
一
 
 

山
一
．
1
 
 

u
卜
．
Q
 
 

万
国
 
 

（
s
h
巾
p
）
 
 

H
田
 
 

u
．
u
 
 

爪
．
n
 
 

か
．
T
一
 
 

心
．
山
一
 
 

M
．
独
M
 
 

U
｝
巾
H
 
u
O
可
〕
U
n
p
O
】
n
む
】
 
U
可
叫
可
U
U
払
s
 
 

p
u
再
 
ぷ
〕
き
O
H
ひ
 
 

か
．
N
一
 
 

寸
．
∞
T
 
 

N
．
m
l
 
 

Q
．
∞
J
 
 

か
．
N
Z
 
 

．
s
む
H
n
］
何
日
む
払
巳
じ
刃
 
 

じ
可
｝
再
E
O
S
 
ぷ
］
O
q
 
 

．
寸
 
心
｛
q
巾
巨
 
 
 

T
．
m
N
 
 

小
．
m
l
 
 

m
．
卜
T
 
 

N
．
爪
一
 
 

丁
．
包
丁
 
 



temperature dependent and decreased greatlY With the  

increase of temperature from 30 days at lBOC to 7 days at 

250c．  

The dailY egg PrOduction ratein terms of egg number   

（EN，aVerage nurnber of eggs produced per daY）was   

determined by dividing the brood size with the brood   

interval（BR／BI）at each ternperature． The rate showed a   

Clear increase with theincrease of ternPerature Within a  

range between g・8eggs・day－latlgOc and2eggs・day－1at  

250c．As the geometric mean drY Weigh七 Of an egg was 3l．1   

Pg，the dailY egg PrOduction was converted frorn the number  

to drY Weight． The dailY egg PrOduction rate based on  

dry weight（EW）ranged frorn 24pg and 61pg drY Weight・  

daY－land showed a positive temperature dependence●  

The specific reproduction rate（SRR）determined bY   

dividing the dailY rePrOduction rate bY body weight   

increased exponentially with theincrease of temperature．  

The Qlg WaS3・2within a temperature range betweenlgO and  

250c．  

The specific growth rate（SGR）of adult female almost   

doubled when the reproduction Yate was included as well as 

the somatic growth rate． Evenin the corrected growth   

rate′ however，the rate was stillonly 3g － 4拶！of that   

for the sornatic growth rate attained bY コuVeniles．  
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IV－4． Discussion  

The effect of temperature on the body size of newIY   

released mYSids was not obvious，but there was a clear   

inverse relationship between bodY Size and temperature for   

adult mYSids．A similarinverse relation has also been   

COnfirmed bY the field observations madein a highlY   

PrOductivelake，Lake Kasumlgaura aS Shownin Fig．34．   

Therefore′it can be surmised that thereis no slgnificant   

difference between the culture and field samples for the   

effect of temperature on the adult bodY Size． This   

SuggeStS that ternperatureis a prirnary factor contro11ing  

the bodY Size of adult N．   

1ake．  

1n七ermedまa 土n  the hypereutrophic  

Vidal（198gb）proposed a mechanism explaining an   

inverse relationship between the bodY Size of herbivorous   

COPePOds and temperature from laboratorY Culture   

experiments． The growth rates of those copepods became   

temperatureindependent as they grew′ but each molting   

intervalinverselY related to ternperature throughout the   

development． The growth rate of copepods at thelater   

StageS WaS then the sameirrespective of temperature but   

the moltingintervalwas pr010nged atlow ternperatures．   

ConsequentlY，the sizeincrement during eachintermolt   

Period became slgnificantlY large with decreasing   

temperature at later growth stages，and therefore the   

final size was inversely related to temperature. 
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The size increment during each intermolt period   

Showed the sirnilar trend in the growth process of N．   

interrnedia，butit was onlY nOticedin a temperature range  

above 2gOc． At ternPeratureSlower than 2gOc， the   

increment of sizein N．intermedia rather decreased，and   

the number of rnolts before maturation increased．  This   

WaS a Striking contrast to copepods．  The decreasein   

Size increment during an intermolt period at low   

temperatures was supplemented with the increase in the 

number of m01ts，Which resultedin alarge sizeindividual   

at maturation．As the result，aninverse relationship was   

Created between the bodY Size and the teTnPeraturein the   

adult mysid．  

It was reported for the rnaYflY，Baetis rhodanl，that  

the number of instars of sma11sized mature individuals   

appearing in sumrner was fewer than that of large   

individuals in winter（Elliott，Citedin Humpesch，1981）．   

Variabilityin the number of molts orinstars atlarval   

Stage has also been reported in shrimps such as   

Palae叩OneteS Pugio，P．vulgaris（Broad．1957），and  

Euphausia  （Reeve，1969），and euphausiid．   Palaemon serratus  

PaCifica（Ross，1981），although possible temperature   

effects were not considered． Therefore there are two   

POSSible factors causing theinverse relationship between   

bodY Size and temperature in natural populations of   

CruStaCeanS：Oneis the differencein the si2：eincrement   

during eachintermolt period as reported bY Vidal（198gb），  
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and the other is the difference in number of instars at   

the コuVenile stage as observedin N・intermediain the   

PreSent Study．  

Under an excess amount of f00d．the specific growth   

rate of N．intermedia showed an exponentialincrease  

against temperature be10W 2gOc at the〕uVenile stage and  

below 250c at the adult stage● The ternPerature dependencY   

of the growth rate was extremely large and the value of 

Qlg WaS4。6for］uVenile and was2・7 for adults・  Such an  

exponentialrelationship between the growth rates of N・   

intermedia and temperature at the コuVenile stagein Lake  

Kasumigaura was almost identical with that of the cultured 

sample（Figs．32 and 33）． Some discrepanciesin the   

growth rates at low temperatures are probably due to 

uncertaintyin measurements at extremelYlowin situ  

growth rate．AdditionallY the growth rates of the  

overwintering populations were deterrnined with the rnixed  

populations consisting of juveniles and adults in the 

previous chapterlanditis highly possible that the  

actualin situ growth rate of juveniles willincrease with  

the exclusion of the lowering effects caused by the slow 

growth rates of adults・ Consequentlyit can be concluded  

that teTnPeratureis a ma〕Or factor controlling the growth ■   

rate of N．intermediain productive food rich waters such  

as L．Kasumlgaura．  

The growth rate of juvenile of N．  intermedia above  

250cleveled off，and that at 290c was rather suppressed・  
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This indicates that either thelimiting process of the   

growth rate of N．intermedia shifted to the other process  

With a different temperature dependencY meChanisrn，Or the   

PhYSi010glCalnature of the growth processes was changed   

bY high temperature． Similar depressionin growth rate of  

N．interrnedia at a high temperature of 3gOc was also   

Observedin the culture experiments bY Murano（1964b）．The   

rnortality at early post－ernbrYOnic growth was extremely  

high at290c and no mYSids rnaturedin thelaboratoryin  

the present studY・Thusr high temperature such as290cis  

intermedla．  harmfulfor the growth of N．  

ManY NeomYSis specieslivingin ternperate coastal   

waters，Where seasonalvariationin temperatureislarge，   

are exposed to a wide variation of temperature and show a   

great seasonalvariationin their generationlength（e・g・   

Mauchline，1971；Pezzack and CoreY，1979）． Among those   

mYSid species．it has been verified from the culture  

amerlCana  experiments that the growth rate of Neomysis   

early post－embryonic stage was strongly temperature  

dependent between40and 250c，and the Qlg Of 5・6 was  

Calculated from datain pezzack and Corey（1979）． Such   

StrOng ternPerature dependency was cornparable with that of  

intermedia observedin the present study． Therefore  

this strong temperature dependency is probably a unique 

character for the NeomYSis species（anditis verYlikelY  

that their growth rates and generationlengths are rnainlY   

COntr011ed bY ternPerature under naturalconditions・  
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intermedia cultured under no foodlirnitation at  In N．  

high temperaturest the bodY Size of female became sma11，  

resultingin smallbrood size′ and the broodintervalalso  

decreased．Temperature effectS On the broodintervalwere  

much greater than brood size・ConsequentlY，the dailY  

intermedia，determined bY  SPeCific reproduction rate of N・  

dividing the brood size with the broodintervaland bodY  

weightrincreased with anincreasein temperature from  

lgO to 250c，and the relation was clearlY eXPOnential・The  

daily specific reproduction rates of the mysidin the   

field under no food lirnitation． therefore． are also   

expected to be controlled by ternperature・Similar positive  

temperature dependencY Of the dailY SPeCific reproduction   

rates have been known for some marine zooplankton species．   

Acartia clausiand A．steueri had an exponentialincrease  

in the specific replroduction rate with temperaturee 

increase and reached a maximum of 6g q 7g％ of body carbon   

Per daY （Uye，1981）．   Sacqcarrylng COPePOd′   

Pseudodiaptomus marinus，Showed a linear increasein the  

rate frorn 3．5！to 26％ of bodY Carbon per daY With   

temperature increase（UYe et al．，1982）． The dailY  

SPeCific reproduction rate of marine amphipod．  Call土opluS  

laeviusculus   also became high with temperature increase 

（Dagg′1976）．  

In conclusion，the post－embrYOnic growth of 旦！  

intermedia was controlled  bY ternPerature aS follows：（1）  

the size of newIY released animals was not affected bY  

81   



temperature，but the body size became small at high   

ternperatures at rnaturation；（2）the growth rate at the   

POSt－ernbrYOnic stage depended exponentiallY On temPerature  

With the Qlg Of4・6for juveniles and of2・7for adults；  

（3）the size and interval of broods decreased with the   

increase of ternperature，While the dailY SPeCific  

reproduction rate increased exponentially with the a18 of 

3．2．  
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CHAPでER V  

Evaluation of the Environmental Contr010n the Growth  

Processes of Neomysisintermedia  

Ⅴ－l．Introduction  

As mentioned in the previous chapters，the post－   

embrYOnic growth of mYSid shrimp，NeomYSisintermedia，in  

● the naturalhabitat，Lake Kasumlgaura，is stronglY   

COntr011ed bY temPerature（ChapterIII）． This temperature   

dependencY has also been confirmed bY the laboratorY   

Culture conducted under a condition of no food limitation   

（Chapter IV）． ConsequentlY，it is expected that   

temperatureis one of the mostirnportant environmental   

factors which contr01the growth of N．intermedia under   

natural condition．  

Individual growth of zooplankton is considered as the 

result of the balance of various metabolic activities and   

generallY eXPreSSed by the f01lowing growth equation；G ＝   

（I－ F）－（M ＋ R ＋ L），Where Gis growth，Iisingestion，   

F is egestion，M is molt，Ris resplration，and Lis   

leakage／excretion．Accordingly，an analYticalapproach   

for the evaluation of temperature dependency of the growth   

Of mYSidis to revealthe effect of ternperature on each   

Parameterin the growth equation． The growthis then   

reconsidered sYntheticallY referring theinformation on   

respective temperature dependencY Of metabolic activities．  
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In this wayit can beidentified which metabolic activitY  

is mostly affected bY temPerature and consequentlY aCtual  

ternperature controlon the growth of N．intermedia might  

be explained on the basis of metabolic activities．  

With this prospect in mind, the present study was 

Carried out and the temperature effects on each parameter  

in the growth equation was examined under laboratory 

COnditions． Allparameters were expressed as specific   

rate and were sYmbolized by ‖sR”in this chapter． For   

example，”sGRMindicates the specific growth rate．  

Ⅴ－2． Materials and Methods  

MYSids usedin the present studY Were CO11ected from   

Lake Kasumlgaura． Culture techniques and experirnental   

COnditions were almost the same as those described in the   

Chapter IV．  

In order to express allmetabolic ratesin terms of   

Carbon basis，the carbon contents of the mysids，their   

molts，and the f00d（Daphnia）were analyzed with a   

Yanagimoto CHN Analy2：er（MT一工ItYPe）．  

specific growth rate（SGR，％body C・day－1）determined  

bY the carbonincrease per unit tirne was calculated bY SGR  

＝（ln BC2－ln BCl）／（t2－ tl）Ⅹ1gg・Where BCland BC2  

are bodY Carbon（mg C）at time tland t2，reSPeCtively・  

Eggs produced during the time period between tl and t2 

Wereincludedin BC2・Body carbon was estimated from drY  

body weight using conversion factors of g．452（mg C・mg drY  
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wt－1）for post－embryonic animals and g．518for eggs．  

Feeding rate was rneasured as fo1lows． MYSids used   

for the experiments were precultured withl％ seawater at 6  

different temperatures of30′lgO′150′ 2gO′ 250′ and 290c  

under dimlight・A sufficient amount of叫Cultured  
With yeast was supplied as prey・ After 2 daysT the   

precultured animals were placed individually in 300 ml or 

5gg mlbeakers and fed on young Daphnia・ The mean bodY   

length，drY Weight，and carbon content of individual  

辿Were g・74 mm′ 3・4 pg，and 6・8％ of dry welght，  

respectivelY・ The concentrations of prey were 3gg － 9gg   

individuals perliter，Which was equivalent tolggg － 3ggg  

ドg dry weight perliter・Beakers were kept at respective  

Culture temperatures for6to 24h（rnostlY24h）under dim   

light． Afterincubation，the number of Daphnia remaining   

in beakers was counted． MYSids and their exuviae were   

PreSerVed in a vialwith 5％ formalin for the measurements   

Of carapace length or telsonlength．  

Ingestion rate was determined from the differencein   

the number of preY before and after theincubation and   

COnVertedinto drY Weight． Since the number of preYin   

the controlbottles（Without mYSids）varied onlY Withinl％   

during theincubation，nO Particular correction was made   

for theingestion rates determined．  

Specificingestion rate（SIR，％body C・day－1）was  

determined bY SIR ＝［（dpC／dt）／BC］Ⅹlgg，Where dpC／dtis   

ingestion rate on carbon basis and BC is body carbon of 
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mysid．DrY Weight of mYSid was estimatedindirectlY from   

the carapace length or telson length of exuviae using the 

regression equations（Eq．（2）and Tablel）presentedin   

the previous chapters and then converted into carbon   

Weight． The amount of ingested carbon（PC）was also   

deterrnined frorn dry weight using a conversion factor of  

g．368（mg C・mg drY Wt－1）．  

The specific loss rate of body carbon by molting  

（SMR，％body C・day－1）during theinterrn01t period between  

tland t2WaS determined bY SMR＝［（MC2／BC2）／（t2q tl）］  

Ⅹlgg，Where MC2and BC2are rnOlt carbon and body carbon  

at time t2・The molt carbon was deterrninedindirectLy  

frorn dry weight bY uSing the fo1lowing a1lometric equation   

（Fig．35）；  

MW＝ 伊．財田768・CL 2・54  （7）  

Where MWis drY Weight of m01t（mg）and CLis carapace   

length（mm）． The molt weight was then converted into  

carbon weight using a factor of g．245（rng C・mg drY Wt－1）．  

Resplration rate was rneasured as fo1lows．Collected   

mysids were sorted as uniformlyin size as possible and   

Were Placedin 5gg mlbeakers filled with filteredlake   

Water． A sufficient amount of rotifers and cladocerans   

WaS added as food′ and beakers were kept at different  

temperatures ranglng between 50 and 250c under dirnlight  

for12 h before the experirnents． Lake water filtered   

twice through a glass fiber filter（Whatman GF／C）was   

Placedin plastic containers oflgleach and kept at  
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2   

CL（mm）  

3  ん  5  

Fig・35・Relation between molt weight（MW）and carapace  
length（CL）of N．intermedia  Line was fitted by alinear   
regression analYSi  
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respective temperatures・ This filtered water was siphoned   

carefullyinto lgg ml ground－glass stoppered bottles・   

Animals ofltolgindividuals depending on bodY Si2：e Were   

added to the half of bottles and the other half served as   

a control． DissoIved oxygen in half of the control   

bottles was fixedimmediatelY． Allthe other bottles were   

stoppered′ WraPPed with aluminum foilland kept at each   

experimentaltemperature for 4 － 24 h・ Afterincubationv   

5g mlof water was carefullY Siphoned from each bottle and   

fixed． The oxygen content in both experimental and   

controlbottles was determined bY Winklerls titration．   

The animals in the bottles were placed on aluminum pans，  

dried at 6gOc for 2 daYSt and welghed with an   

electrobalance． Exuviae were also checked．  

0ⅩYgen COnSumPtion was determined from the difference   

Of oxYgen COntentSin controland experirnentalbottles．   

The actualoxYgen decreasein the experimentalbottles was   

less than15％ of the dissolved oxygenin the water． There   

WaS nO Slgnificant differencein resplration rates   

measured in tbe daytime and the nighttime（t－teSt，   

P＞g．g5）． Thus the resplration rate was usuallY meaSured   

in the daytime● The consumed oxYgen WaS COnVertedinto   

Carbon bY uSing the resplration quotient of g．75，that was   

PrOPOSed for carnivorous zooplankton bY Dagg（1976）・   

NamelY，the consurned oxYgen Oflmgis equivalent to g・28   

mg C．  
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Ⅴ－3。 Results   

Growth rate andits relation to temperature  

As shownin Fig．36，the specific growth rate（SGR，％  

body C・day－1）at the］uVenile stageincreased  
exponentiallY With anincreasein ternperature frornl・8％ to  

21％body C・daY－1in the range of30to2gOc butlevelled  

off at 250c，and subsequently dropped● The SGR of gravid   

females also showed a simil．ar trend against temperature，  

but the exponentialrelationship was continued up t0250c；  

1．6！body C・day－1atlgOc tolg％bodY C・daY－1at250c・  

The SGRs of gravid females were also characterized with   

lower values such asl／3 0f juveniles一． The temperature  

COefficient（Qlg）of SGR was4・6at the juvenile stagein  

the temperature range of 30 and 2gOcr and was 3・4 between  

lgO and 250c for gravid females。  

Ingestion rate and its relation temperature  

The specificingestion rates（SIR（％body C・day－1）  

determined at different ternperatures are plotted against   

dry body weights．bothindicated in10garithmic scale   

（Fig．37）． The SIR varied from thelowest of 2％ bodY C・  

daY－1forlarge animals at alow temperature to the  

highest of14g％bodyC・day－1for smallanimals at a high  

ternperature． There was no consistent differen（：ein sIR   

between molting animals and the others． The SIR showed a   

linear decrease with theincrease of bodY Weight at all   

temperatures in the figure′ and the relation was  
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Fig． 36． Relationship between specific growth rate（SGR）  

and temperature（T）of juveniles（OPen SymboIs）and gravid  
females（Closed symb01s）for  intermedla   
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享  

Fig．37．Relationship between specificingestion rate（SIR）  

and bodY Weight（BW）determined at different temperatures for  
N・intermedia．closed sYmboIsindicate molting animals and  
OPen SYmboIs others． Vertical bars denote the standard  

deviationT horizontalbars the average・Line was fitted bY a  
linear regression analYSis．  
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approximated by a linear regression analysis at each   

temperature。Thelevelof SIRincreased with theincrease   

Of temperature．  

Based on the regressionlines shownin Fig。37，the   

SIRs were estimated at each temperature for コuVeniles at   

different bodY Weights and gravid females，and they were   

Plotted against temperature as shownin Fig・38・ The SIR   

increased almost exponentiallY With anincreasein  

temperature from30to2gOcr reached a rnaximum at2gO－  

250cr and subsequentlYlevelled off or slightlY dropped・  

The temperature coefficient（Qlg）of SIR was 2・6 －2・7 for  

sma11animals at temperatures be10W 250c and 3．2－ 3●9 for  

large animals and gravid females below2gOc・  

loss rate andits relation to temperature  Molting  

The relations between the intermolt period（IMP，   

daYS）measured at different ternperatures and m01ting   

numbers are shownin Fig．39． Tbere was no slgnificant   

difference in 工MP between males and females． The 工MP was   

Short and consistent up to 6 0r 7 molting numbers，Showed   

a subsequent gradual increase with the increase of molt 

number up tol彷 Or12，andlevelled off thereafter・ With   

the progress of molting the body size ofindividualanirnal   

increasedland so theIMP becamelonger forlarge animals   

than smallanimals． Although not shownin Fig・391at the  

lowest temperature exarnined′ 30c（theIMP was18days for  

small animals and 30 days for large animals. Gravid 
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Fig．38． Relationship between specificingestion rate（SIR）  

and temperature（T）of juveniles at different bodY Weights  
in亡ermedia．   and gravid females（GF）for 至L  
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fernales appeared at rnolting number of 8 to13 as shownin   

the previous chapter（Table 3）and showed a consistentIMP   

regardless of the molting number at each ternperature・   

Those obtained were on average 3g，16，12．1g，and 7 daYS  

atlg01150′180′ 2gO′ and 250cp respectivelY．From these   

results it was obvious that the IMPs of gravid females 

Were eXtremelY PrO10ngedin comparison with those of   

Others． TheIMP was shortened at higher temperatures over   

the entire m01ting number．  

The specific loss rates of bodY Carbon by molt（SMR，  

％bodYC・daY－1）are plotted against the10garithmic bodY  

Weight which wasト rePreSented by the geometric mean bodY   

Weight during theintermolt period（Fig．4g）． The10WeSt  

sMR was g．1％ body C・day－1forlarge animals atlow  

ternperatures and highest was5％bodY C・daY－1for small  

animals at high temperature．No slgnificant difference   

WaS Observed in SMR between males and fernales．  The   

COnSiderablYlow SMR was measured for gravid females   

because of their prolonged intermolt period． The SMR   

showed a linear decrease with the increase of body weight 

at each temperaturein the figure，and the data points   

Were treated with alinear regression analYSis at each   

temperature． Thelevelof SMRincreased with theincrease   

Of temperature．  

Calculating frorn the regressionlinesin Fig．4g，the   

SMRs were obtained for コuVeniles and plotted against the   

temperature to clarifY the effect of temperature on SMR  
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（Fig． 41）． Those of gravid females were separately   

calculated from the data mentioned above． The SMR   

increased exponentia11y with anincreasein temperature  

from 30 to 2gOc and levelled off at 2gO － 250c for   

コuVeniles，and the exponentialrelationship was continued l   

up to 250c for gravid females・ The temperature  
COefficient（Qlg）of SMR was 2・9 － 3・6 for］uVeniles  

between30and2gOc and3●1for gravid femalesbetweenlgO  

and 250c．  

Resplration rate andits relation to ternperature  

Specific respiration rates（Ro・Pg O2・mg dry wt－ 1  

・h－1）measured at different ternperatures are plotted  

against respective bodY Weights in the logarithrnic scale  

（Fig・42）・There was no apparent differencein Ro between  

m01ting animals，graVid females，and others・ The Ro  

decreased with the increase of body weight at everY   

ternperature andits relation was genera11Y described by an  

allometricequation，Ro ＝a・BWborlogRo＝loga＋b・log  

BW，Where”a．．and 一一bT．are constants and BWis dry bodY   

Weight（mg）． The values of”a1． and tlbtl for samples   

measured at respective temperatures were calculated and   

Summarizedin Table 5． Regressionlines obtained using   

these values areindicatedin Fig．42．It was verified bY   

analYSis of covariance that the regressionlines were   

Parallel to each other （P＞g．g5）， SO that．IbT． was   

COnSistent，－g．222，regardless of temperature． On the  
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Table 5． Constants（a）and（b）of the a1lometric equation  

三l 
三言島＝w…ぷ七．て㌍デ訟。1芸wS誓農芸言言冒1ニ禁㌫r詫言，（E筈笠ミ 
intermedia．  

ate  a  b  r  

．（。c）（Oc）  

1田  

15  

15  

14  

11  

6  

9  

11  

1．6伊  一伊．226  

2．56  一伊．214  

2．86  一拶．183   

2．91  一好．267   

4．88  一好．249   

4．58  一伊．229   

5．98  一財．297   

6．32  一仔．2好5  

一伊．667  

一伊．939  

一拶．524  

一伊．526  

一伊．812  

一辺．834  

一伊．636  

一伊．778  

12．拶  14．仔   

15．伊  15．3   

21．1  22．財   

22．2  23．5   

23．5  23．4  

25．伊  24．9  

COmbined  一伊．222  

1紆伊   



contrarylthe magnitude of ‖alVincreased with anincrease   

in temperature andits relation to ternperature was glVen  

by a＝1彷 （財・114＋好・伊27・T）・でhus Ro（Pg O2・m9此ywモー1・  

h－1）of N．intermedia can be described as a function of  

body weight and temperature；  

Ro＝1伊 （伊・114＋伊・827・町BW一財。222  
（8）  

where Tis temperature（Oc）and BWis dry bodY Weight  

（mg）・Roin Eq・（8）was convertedinto carbon weight  

basis using the resplration quotient of g．75 and a carbon   

content of 45．2！of dry weight for mYSids．The specific  

respiration ratein terms ofcarbon（SRR，％bodyC・day－1）  

WaS then expressed as fol10WS；  

sRR＝1．49 xl伊 （伊・114 ＋ 伊・伊27・T）・BW一釘・222  
（9）  

The SRRs calculated for コuVeniles and gravid females   

by Eq．（9）are shown against temperature to make clear the   

effect of temperature on the respiration rate（Fig．43）．  

The SRR ranged from2％bodY C・daY－1forlarge anirnals at  

low temperatures to2g％bodY C・day－1for smallanimals at  

high temperatures・ The temperature coefficient（Ql＠）of  

the SRR wasl．9for］uVeniles between5O and250c and 2．1  

for gravid females betweenl膠O and250c．  

kage／excretion rate andits relation  Lea  temperature  

Loss rate of bodY Carbon bYleakage／excretion was not   

measuredin the present studY． Here the value of 3g％ of   

the resplration rate．reported for marine carnivorous   

amphipod ⊆旦主阜i旦里阜9草I旦阜Y阜9阜旦旦豊里阜（Dagg，1976）．was  
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Fig・43・Relationship between specific respiration rate（SRR）  
and temperature（T）of juveniles at different bodY Weights  
（lines represent g・g5，g．1，g．2，g．4，and g．8mg，from top to  

bottomlines）and gravid females（lowestline）for 望エ  
intermedia．  
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employed．  

Egestion rate andits relation to temperature  

Egestion rate was not determined experimentallYin   

the present study，butit can be estirnatedindirectlY from   

the fo1lowing equation，F ＝I－（G ＋ M ＋ R ＋ L），because   

ParameterS，I，G，M，R，and L are now available． Dag   

（1974）has shown that there was someloss of captured preY   

into the surrounding water during the feeding and the   

amount of this loss reached more than 35％ of the captured   

food for marine carnivorous amphipod。 The possible   

effect of this loss also can not be lgnOred in N．   

intermedia． A value of 3g％ was adopted for the correction  

factorin the present study，and the corrected specific   

ingestion rate was shown bYI．sI，RT．． values of all   

■ ParameterS determined for the mYSid at each glVen bodY   

weight are presented in Table 6 in terms of daily specific 

rate on carbon basis． Theingestion rate for rnYSids of   

g．g5 mg body welght were excluded frorn the table because   

of insufficient data, and such small animals may not feed 

On Cladocerans used as preY in the experiment． The  

molting rates at 290c were assumed to be similar to those  

measured at 250c．  

The specific egestion rate（SFRr ％ body C・daY－1）  

increased almost exponentiallY With anincreasein  

temperature from 30－ 250c and slightly dropped at290c  

for smaller animalsr whereasitincreased exponentially up  
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Table6．Specific rates（！body C・daY－1）of growth（SGR），  
ingestion（SIR），egeStion（SFR），aSSimilation（SAR），rnOlting  

（SMR），reSPiration（SRR），and leakage／excretion（SLR）of  
Various body weights（BW，mg drY Wt．）of juveniles and gravid  

fernales（GR）determined at different temperatures（T，Oc）．  

＿▼  R
 
 
 

T
⊥
 
 

S
 
 

SFR SAR SMR SRR  BW T SGR  SIR  

8．1 伊．4  4．  

15．7 1．2  7．  

27．6  2．1  9．  

36．9  2．9 11．  

41．2 3．5 12．  

5伊．9  3．6 17．  

47．2 3．6  22．  

7．2  伊．3   3．  

14．1 伊．9  6．  

25．5 1．7   8．  

34．1 2．2  9．  
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145．6 1伊1．9  63．9  38．伊  2．7 11．  

261．1 182．8 135．7  47．1 3．伊 15．  

192．4 134．7  92．2  42．5  3．膠 19．  

拶．2   3  1．8   2拶．6  14．4  8．1  

1伊   5．4   31．5   22．1  9．1  

15 13．伊   75．7   53．伊  29．4  

18 19．2   94．伊   65．8   34．伊  

2伊  2伊．9 1拶9．7   76．8  41．5  
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to 2gOc and subsequentlYleve11ed off or dropped for   

larger and gravid anirnals（Fig．44）． The temperature  

COefficient（Qlg） of SFR was2・8－ 2・9for smalL animals  

between 30 and 250c and 4。g － 5．8 forlarge and gravid  

animals between 30 0rlgO and 2gOc．  

rature effect on the allocation of the assimilated  
一＿   ■■■■■■■－●．．－．．－   ■・・■■■■■■■■■■■■   －－  ・■－・ 一一   ■・－   ■■■■■■■■－   ■■■－－■－t■■■■■■■■■■－■－■■■■■■■■－  

aterials  

In the growth equation mentioned above，（I－ F）or（G   

＋ M ＋ R ＋ L）indicates the food materials assimilated bY   

the animal which is represented bY the specific  

assimilation rater sAR（％ body C・day－1）．The SARs  

Obtained for various bodY Sized anirnals at different   

temperatures are shownin Table 6 and Fig．45． TheY   

showed a strong temperature dependency as observed in the 

specific ingestion rates. The values of Q1B Of the SAR 

are 2・7 － 3．g for コuVeniles between 30 and 2伊Oc and 2．5  

for gravid females betweenlgO and 250c．  

The assimilated materials are al10Cated for growth，   

molting，reSPiration′ andleakage／excretion． Figure 46   

Shows the temperature effects on the al10Cation of the   

assimilated rnaterials for various different sized   

individuals・ The al10Cation percentage for growthr so  

Called net growth efficiency（K2），ranged between25and  

7g％（and showed the highest value at around2gOc．At the   

］uVenile stage，the larger individuals had a greater   

allocation percentage than the smaller individuals． The  

1伊5   
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and temperature（T）of juveniles at different bodY Weights  
and gravid females for N  
as 土n Flg．41．  
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Fig．45．Relationship between specific assimilation rate  

（SAR）and temperature（T）of juveniles at different bodY  
Weights and gravid females for N．  

tbe same as 土n Fig■．41．  
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Fig．46． Allocation percentages of growth（G）．molt（M）′  

respiration（R），andleakage／excretion（L）of juveniles of  

different bodY Welghts and gravid females determined at  

different temperatures for N・intermedia・ SYmb0ls are the  
Same aSin Fig．41．  
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growth al10Cation percentage for gravid female was the  

10WeSt． The a1location percentages for molting and   

leakage／excretion were bothlow′ and wereless than15％・   

Resplration reached 2g － 55％in the allocation percentager  

and showed a minimurn at around 2gOc． Gravid females had   

the highest a1location percentage for resplration and the   

largest コuVenileindividuals had the10WeSt PerCentageS・  

Ⅴ－4． DiscusslOn  

Ternperature dependencY Of each parameter in the   

growth equation differed respectively as summarizedin   

Table 7． The growth rate was greatlY affected bY   

ternperature，eSPeCiallY for juveniles． Among the   

ParameterSin the right part of the growth equationr the   

ingestion rate，the egestion rate，and the moltingloss   

rate showed a large temperature dependency． The   

temperature dependencY Of the catabolic ratesT reSPlration   

and leakage／excretion，Were nOticeablY Small． The   

Orlglnalquestion of this chapter is to discover the   

mechanism creating the strong temperature dependencY Of   

the growth rate・Interpreting this questionlal10Cation of   

assimilated food materials in the anirnal was considered as   

We11as the ternperature dependencY Of each growth   

Parameter● As evaluatedin the present studYr a110Cation   

PerCentageS for molting andleakage／excretion were small   

compared with the other two′ grOWth and resplration・   

ConsequentlY，the a1location can be simplified as A ＝ G ＋  

1財9   



Table 7・Ternperature cOefficient（QLg）of each parameterin  
the growth equation．  

Juvenile  Gravid femaLe  

Parameter  Qlg  ● Qlg   ● 

r（。c）  （Oc）  

3．4  1好 一 25   

3．9  1好 一 2伊  

4．6  3 － 28  SGR  

SIR  smal1 2．6 － 2．フ  

1arge 3．2 － 3．7  
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5．8  1好 一 2釘  SFR  smal1 2．8 － 2．9  3 － 25  
1arge 4．財 － 5．4  3．1伊 － 2釘  

3．1  1好 一 25   

2．1  1伊 － 25   

2．1  1好 一 25   

2．5  1好 一 25  

2．9 － 3．6  3 － 2伊  

1．9  5 － 25  

1．9  5 － 25   

2．7 － 3．財  3 － 28  
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Rt and then G＝A－ R・The strong ternPerature dependency   

Of the growth rate therefore resulted frorn the combination   

Of the effects of the assirnilation and resplration rates．  

Temperature dependency of the growth rate，Ql冒，Can be  

Calculated using the following equation when those for  

both assimilation，Ql昌′ and respiration，Ql旨，are given；  

（T2 一丁l）／1伊  

（1拶）  

1－（Ql苗／Ql昌）（T2‾で1）／1仔・（Rl／Al）  

Ql冒＝Ql昌   
1－（Rl／Al）  

WhereTis temperature，and RlandAlare reSPlrationand  

assimilation rates respectivelY at 七ernperature Tl・  

Looking at the equation，itis obvious that Ql冒is alwaYS  

greater than Ql窟 if Ql窟＞Ql蒜・This explains that a  

greater temperature dependencYin assimilation rate than   

that of resplration rate causes thelargest temperature   

dependency of the growth rate・ The greater temperature   

dependencY Of the assimilation rate reflected thelarge   

dependencY Of theingestion rate．Thisinterpretation will  

be valid in the temperature range below 200C where a 

COnStant Qlg WaS Obtained・  

Catabolic activity continued to increase steadily 

With temperatureincrease atleast up to 250cr whereas the  

increase in the growth rate levelled off above 200C and 

even became negative at higher ternperatures． The  

assimilation rate stronglY reflected the growth rate，  

Showing a slight decrease at higher temperatures（Fig．  
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45）． Such a change in the assirnilation rate waS a   

reflection of the slowing down of the ingestion rate at 

higher temperatures（Fig．38）． Therefore it can be  

concluded that theinhibi七OrY effects of temperature On  

the ingestion rate but not on the catabolic activity 

caused the drop in the growth rate at higher temperatures 

above 2gOc．Thisinterpretation seerns to be applicable up  

to 290c．  

The temperature for the rnaXimum growth rate of N・  

intermedia was found around2gOc，Which corresponded to   

the optirnum temperature for the net growth efficiencY  

（K2）・ The present studY reVealed that the strong  

N．intermedia  ternPerature dependency of the growth of   

resulted from thelarge teTnPerature dependency of the   

ingestion and assimilation rates，and furthermore，from   

the amplified effects created bY the differencein   

temperature dependency between respective metabolic   

actlvlties．  
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CHAPTER VI  

General Discussion  

As previousIY mentioned′ the post－embrYOnic growth of  

zooplankton can be visualized from the three aspects Of  

the growth curve expressed with the weight change against  

time； those are the body weights at theinitialand at   

the maturation stageland the growth rate of the body   

Weight．  

In the past，almost no observation has been made on   

the environmentalcontr011ing effects on theinitialbodY   

weight of zooplankton animals・ There have been reported   

several observa七ions for various z00Plankton animals，   

including mYSid speciesY that the maturation bodY Weight   

varied seasonally（e．g．McLaren，1963；Mauchline，1971；   

Pezzack and CoreY，1979）． Using correlation analYSeS，   

DeeveY（196g）found that the maturation body weight was   

StrOnglY COntrOlled bY the surrounding water temperature   

under a condition of a large annual temperature   

Variation．and thatit was rnore c10Sely related to food   

than to temperature under a sma11ternperature variation．   

DeeveYIs findings have recentlY been demonstrated   

experimenta11Y in laboratorY Cultures using marine   

COPePOds（Vidal，198ga）and freshwater copepods（Elmore，   

1983）co11ected from the field． From laboratorY Culture   

experiments，it has been shown that the growth rate of  
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ZOOPlanktonis mainlY COntrO11ed bY temPerature under   

excess amounts of food（Corkett and McLaren，197g；Landry．   

1975）but bY food concentration（PaffenhBfer，1976；   

PaffenhBfer and Harris，1976；Harris and Paffenhbfer，   

1976）  and f00d quality（Mu11in and Brooks，197g）at   

Certain temperatures． vidal（198ga）has shown   

Simultaneous effects of ternperature and food   

COnCentrations on the growth rate of marine copepods．   

Under field conditions，the actual zooplankton growth   

rates are controlled bY ternPerature alone in several   

neritic waters（McLaren，1978；McLaren and Corkett，1981）   

and bY both food concentration and temperaturein a sma11   

temperatelagoon（LandrY，1978）．  

In the case of N．intermedia  in the present studY，it  

has been shown that temperature was the maコOr  
environmental controlling parameter for the growth process 

in Lake Kasurn1gaura・ The temperature controIs were   

evaluated under defined conditionsin thelaboratorY．  

Obvious temperature effects were detected both on the   

maturation bodY Weight and on the growth rate．with an  

increase in temperature, the adult body weight decreased 

exponentially， Whereas the growth rate increased   

exponentiallY．However，there was no slgnificant effec ●   

Observed on theinitialbodY Weight・ The ternperature  

dependent growth rate of N．interrnedia could be  
－1－－■■■■■■■■－■・■・■－－■■  

interpreted on the basis of metabolic activities． The   

StrOng ternPerature dependency of the growth rate resulted  
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Fig．48． Temperature dependencies ofinitialbody weight  

（Closed circle）， maturation bodY Weight（OPen Circle）′  

juvenile growth rate（SGR，triangle）′ and reciprocal of  

interrnedia obtained   maturation tirne（DR・ 
． 
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temperatures′ and the recユPrOCalof the rnaturation tirneis  

also plotted in Fig. 48. The reciprocal of the maturation 

time showed a similar pattern against temperature as that   

Of the specific growth rate，but the ternperature   

dependencY Of the former was greater than thelatter，  

reaching Qlg＝5・4below2gOc・Such a strong temperature  

dependency of the maturation time was due to the combined   

effects of the opposite temperature dependencies of the   

SPeCific growth rate and the maturation body weight．  
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