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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 stali type (S-tvoe) stocks were collected in Japan.

The number of resting eggs produced ty 10,000 rotifers at 25°C and 82 CI', was: 3680 (L-type
University of Tokyo stock), 2270 (S-type Mie Pref-cture stock), 1480 (L- -type Mie Preficture stock),

1.7 (S-type Lake Hamuna steck) and 0 (L-type Yashima stock).

‘These results were supported by

data on the appearaave rate of mictic females and the fecundity of resting egg producing females.
Results of the current study suggest that the selection «f rotijer stock is crucial to mass produc-

tion of resting egus.

The process of bisexual reproduction resulting
in resting cgg formation and the characteristics of
resting cggs of monogonor.: on rotifers have been
reviewed by several authors. ™ An interes ing
aspect of their life history, from a culturist’s point
of view, is the production of resting ¢ggs. It has
been suggested that rotifer resting cggs in the
form of preserved sceds may be useful for marine
fish larval rearing.’ =% Only one trial, however,
has been reported.”  The major difliculty in
conducting such trials ‘s the limited number of
resting cggs that are produced. Fecause of a
lack of tundamental information, culturists cannot
take full advantage of rotifer biology to maximize
resting egg production.

Rotifer rusting egg production is inlluenced by
both external and internal factors (reviewed by
Pourriot and Snell*).  Previovs studies on B,
plicatilis®>7%  suggested  that  optimal  environ-
mer.ta!l conditions for resting cgiy production are
low temperatures and salinities (external factors).
Hino and Hirono'” repe-ted a range of mictic
{:ma’e appzarance rates among strains (clones) of
a Lniversity of Tokyo stock (iteraal factor).

[t is probatle that rotifer stocks reared in
different facilities or originating {rom geographi-
cally separate arcas will exhibit different bisexual
errOdUCthC pul!crns For cxample, the Uni-
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versity of Tokyo stock showed active resting egg
productiur,™ while the University of Nagasaki
stock produced few mictic females.'? A third
stock, collected in Florida in 1976, dic not produce
resting eggs, though it produced males.'>

In this stuty, we compared the rate of resting
egg production among five rotifer stocks collected
in Japan. The fecundity of cach rotifer stock
was estimated and, in one stock, the effect of
temperature on mictic female production was
investigated,

Material . ar.d Methods

The or.gius and symbo's of three large type (L-
type) stocks and two swall type (S-type) stocks
are listed in Table 1. Sudzuki® identified the
three L-type stocks as Brachionus plicatilis tvpicus
and the two S-type stocks as B. plicatilis rotundi-
SJormis. The Y-L stock has repeatedly  been
cultured from restiiig eggs produced at low tem-
peratures (10-15°C).®  We received this stock as
resting cggs. The M-S, M-L and T-L stocks
were reared at 25°C in our laboratory for cae, two
and ten years, respectively. The cultures pro-
gressed repeatedly througn resting egeg produc-
tion, hatching and rearing. Resting eggs of the
H-§ stock were collected from the lake bottom

(oo

** An cuiline of this report was presented at the spring meeting of the Japanese Society of Scientific Fishe-

rics, Tokyo, April, 1985.

** Oceanic Institute, Makapuu Peiat, Waimanalo, Hawaii 96795, U.S.A. (#: i

DT RN,

** Department of Fisheries, Faculty of Agriculture, The University of Tokyo, Yayox Bunkyo 113, Japan.

(DRI, ORIl O

HURCA AR P AT OK I 2 ).



578 Hagiwara, Hino, and Hirano

and were kept at 5°C and OL: 24D for three
years.

A culture of cach stock was prepared using 20
stem mothers (S5) newly hatched from resting
cees (for definitions of female tyvpe symbals, see
Huagivara et al™)
composcd of 20 strains. Temperature and chlorinity
1 Cand 8, Cl.
been shown to stimulate active bisexual

Therefore, cuch stock was

wore maintained at 23 These
levels have
reproduction and aceelerate population growth
for the T-L steck.™  Photoperiod wus OL: 24D,
Throuchout the culture period, the votifers were
fed Terrascmis rerrathele at w daily feeding density
ol 5 10 cells/m/ afier
Sterilized dituted s

adding centifuged algac,

seanter, distilled  water
cuelture medium,

precltured in 500 m/ of the mediam Tor

Fach steck was
1520

o sudi-

was used as the

divs. This has been demonstrated 1o be

cient tinw for the production of mictic fernales.

Inoculation of 50 individuals/mis every other day
mintained exponential rotifer erovii.

2,000

g cues, were ldentiiied
200 m/

of culture mediuni, at an initial deasity of 'o/ml.

Followive  preculiure young  lennles

(70 which were not corr,

and removed.  These were octkited into
Two such cultures voere prepared Tor eich of the
five stocks and reared until their density reached
>0/l

observed  once

Subsawirples of 510 M/ we

every 24 ko The number of amictic fomales (20 ),
nule producing mictic (emales (5
females (D)
counted., reledsed from

were collected and counted. Sinee D7 of the M-S
stock Reep their egus inside the lorien,' ™ the eges
were counted elter the death of BT, 7 from
all stocks, waich are young and have not begun
separated it 15-nif peurd
The doliowing day, female
were detined from the shape and size of
Data was colected until the popule-
tion exceeded 130 indiveluals/m/. The rates ¢,
mictic fermale appearance and resting cgg formi-
tion for a given stock were caleulated as an average

mictic and males

S oresting egy
prodacing (
1

Resting ey

were

cee production, were
dishes and cul ured.
pes

their cogs.

of two culiures.”

Toenty D found amang 7% in cach stock were
transierred  individually 1o 0.2-mf est tubes.

This individual culture tecknigue was employed
to estimate fectnditics for each stoek.

Stoch Y-L S iemperatures (30, 23,
20. 15 and 16 C) o observe this stock’s response
o temperature samples of 200 7%
from cach temperature vwere removed daring ex-

was rearcd in

Kandom

penential growth and female types determined.

Results

The culture period (number of duys 1o reach
150 female individuals/mif) for cach stock is shown
in Table 1. In gereral, L-type rotifers nave a
fonzer culture pericd than S-type rotifers.  In
the T-1 stock, total female density reached 150/m/
on the ninth day.  After Day 6. between 500 and
H000 resting cges viere produced per day.  The
appearance rate of mictie femules increased with
but decreased when density ex-
Simuar patierns were observed
and M-S stocks.
few mictic females and few males
and 11-§ Culture
no resting eges and culture H-S
The population growth rate

density,
ceeded 100/ml.
in both the M-L

In contrast,
appeared in the Y-L
Y- preduced

rotifer

stocks,

produced only 26,
in these twe stocks was high because most females
were Lensiny reached 156/m/ on BDay 4 in
the FI-S steck and on Day 3 in the Y-L stock.
The nuctic femade appearance rate among total
fermades in the five stocks is presented in Table 2.
The M-8 stock demonstrated the highest rate at
SO0 This was foilluwed by the T-L stock at
3907, and the M-L stock at 18.1°,. The rates
froma the V-1 and H-S stochs were two orders of
magnitude fower at 0.3 and 0.7, respectively.
Table 2 also shows the rute of resting egg forma-
tion produced by 10,000 individuals in each stock.

Tabe 1, € uI(Lm ,Mh uJ o! cuh stm.u

(.ulluxc

Stock period

(days)
T-L (University 1 Tokyo L-type) 9
M-L (Mic Prefecture L-type) 7
Y-L (Yashima Station L-ype) 5
H-S (Lake Hamana S-type) 4
M-S (Mie Prefecture S-type) 5

(ul(uu netiod cqualy dn\ toguied UII hm.xk density exceeds

ES0 indaviduals imy.

Table 2.
ing cap lm'n..l.un ins

Rate ol mictic female appearance and rest-
sto ks

Mu.nc Female Rate of resting

Stock () cee formation
T-L 9.0 3680

M-L 18.1 1480

V-l 0.3 0

H-S 0.7 1.7
M-S 59.1 2270

The resting egg formation rate 1s the number of cges produced
by 10,000 rotifers in bateh culture.
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Table 3. Fecundity of DS in 3 stocks
Fecundity (No. of Individuals)

Stock Mecan::-standard error
Tl 2.30 1,13 (20)

M-L 2.04:1:0.66 (20)

M-S 1.09::0.29 {200)

Table 4. Effect of temperature en the appearance ot
muic “emales (%) in the Y-L stoek

Temperature (*C) Y-L
30 0
25 0
20 0
15 0
10 20.0

The T-L stock had the highest rate at 3680, follow-
cd by the M-S stock @t 2270 and the M-L stock at
1480. The H-S stock was three orders of mag-
nitude lover at 1.7, The value was 0 in the Y-L
stock.

The fecundity of DY in the T-L. M-l and M-S
stocks is shown in Table 3. In the H-S and Y-L
stocks, no DI were found umong the 72 isolated
from mass culture, The average values were
2,30 and 2.04 in the T-L and M-L stocks, respee-
tively, but only half that (1.09) in the M-S stock.
The D7 of the M-S stock retain resting eggs in
their lorica.  Ninety-one percent of the D? (182
of 200) of this stock formed one cgg and 9%
(18 of 200) formed two cggs.

Table 4 shows the appearance rate of mictic
females in the Y-L stock in five temperatures.
Although no mictic females appeared in tempera-
tures between 15-30 C, 207, of the 72 (40 of 200)
becime mictic females at 10 C.

Discussion

The primary factors invoived in bisexual re-
production are the mictic female appearance rate
(Table 2) and the fecundity of D2 (Table 3). A
comparative analysis of the results shows that
although the M-S stock demonstrated the highest
mictic female production rate, this stock has the
lowest fecundity of D2, Okauchi er al.'® stated
that these D2 do not release their resting eggs.
From their observations, the authors suspect that
lorica volume is the limiting fuctor, and that only
two resting cggs can be produced per female.
Table 2 shows that the T-L stock had the highest
resting egg formation rate.  This stock also had
the second highest mictic female appearance rate

(after the M-S sinck) and the highest D? fecundity.

In the Y-L stock, mictic females appeared orly
at 10°C (Table 4). Previous studies on the T-L
stock™'* suggested that che apperrance of mictic
females gradually increased with decreases in
temperature.  This was also observed with the
M-L stock in the laboratory (unpublished data).
Hino and Hirano'” reported that exposure of a
rotifer population to various environmentai
parameters significantly influences mictic female
production in the derived strain. Differences in
culture history among the stocks studied herc
miay be one factor which causes variations in
vesting egg preductien.  The Y-L stock has been
cultured exclusively during the winter. And the
appearance of mictic females only at low tem-
peratures is consistent with Hino and Hirano's
hypothesis.  The mechanism of action, however,
is unknown.

Because of their size and availability, rotifers
are presently the food of choice for fish larvae at
first feeding.  B. plicarilis exhibit variability in
lorica shape and size.*'7+'*>  Variations in rotifer
size can be utilized o0 correspond to variations in
mouth size observed among in tish larvac at
initial feeding.'*~*"  For these reasons, informa-
tion on increasing the production of both S- and
L-type resting cggs is important. Resting cgg
production among 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 ¢r al. in
preparation).

In order to achicve the highest production of
resting egps, studies need o be designed to sclect
the best strain in the preferred stock. In the
current study, both external and internal parame-
ters were shown to have a pronounced effect on
resting egg production. It is suggested that by
conirolling culture histories and inbreeding favor-
vble stocks, resting egg harvests increase.!®.:?
Further investigation is required to enable cul-
turists to manipulate rotifer stocks to seleet those
better suited for use as live feed.
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