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The effec of temperature (15-30 C) ard chloriiiitv (4-l,-) or, resting egg production of the 
rotifer 13rachionts plicatilis was investigated. Fhe ratc of rc:tir,g egg formation was found to in
crease at lowtr temperatures anu chlorinities. The number of rceting eg.'s produced by 10,000 
rotifers at 15'C and 4,,, Cl' was 8,300, as oppo,;d to 6.1at 30 C and 161,, Cl'. Further, the steps 
which precede egg formation, i.e.. appearance of mictic females, fcculdity of male-producing mictic 
females, mating and fecundity of resting egg-producing fcnales, wNcre activated at iower tempcra
tures ano chlorinities. The fecundity of each female type and the lifetime swimming distance (life 
span swimminig speed) of males incrc-sed at iowcr lemperalures and chlorinitics. These factors 
were 1'.:Ida', 1 index of biologic, I activity. 

The data demonstri tea concurrence of optimum condih ons for resting egg production with 
rotiffer hiological vialhility. This suggest; that grc;'"r numbers .,fmictic females occur and more 
resting eggs arc 'ormcd Mhen the individual rotifers are physiologically vigorous. 

In recent years, the monogonont rotifer ot bisexual reproduction which result in the pro-
Brachionu.; )licailishas become an essential food Clution of resting eggs i;this species are: mictic 
supply in the production of larval fish and fer,ale prod'ction by amnictic females; male pro
crustaceans. The primary constraint to wide- rAuction by unfertilized mictic females; mating of 
spread use of rotifcrs for larval reariilg is difficulty male with young mi':tic females; fertilization; and, 
in producing sunli'ient b'omass. Monogonot resting egg production by fertilized mictic females. 
,otif.2rs arc licterogonous, alternating partheno- Hino and Hlirano'- and Snell0 examin..d the 
genesis i-h bisexual reproduction. In partheno- mechanism in,ai3ed in the appearance of mictie 
genesis, amictic females produce offspring Vithout females, ie 'rs, stage of bisexual reproduction. 

" 
mat( interention, yielding a large population in Inamura et al.r succeeded in producing a larger 
a matter of days. In bisexual reproduction, number of resting eggs by increasing temperatures, 
resting uggs are the final product. Rrsting eggs Lubzcns et a,'."nd linkofl et a!.') reported that 
remain dormant tnless environmental conditions resting eggs production was increased by main
are suitable for hatching. Even under op,.imum taining rotifecs at reduced sahnities. 
conditions, hatching of rosling egg's occurs one In this study, the effect of temperature and 
week later which delays their contribution to chlorinity on the rate of resting egg formation is 
population jrowth. These factors may enable examined in both large (500 rn!) and small (5-10 
cultUrists to mai.itain large quantities of resting ml) rotifer cultures. 
eggs. The eggs can be used vs se',d for rotifer 
mass Culture or to sut1)ply iteonates directly to fish Materials and Methods 
larvae, in the manner of Artemia rsting cggs. 

In Brachiom," plicatilis, no amlphoteric nor B. plicatilisIyp ics (one subspecies of the L-type 
mictic females Nshich produce both males and or large type rotifer) from the stock maintained at 
resting eggs are found. Therefore, the five stages the University of Tokyo was employed in this 
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study. This stock originated in an eel pcnd in In addition, the number of males in the samples
Mie Prefecture, Japan and has been culit'ired il \were counted. Then On, DO and d were 
the laboratory since 1969. returned to the culture medium. ?n were cultured 
hi this study, one strain of rotifer, produced separately in a 5-cm petri dish tint ileggs werefrom a single resting egg, was employcd. This found and the number of each fenmale type was 

egg vas produced t\o \ears eailicr at 25 C, 16', counted. After separation from bottom deposits,
Cl' and under a eL: 21D photoperiod. The egg the numher of resting eggs was counted.
 
\as kept at 5 C, 16 CT aind eL: 241). 
 Data vere obtained from day I and continued 

Rotifcrs w\el'ccultuired i1 500-1n! beakers at 4 ntil the popuklation exccdcc 100/m/ (Nth day).
diffelrent temperatures (15, 20, 25 and 30 C I Ct The pur,.entage of illictic females (NI) il the total 
at 16'. and in 3 dill'erent chlorinities (1, S anud sample, I in, iting eticiency (ME) (number of D.O/
16' Cl') ai 25 C, p1lus One Cult tire of low tempera- 1,0() males) and the number of resting eggs (R)
lure and chlorinilY (15 Can I, ). The chlot initv (produced hy 10,000 femaIle rotilfers) m\ere cal-
Cf the culture medium v\,is I.adjusled dilution of Cli:Ltc using the"folloving formulas:
 
llatULral sea\ater \with deioni/ed wtrahn tic 
 I j'n(I; I (t)() Jut?)]; 100
 
mediu) was then sterili/cd by boiliiig. where
 

Rotifers %ere fed f1om :i live CuClture of a niarine n ( ) ) the number of ;j \l;ich appeared oil 
Chh11t.VOmon.v S p. tIcnril'u!ned algae was fed tileNih d, iriChUding tileirdividuals 
daily to reslored densii it.) to 10 cellsm/. fotlnd in 
Thle (h ot'lunr<~on.v x' ur grow ii ot;nIMituet- in(D') the number of DL) obtained in tilesame 
Nelson-NL.Mtue's 'ledintu. in 'which the chloriiiity Wvay aS I1 
had been adjusted tin le melhod detailed n (,0 n
 
above, 1 (ttal nu1.mber of '?,,;',j and Dunder 2000 lu coilllOllS lighting. wtich appeared on tie Nth day
 

Prior to the experiment. rotelS were acClinmaltl 
 zld
 
to the seven culture :onditions for 10 to 20 day. i [n(D.)/nc:)] 1,000
 
Frmni each 1 tre, u1- il0: rolifers w\ere sockLd \\here
cultu 

a a density of il/rn.'
female density il glas bottles. Totalis exressed as rotifesitensit n (')total numlii-ber of ' Nvhich appea~red on the 
The bottle hotlltois 55cr funnel-shaped for eseb lstto Nto day, calculated approximately
 
of resting egg cot cciion and 
 removal of bot tom by the folhowing forlula:
 
deposits. Samples coniailing at least 200 fe- (Wre Di/L ,
 
Males were colLcted irn cacti cllt lreevery 24 whe
 
hours and examllined microscopically. I 1e3:,lhniuber of males which
iL), appeared on the i th 
rot ifers \ere clIssitiCd \'nloditicat ion of day, 
Sudiuk 'Y criteria and evaluatcd on the basis of Lj, life spall of mrales cultured in petri dishes 
tile thts :types of eggs ctrried, and 

92''oung fenlales beforc laying eggs. old ie'rales R [In- -)' (V/V')] x I0,000/100 V) 
\hich havc fini h_d spaynhug or f.males where 
which lack spas.ning abilly. I) - number of resting eggs collected from the 
amlictie' I i culture bottoTI until density of rotiferst.n.ailiceulelOles v.hich parthenigenet icA ly 
 reached I00/m/El': ntillUmbe" 
or Ilict!c femlales. The egg. i; n,'il and( 

of eggs produced by separatelygr iyish incolor. 
 cUiltured DQ1 including individuals found in 
o'. which appeared oi the Nth day of ob

'"mictic females wItChiC-rciolicall,' produce se.'vation
 
haploid eggs that parthenogenetically hatch 'V-- volunle of culture tmediui (500 nl/)

into males. 
 The egg is round, grayish, and V':-volume sampled for Nih day observation. 
about half tie si/e ot attinCtic eggs. The lfe span of females exceeds tilenumber of 

D ° . .-iictic f'emales %\hich produce diploi.d days in this experiment and no female mortality
t':rtilited eggs tresting eggs) after ineiosis. svas expected.
These hatch into ali :ic feiales. The eggs Follo\ing allevaluation of tile?0 in the mass
is Oval, colliparal!be illsize to aliclic eggs, cultur, experiment, 5 tu 20 individuals each of 
with brown or orangc-t:clored cytoplasm and Yn, 5o and DO \were identified and cultured in 
a hyaline cavity on one side of tle egg. separate petri dishes (5-10 mi in volume) at a 
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density of I to 2/nil. Daily observations were 
made to assess survivorship of each femrac type 

-1.1-and to count offspring from "0 Q -0and -Q,and the 
number of resting eggs produced by D. 

FromI to S males produced by were trans-
ferred N thin 6 hours of birth to another petri dish 
to continue culture. In a preiininary experiment, 

mortality of males occurred on the second day at 
25 C and oil the fifth day at 15 C. Males were 
observed, therefore, every 2 h at 30 2i C, every 
6 I= at 20 C and every 12 Ii at 15 C to determine 
life span. Live it) ten males v crc observed 
within 6hI after birth to estimate s\imming 
velocity. Each male \\:as put under a stereo-
microscope and tile pattern of s\, mitlg was 
recorded \ ith)a d hug jnirror.iraw A fier naglitica-

tion, the path lCgth Vwas measured w\ith a ctrvi
meter. The lif'-time sw iiummi distance of"males 
was arrived at by multiplyiim the life span by 
!\itliitfing speed. 

H ourlh ;am p .].sof '?:', produced by 100 _." it25 C and 8',. (T \\ern separated ,rto petri dishes. 

Fifteen hours after sa mpling began, 20 one-hour-
old males \\ete stocked into each petri dish. 
Approxiiatel 24 h later, e \%[v observed aindCrc 
femaicle yps detirMinined. 

lRes;ults 

Althotgh the cuiture period and maximuoam 
J'nsitv obtaincd \ar;ed among experimental con
ditions, a general trend in the appeararce of 5, 
S2,"o, D2 and resting eggs \was apparent. A 
summary of the appearance ofeach rotifer type and 

-
resting eggs that occurred in the mid-range of
 
temperatures and salinities tes;ted (20 C nd
 
16(, C') is presented in Fig. I. Note that resting
e2,1S I-

hprodutct 

reproduction. 


The rae of resting egg production, of mictic 


eggs tihe of four step; duIriig biscxtul 

9 
females and tle index 01' mating c11icienC,' in each.3.CLh 	 r IleilTa l . Th A11111 fculture ate Nho'.'n in Table I. The nuinbetr of 
tasting eggs prodnced1by 10,000 rotift'rs in'creased 

in proportion to decreases in1temperatures at i ' 
Cl'. At 30 (', 6.1 resting eggs \\ere produtci d, 
102.0 at 25 C and 232.3 at 20 C. At 25 C, tl,e 
number of resting eggs i:rodtccd increased a:; 
chlorinities decreased and nunillered 102.0 it 167' 
CI', 500.5 at 8", Cl' and 2007.4 it 4';, (T. The 

combination ofl0',V lemperiture and low chlorinity 
(I5C and 4, Cl') resulted in more imictic feumales 

and higher mating efliciency. In this culture, 
10,000 rotifers produced 8,301) resting eggs (Table 
1). It shoutld be noted that the maxitnum density 
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Fig. 	1. Four steps of bisexual reprodnction att 20'C 
and 165,, Cl'. See text for e\planation of 
symbols. 

Table 1. Effect of tcmt'crature and chlorinity on 
bisexual reproduction in aI 500-m/ beaker culture 
of rotifers 

Rate of No. ofNli. F.Resting
Culture Condition . MatilRg Eggs 

alnceu npl~er- Efliciency Produced 
(,,,,) by 10,000

Rotifers 
30'C 161' C' 1.9 3.1 6.1 

8,- l' - -l, - 
t, .i - - 

25"C 16;c CI . 9'.6 102.0 
' 14.3 182.5 500.5 

4',, CV 23.0 458.6 2007.4 
20 C 1(,( CI' 28.9 61.9 232.3 

s,;,) Cl - - 
4;,,Cl - - 

15-C 16, CI' 47.3 1484.8 7221.0 
8 cl' - - 
4-+ Cl' 33.9 829.1 8300.0 

The ',ua above were obtained front a culture ranging in density
from 10 to 100 individtuatslsiclxcetpt at t5°C aid 16 ,o;CI', where 

the maximun dens;ty was 21.0 individuals/ml. 
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Table 2. Fifect of temlperature and chlorinity on the life span of each female type 

Culture Condition 

(days) 

30-C 16,, ClT 

4,>"CI' 
4', Ct' 

25 C 16,, CT' 8.6:31.5 (17) 
8'.,Cl' 12.7±-4.8 (17) 
1(, Cl' 10.9±4.3 (20) 

20 C 16,i,Cl' 

8,,, Cl' 

Ir C 16, Cl' 14. 1 2.2(8) 
8", Cl 
4', Ci 14.8 3.4) 9) 


Nunlb'r, in p;alclrlthcs.s inidic,Ic,; l ci.kl
j indi, iduats ic~td. 

Talle 3. Fffect of temperature and chlorinlity ointhe 

icund itV of each e'CIale type 

lectndity 
Coltuore 

Condition .. . I). 
(Ofslpring, rin (Eggs,' 

Iiutle) female) felale) 
30 ( 160,(T 3.0 1.0 

8 
4'<' T -.. 


25 ( 161, (' 7.0 6.8 1.3 

s', (T It.9 19.9 1.7 


4:, CI 16.3 - 1.9 

20 ( 16' (1" - 8.5 1.8 


81..C1' 

4',Cl' - 

15 C 16;1:- C1' 15.0 13.4 2.8 


87 1, CI' - - 
1,7, 21 .2 21.8 2.8

Figuresundcr Cll 1 n2 2 8 

p rodtic', . 1i7tcs nider 'bercoluimn 1), indictC numnt of'rcsiin 
cggs 1iduccd. tach i' tie 1nc,11%Ahc of'5-20 indtkidnas 

of rotifcris obtaiied at 15 C and 16', C' was oin1 

21/ml. lhis niakes it dillicult to coim1pare'o with 

data from other cultures. Life span numbersinu1d 
of offspring varied inversely with temperature and 
chlorinily (Tables 2 and 3). There was, ho\ever, 
no dif'erence beteen 4 and 8'..('T at 25 C. The 

numberS Of ollspring prod uced 1w -I ia'nd \\mer, 

about the same despite the culthui.re condition, e.g. 
7.0 and 6.8 at 25 C and 16'., C'. Low fecundity 
a,\as in varving from 1.0 2.8observed D'i, to 

among the Conditions. 

Mate life span is loiiger at lower temper'tures 

(Table 4). At 15 C, thelife span was 96.011 or 
4 times the life span at 30 'C. There w.as, however, 

no signilicant difference in life spans among 

Life Span 

(days) 

4.0,1.6(5) 

..
 

7.4 1.3( 5) 
7.7- :3.9 (7) 

9.7 4.4 (20) 

12.3:2.3 (12) 

16.2 :1.0( 9) 

(days) 

4.6,;1 .5 5) 

6.5-1.8 6) 
6.7±1.6 6) 
7.6±1.6 (13) 

12.9± 1.5 (10 

12.9:j3.6(11) 

13.3 3.6 (10) 

'Table 4. Effect of temperature and chlorini ty on tile 

life Sp:in and swimming speed Of male rotifers 

CuLture Life Span Swimming Speed 
Condition (hours) (meters/hour) 

30 C 16. C' 24.0 0.0 (5) 3.60 (5) 
8> (I' -. 

4 l', - 

25 C 16,,Cl' 47.21! 2. 3( 2.52(5) 
8 ,,CI' 46.0 10.1 (4) 2.76 (6) 
4' C -18.7 1i o).0 3.24 (4) 

20C 16';, CI' 80.8_ 6.3 (8) 2.40 (6) 
8',. CI' .- 

4' Cl' 

15 C 16:,, Cl' 96.0 - 29.4 (6) 1.80 (5) 
8, C1' 
4,',C' 92.4)'16.6 (5) 2.76(5) 

C,,tiCn IntNumlihcre, ) iaudiiv0 ' iirdkidtuts tested. 

Table 5. Number of female types and percentage of 

licticfemales sampled at various times after 
birth 

Time (IIIr) 
after 
birth 

1 

3 
4 

5 
6 
7 
8 

9 
10 


I1 

12
13 

14 

15 

-- indicaesno 

Number of each Mic.F. 
female type 

, , I) 

13 0 0 0 
. . 

8 0 1 I1 .1 

10 0 0 0 
16 0 5.9 
19 0 0 0 
25 2 1 10.7 
13 3 2 27.8 
6 4 0 40.0 

6 2 0 25.0 
8 8 0 50.0
8 9 0 52.9 

3 6 0 66.7 

8 7 0 46.7 

data available. 

http:culthui.re
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chlorinities at 25°C. Also, males swam faster at 

higher temperatures and in lower chlorinities; the 

velocity at 30'C is twice that at 5°C. 

In culture with males, mictic females becoime 

D? only during the first 9 11after birth (Table 5). 

Beyond this age, they became 9o. 

Discussion 

Resting eggs are tile product of' a series of 
proesei ere the i ruect of a sriesy of 

processes uader the influence of a variety of 

Study of these factors has producedfactors. 
evaluate bisexual re-several indices by which to 

production. Ili no and 1] iranoll suggested that 
environmental conditions during resting egg 

formation affect the bisexual reproductive pattern 

in the deriv',ive strain. To account for this, only 

on- strair, of rotifers w\ith an identical gene type 

and known previous history was employed in this 

stu dy. 
Rotifer populations contain several generations 

of mic ic and amictic females, as wellas males, 

though their ratios change both \\itl, in the popIl;t-

tion and among populations. Nlictic females 

are produced e dparthenogenetically, therefore,
bisexual reproduct ion depends on the progress of 
pa reogenesis. Table 5 s s h fetatile 9rogrs
p ar th eno g enes is . Ta lie5 sh o -.\s th a t 9 h a fte r 

birth, n ot D)lthappear. dono furtherN~ t pffiod U C Mictic females 

not produce resting eggs unless mated shortly 
afte birh. 

after birth. 
'. ' 
l1ino and Ilirano : , reported several factors 

v hich increase the appearance rate of mictic 

females using the stock of B. plictIuili ssdsame ( 

in the current experiments. They employed a 

successive individual culture method which cin 
distinguish bet\cen the influence that rotif'er 

on thedensity, temperature or salinity exert 

appearance of mictic females. Tley found that 

more mictic females were produced at higher 

densities (10/m/), lo\\er temperatures (15'C) and 
study,lower chlorinities (4',). In the currcnt 

the production of mictic females increased during 

the exponential growI ph-se (Fig. 1).This is 

consistent with the observation that the ippear-

ance of mictic females is coincident with higher 

densities. The reason for this ruckztionship on the 

physiological level is currently unknow\n.- In 
, ')individual culture, Hino and Hirano' found 

that the number of mictic females increased at 

lower terniperatures and chlorinities. A similar 

observation was found in thC tnas- culture experi-

ments of Lubzens) and Lubzens et al.' Our 

results show that not only the appearance rate of 

mictic females, but also the mating efficiency ard 

fecundity of o and D9 appearkl to increase at 

lower temperatures and chloriwiies (Table 1). 

The effect of temperature and chlorinity on resting 

egg formation was ol',;erved at each of the four 

steps involved in bisexuai reproduction. This 

results in a geometric increase in resting egg pro

duction. 
The lif2 span of each female type increased at 

Ioxer temperatu~res probably because of a decrease
o\rtrpeatispoblybaLSofadcae 

in metabolic rate (Table 2). The total number of 
~. ooue yoefml tre e 

measure of viabilityproduction rate) is used as a 
ble3) T eabilityproducti v uote as a 

and rcprodUCtiVe potential (Table 3). The ability 

of each female type to spa\\n in the cnviror.mental 
ratiges tested, increased both at lower tempera

tures and at towcr chloiinities. The longest life 
spanls and greatest fecundity Occturred at 15" C 

and 4, Cl'. These two external factors exert a 

combined influence on female fecundity. Results 

of our study differ from those report(d by Snell. 

ie found that the reproductie responses of . 

and differed when salinity and temperature
that all three female 

types 

were 
w 

changed. 
cha n ed 

We observed 
s rly to ths e cha e 

resoded similarly to the same changes. 
He also observcd that the fecundity of 2-, in a 
sub-tropical rotifer strain increased at highere l M a t r s Hi v r n et l . 1 r p o e d thattemperaltures. H-irayama ct al. a> reported h t 

e fe'c un d itv of I)? \\-s 3.0 at 30 'C, 12 .9 - 16.4 
t 

C and 4.7 at 10 'C. This variation inat 16-27 
observations probably results from differences in 

rotifer stock (Ito et Snell) or differences in 

a 
Swimming velocity increased at higher tem

peratures and in lkcer chlorinities. In this ex

perimient, males were found to change swimnming 

o Cl' than atdirectioji mote often 'it 4 and 8> 

16,,, Cl', but traces of male s\wimming paths were 

recorded in only two dimensions. Therefore, the 

in swinming speeds among chlorinitiesdifference 
should be greater than that iidicated by path 

measurements. 

According to Gilbert," mating of Brachiont:i 

is triggered by contact between males and le

males. Therefore, males swimming faster should 

come in contact with females more often, resulting 

in an iiicrease in mating. The mating frequency 

of a male is therefore dependent on the total 

distance it swvims. Male swimming distance can 

be used as a measure of v: ility in the same way 

that offspring production is used with females. 

Table 6 shows that males swim greater distances 

at lower chlorin~ties. Also, males swim for a 
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Table 6. Index of lifetime swimming utis'mnce of 3.2" 107 resting eggs in a 4 in tank in 11male rotifes 

Culture Condition 	 Distance 
(meters) 

30 C 1( , c-' 86.4 
Ntq, c]' 
4,, C' 

25 C 16', CT 118.9 
Is,.CT' 127.0 

0 16 Cl 193.8 
8,.C)1C1' --

4'(c CI' ---
15 C 16, Ct' 172.8 

8,CI' 
25.0c ,l' 

lirl n ,It mti: roilcr s\ imuw 

(Tahle 4). 


longer Ieriod t lo\\er ternpcraturcs dcpte the 
lct that th s',inl drn\\ly. 'he greatestse;, ,orelilctile sorximln , ,c.al 

lifetile diL-cck. as oh. criekl at IS Cand 4 1 . lhcl;reicIly, this shOuld csiuit 
ifl n i;itci'ea-c inanleiatl[ ne cnctititer\.al'iri the it eg production It theII -. tHc ri 11'b,C OLIAc i l lule s\ri l,; lepeCilc Idl ii xitie ll k.1reprtivtc tilte it 

appea';" that the reproductivesexes, ulcv''C;c,.cs atl [ocl' ie potential of' ioth'l]i'c-. aitI! hvF,\,_' 

chorini!ie , xthin the rait-cs tested. 
ihe f',rtationi of eggst lieic. i tin tlu r t'ep!o

du~ctive ste "x o,dcli pre cde it, and te x'ia['ilt 
nlales aid 'clltlcs all increased at ]ov,er tni'per4-
Itures or chheritiies. This wciit'rcnce stogests 
th'at aictIc tt'alie' are l'ro~duced x lien] the phtyslo-
logica!l ,iate of ilndi\idual roii'ers is tiot'ale. 

This 11,L1ttiacit titlte'.1 1\ pothecsi, stated b.e 
L u i VCn, / a . an d S nel l lha t n ic t ic feli a les 
appear il Citcii 

l3iscsCuail 

ilnitcdittcl. to tile 
fre ucil, ii htier 

C. ; iti I 

oniotisalc Ilold leratc. 
uih n L'crod0cC, lL't coLt1ribte 

".htidinig coonep ant lll's ill
um c atid Cltlcriiities,10el-irInlck. 

i '. ' ;ilic e lee I t ntil 
gr'v.' It 	 itetc htcrLa'cs at higher teniplra-,tme. 

.cppcamir1 thIt 
 te,. tctcrat ic, ald 	chirloiltics 
.ite hettr ,uiced to itist, culture of rot1m's for 
larvtl fIcis. (C tnltparing 25 ( ald 4., (l to 
15 C anid 4'. (I' shmx'.S thait the Litter is better 
sited to ri'c e 'ugorill tiOll heca use a 'icate" 
rtlcllhCr o nllictic t'cinalcs :tppenlr MAI aiCse 
Iesthng cgg p-oduction is 1'teiinitidatar Ioliger 

period. Ilth ftertit~er" tel pclatl!'t c anil ehtitittimy,
hiov,\e-r. are ivc ;ttitc or producin testiig eggs, 
over .1 shl rte r periiti. 

hmnaliuraTl C'1 //. rCported the 	 prdOLuctioln of 

days. 
Tile) improved r'esting egg production by increas

ing temperatlures from bet',Ncen 4 and 15 C tobetween 23 and 30 C. One pvSible e\planiation 
for this rcstllt is that initial loI, tlemlleratlrs 
induce tMictic female appevmrace and the sub
sequent increase in temperat 
sleps of restiun! e prdlotion.Ig 

Sttdie, oil red sea breai 
(Kitljila I 1/.::)) and black 

• speCds succeeding 

Iagr,x ma/or) 
porgy (A.'C(lon/

pac/ri chl(,,c)li)Oaucli e/.' )al. indicated that 
tlie neonates of 2.0 10'1 resting egos can provide 
feed for !.1) 10' ish larvae, assumering 100"" 
hatching.

To em ploy rotilfer restlg eggs in he same 

mannler1, as I'Wi,'lli C\sts, rotifelS mlst be cltlred
in [lae tn,s. In larger tanks, ho,%e',.er, Such 
tactors as coi1taitioti by prOtO/OallS nllld it 

decline of \\ ater quality may inhibit resting egg 
form;ltii. Sohling ihese problems is crucial to
the con rol of resting egg production in large 
quantities and is an area of reCtul investigati, 
It is also important to select or breed it straii
\\Iich iS a high bisexual reprodctive 	 potlenltialit and is rcSitanLt It both r-OtotOat COntainllation'l decline in sialer quality. Studies on this 
ll (ellC i l~a PL~C! o~f toti tert'cultirte are pt'occedhing. 

.'; if(1oi this stludy \ ere supported by a 
ra tin l it of ScieitiiC Researclh fo'm1 the 

\hflti f fduidcalioi, Japan and[I b the U.S. 
Agency for International Developtment (DAN

4161-A-(X-4th5-00) The athors \Nish to thank 
Ccu-lclLe N! airjadVro

r theiri r tad V e rn it( Stofor' he r'evic',v:rc v. ( i cotumnenitsc o m m e nas ndaid Anlita 
lc l C, 
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