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Resting egg formation was compared among five stocks of the marine rotifer Brachionus 
plicatilis. The three large type (L-type) and two sn'ai lype (S-typre) stocks were collected in Japan. 

The number of resting eggs produced 1-y 10,000 rotifers at 25 C and 8, Cr', was: 3680 (L-type 
University of Tokyo .tock), 2270 (S-type Mie Pref-cture stock), 1480 (L-type Mic Prefocture stock), 
1.7 (S-type Lake Hamana stcck) and 0 (L-type Yashima stock). fhese results were supported by 
data on the appiara,ierate of mictic females find the fecundity of restig egg producing females. 

Results of the current study suggest that the selection of roti,'er stock is crucial to mass produc

tion of resting eggs. 

The process of biscxual reproduction resulting 
in resting egg formation and the characteristics of 
resting eggs of monogonor: oi, rotifers have been 
reviewed by several An interes ing 
aspect of their life history, from a culturis:'s point 
of view, is the production of resting eggs. It has
been suggested that rotifer resting eggs in the 

form of preserved seeds may be usefutl for marine 
fish larval rearing- Only one trial, hoxNever, 
has been reported.' The major dilliculry iii 
conducting such trill. !s the limited number of 
resting eggs that are produtced. Because of a 
lack of lundamental information, culturists cannot 
take full advantage of rotifer biology to maximize 
resting egg producttion. 

Rotifer resting egg produ,ction is influenced l'y 
both external and internal factors (reviewNed by 
Pourriot ad Snell ). 2revious studies on B. 
plicatilis', -') suggested that oplimal environ-
mer.tal conditions for resting egg production are 
low temperatures and salinities (exit-rnal factorsl. 
Hino and l-lirno0l repo-t,2d a range of mictic 
f mate appe.arance rates among strains (clones) of 
a University of Tokyo stock (i iter..d factor). 

It is probatle that rotifer stocks reared in 
different facilities or originating from geographi, 
cally separate areas ill exhibit different bisexual 
reproductive patterns. For e:amplc, the Uni-

versity of Tokyo stock showed active resting egg 
producti6.",7' while tMe University of Nagasaki 
stock produced few mictic femalcs.") A third 
stock, collected in Florida in 1976, did not produce 
resting egg,;, though it produced males.1) 

In this study, ve compared the rate of resting 
egg productian among five rotifer stocks collected 

in Japan. The fecundity of each rotifer stock 
Nvas estimated and, in one stock, the effect of 
temperature on mictic female production was 
investigated. 

Matesial- ai.d Methods 

The or~gias and symbo's of three large type (L
type) stocks and two small type (S-type) stocks 
are listed in Table 1. Sudzuki3 ) identified the 
three L-type stocks as Brachionuv plicatilisiypicus 
and the two S-type stocks as B. plicatilisrotundi
formis. The Y-L stock has repeatedly been 
cultured from restiu.g eggs produced at low tern
peratures (10-15'C)A1 We received this stock as 
resting eggs. The M-S, M-L and T-L stocks 
were reared at 25°C in our laboratory for cae, two 
and ten years, respectivly. The Cultures pro
gressed repeatedly through resting egg produc
tion, hatching and rearing. Resting eggs of the 
H-S stock were collected from the lake bottom 
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and were kept at 5"'C and OL: 24D for threc 

yeairs. 
A culhure of each stock \as prepared using 20 

stem mothers (SI: I ne\\lv hatched from resting 
cgg (for dcliiiol' oFilIemale type symbols, see 
fh.igb~'~ma /.:I 1 herefore, stock %s) each 
composed of 20 strains. Tcniperature nd chloriniy 
\11r 2 nmintained it25 1 Cand 8"',CT. These 
lCets have been s1\ to stinmllite active I,icxualilo\ 


rcp rod ucLtion id ICceCICAte lo pal:ltl gl'O\\th 

for tile1-1 stek..' IPlotoperiod \.s OL- 24). 
Tl vO ulI, o nt1!the CUltu re p riod , the io ie rs ,c e 

I'ed7l/t'( 'l reawi: 1 at1[ a dail(kIeJdjt density 

of 5 10 cells,'.ilafter addir CCnt iflged lgae. 
Sterilized lea,.ater. diluted I' distilled s\ate!" 

i 

\1s used as tbe uml!l.rc rmedium., F1/ach 11b-,. \\tS 
Iprect dL:-Ck the forI-1 20ill500 n/ TC- m 
Lia'.s. ibs :s bCen dCei!t'ratI to be a I 1-
cicat timeic r the production tit' i i ls. 
InioculItion of" 50 indi\idua 'l,1 ever, dIiother dther 

inrttaied es'oiie tial rot r i v .:h.vcrc 


Follos i: prcculure, 2,00-i.'OUM! I'emles 

'?).shsid vere aot car:' c!j.-s. ,C:C i,,catnited 


p,:letial gro\Wh and female types determined. 

Results 

The culture period (numbcr of days to reach 
150 female individuals/nd) for each stock is shown 
in Table 1. In gereral, 1-:,pe roliers ave a 
lon'er culture perikod han S-type rotifers. In
 
1c T-I Stock, totd 'emaje density reached 150/mi
 

dLkl. Dtr
Ol tile Iilatil A [lay 6 ,bet\\cen 500 aIld 
1000 restitma cggs vcre tvoduced per day. The

lr l t o lc ic 1it 
ap~pearnce rak:c of" Imiclic f'erles increasesd \\itih 
rot'cr density, but decreased vthen density ex
ceedced 00In/ Sinl:ar pliers were observed 
n both thc N-. aid I-S stoeks. 
II COatt-aSt, fCw llitiC females and few males 

iinperedY-. II-S stoCk:s. Culturethe and 

1-Fproduced no resting eggs and cllture fl-S 
produced only 26. ihe poltion iTo\lh rItC 

th i e o stoc Nas high b,,caiise fci-itles;ls .-\s most 

. lPenit\ reacded 15 /nm/ on Day 4 in 

the f-I-S st-c, and ot l)ay 5 in the Y-L stock. 
Thc licilic i'enale appearance i-atamong tobtl 

and r~osed. ihe>Ve v-crc mnuceu]edl into 2001 nii/le-.,anls in Ihelive slocks i. presented in Table 2. 
of ctihure -dLm.(1t, initiAl o1 lt a11 deilst\ 0irii/. 
Tx' o such ciilt'ILcs \C'e r-Cpaed l'b1 c,;cl,f the 
live st.:oks ai'etc:d illil teir d:ithv dmld r-ache 

i :)01i1/. 


SLb-me1 -jC of 5 Iil/ 0'Iu onCo bscrved 
everyv 24 h. lIe nICT ber aiie' iale5 { ),0 unictiC 
ila41lcipl'odtcing iictie Ic:':lcs i :). t-cstitig eg 

prod-Icig aclic I'cinles, (I)) and Imales (") 
VcC~c.,Otiltc 1. c-siiecng/:., rcleascd fromb 

x'ec :ollecte aldo unteCd. !:' 0l" M-SnCC I) , the 
st!ck k.ep thcir can. inside the loric~m, tle eggs 
\eCI'CCetuited afT the death of L.)'. 'D front
all sitocks, ',\di e o atnb'tld notti la ha.ve begunll 

cgg pirOductio. see seprtcd ilio IS-n,! pctri 
dishes and cIPLI-red. I ttolo\\ig day, I'emIc- oe 

IvI.pc, se deflnlii lrow the shape and siie (f 
their cxm. Data \\a colected until the popt13-
tion excec 5.1 The rates C,,.i % ildiv,.luals/Ill/. 

eaI appeaF 
I illl0r aCn eic c'i cal ted as an111 
MiiLic I'C e I1ce aild restina g egg forma

gi s-tock v, Zverage 

oflxx o cultaii.-
'Ienity 1) fbLaid aotuig ?'- iineach steel- \\cre 

ll't!nsierrCd i'tui;drtlls to 0.2-ill 'est tubes. 
This iIdividual CultItte lCtld-iqLI- - \ts 
o estimate fct-rties for each stock. 

Stoel, "-L \s Ieared. iii 5 :clnpv itlules (30, 25, 

20. 15 and 10 (1 to observe this stock's response 
to teandomp la 'doc sail p of ,ratuitr. leS 200 

-ile 
fm!oa1 caIch IC IlpI ite \ Crcrem1OVed fLIttillgeX-

The N.-ISstock dcnimostralcd the highest rate at 
59.1 ",,.This \\a, foilowed by the T-L. stock at 
39.1 ' and lie NI-F stock a1t IS. I The rates 
f"rom the Y-I. and Ift-S stocks ,%eie t\\o orders of 

lMlnituRd Ilow\er ;it0).3 and (.7,, respectively. 
]able 2 also shokS tile rtIle egg fornao1 resting 
tion produCed by 10,000 iIdividuas in each stock. 

T I . Ca.(lul1tre 1id'J 

Stoc. 

T-L (Uni\ersit- ,-ato so 

of e:lostOC, 

CultIuIe 
period 

(---VS)
L-tsi'ei 9 
-- L P f .Niie t ype) 
Y-L ie hh-m S ation 7 
f--S (L fii l St V-i 1 4
II-S (ULke I lalill,il%,; S-type)) 4 
M-S ( Nfie Ir,.leclture S-, L) 5 

. .- -----
C01ltlU"pciodP -qlIll> t I~I, itlCd till ftllalQ dcnisitv exceeds 

5i l 

Table 2. Rate 0 nicl i fei'l:il-2 appearance and rest
in2 egg tor:i , Ionin 5 sto 2ks 

Stock Miciic Fcmale Rate of resting 

t':,i 
T-poye 39.0FL 


t- IS.10.3 

-I-S 0.7 

NI-S 59. 1 

reslng Ie g ftrm:l ion rila is 
b) 10,000rotitCLrsi belch Cu!urc. 

ega tornaticn 
3680 
14800 

1.7 

2270 

te nu inbcrof ilg. p'odticed 
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Table 3. Fecundity of D? in 3 stocks 

Stock Fecundity (No. of Individuals) Mean:' standard error 

T-L 2.30 1. 13 (20) 
MI- 2.04 :0.66(26) 
M-S 1.09 t).29 (200) 

Table 4. Effect of temperature en the appearance of 
hii ic ..miales (',') in the Y-L stock 

Temperature CC) Y-L 
..... 0--production 

25 0
25 0o 
20 0 
15 0 
10 20.0 

The T-L stock had the highest rate at 3680, follow-
ed by the M-S stock at 2270 and the NM-I. stock at 
1480. The H-S stock \\as three orders of nag-
nitude lo'.er at 1.7. The value was 0 in tile Y-L 
stock. 

The fecundity of 13'" ill the T-L. M-, and NI-S 
stocks is shown in Table 3. In the I-1-S and Y-L 
stocks, no D'i: were found among the ?Q. isolated 
from mass culture. Tile average value, were 
2.30 and 2.04 in the T-L and NI-L stocks, rcpec-
tivcly, Hit only half Ihat (I.09) in the NI-S stock. 
Tile 1)' of the M-S stock retain resting eggs in 
their lorica. Ninety-one percent of the -) (182 
of' 200) of this stock formed one egg and 9, 
(18 of 200) formed t \o eggs. 

Table 4 shovs the appearance rate of mictic 
femaes in thle Y-L stock ill five temperatures. 
Although no rmictic females appeared in tetipera-
tures bet.een 15-30 C, 20o, of the ?0 (40 of 200) 
became mictic females at 10 C. 

Discussion 

productionl tre tile miclic female appearance rate 
(Table 2) and tile fCcucdity of D"? (Table 3). A 
comparative analysis of the results shows that 
although the NI-S stock demonstrated tile highest 

mietic female production rate, this stock has tIle 
low\cst fecundity of )'. kauchi ct a1.' 4) stated 
that these D'_ do not release their resting eggs. 
From their observations, the authors suspect that 
lorica vohime is tie limiting factor, and that only 
two resting eggs can be produced per fenlale. 
Table 2 sho\s that the T-L stock had tile highest 
resting egg formation rate. This stock also had 
the second highest mictic female appearance rate 

(after tile NI-S stock) and the highest DO fecundity. 

In the Y-L stock, mictic females appeared oplyat 10'C (Table 4). Previous studies on the T-L 

stock"','" suggested that dhe appe,.rance of mictic 
females gradually increased with decreases in 
tempera!ure. This was also observed with the 
NI-L stock in the laboratory (utnpublished data). 
Hino and -lirano"') reported that exposure of a 
rotifer population to various environtnental 

parameters significantly intluences mictic female 
in the derived strain. Differences in 

cu!!tre history among the stocks studied here 
may be one factor which causes variations in 
resting egg production. Tile Y-L stock has been 
cultured exclusively during the winter. And the 
appearance of mictic females only at low tern
peratures is consistent with Hino and Hirano's 
hypothesis. The mechanism of action, how\ever, 
is unknown. 

Because of their size and availability, rotifers 
are presently tile food of choice for li:sh larvae at 
first feeding. B. plicatilis exhibit variability in 
lorica shape and size..17,)' Variations in rotifer 
size can be utilized :o correspond to variations in 
mouth size observed among in fish larvae at 
initial feeditg.l 1 For these reasons, itfortla
tion oil increasing the production of both S- and 
L-type reting eggs is important. Resting egg 
production aniong different rotifer types varies in 
response to similar environmental stimuli. When 
salinity varies, Hawaiian S-type rotifers respond 
in a manner opposite to that of the L-type rotifers 
used in the current study (Hagiwara et aL. in 
preparation). 

In order to achieve tile highest production of 
resting eggs, studies need to be design,.d to select 
the best strain in the preferred stock. In the 
current study, both external and internal paranle
ters were shown to have a pronounced effect on 
resting egg production. It is suggested that by
ccntrolling culture histories and inbreeding favor

,,ble stocks, resting egg harvests increase.i,,."2) 
Further investigation is reqtired to enable cul
urists to manipulate rotifer stocks to select those 

better suited for use as live feed. 
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