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ABSTRACT

Recent annual fish fry and rotifer production statistics are given for several hatcheries in Japan. The status
of microalgae culture, including problems and countermeasures for the different types, is presented, Three
methods used for rotifer production are also discussed and the problems are tnentioned. Rotifer harvesting
machines and some automatic, continuous culture equipment are described, as are techniques for storing
concentrated microalgae. Finally, the author introduces you to new facilities in Ehime Prefecture constructed
with several innovative mechanization and automation features.

THE STATUS OF FiSH FRY AND

ROTIFER PRODUCTiON

In Japan, we produce many juvenile
aquatiC animalS far releaSe arid COnSumptian.
ln most cases, organisms must be cultured to
feed these animals. A large quantity of live
feeds is required for the large-scale rearing of
larval fish, shrimp and crabs. Both zoo-
plankton and phytoplankton culture are essen-
tial. The former consists mainly of rotifer,
Brachionus plicatilis, culture, and the latter of
green microalgae culture  mainly Nannochlor-
opsis sp,!.

Microalgae are not only fed to rotifers,
they are also added to fish rearing tanks to
improve water quality, promote calmness due
to low illumUIation and opacity, and to prevent,

starvation of the rotifers, especially in the
early stages of fish culture.

Recent annual fry production, rotifer
production, and rotifer consumption for
several representative stations in Japan are
shown in Table l. At the Ehime Station, we
produce six species: red sea bream  Pagrus
major!, Japanese flounder  Paralichthys
olivaceus!, Japanese sweet fish, Ayu  Pleco-
glossus altivelis!, Japanese striped knifejaw
 Oplegnathus faciatus!, kuruma prawn
 Penaeus japoni cus! and Japanese black aba-
lone  Halioris discus!. We do not feed rotifers
to abalone, but the four species of fish are fed
live rotifers, and the shrimp are fed frozen
rotifers. This is because the supply of live
rotifers is limited because fish and shrimp are
reared at the same time.



80 Morizane

8

9

C
0
5

0 7

.S

V

R

5

4J

0 Cl
C 4 C.

O~ P1

0
'0 C

0
« 47
VI
0 C CL
a

le

0.
Cl
05

ar E
aC E

V1

II
lL

C 0

9rr!
~ r

O

0 rlrl
C

b.

E

Cl'0 C 0 E

IO
rr

IC

0

I

U
l4

0

EVIrkN
CCl
a 0 C

Q

II

i4

C4

g

0

Jt
E
«L'

C

U 54
.11

K

j

Jl
E
«L'

C

«0
Vr

IVr«I «0

N
o VlO«

j 8CV

IOIe
Ig
Cl

Ig
U Irl

K

C

IO
C
0

CI
IO

IO
I

I
rII

C O h,
' ~
O

C Q
I

O 0
C O V O
a

C C
IC

C Q
Ia

K O
Z!
IO

@ 0
0

0g D0
Cl.

'0 0

5
0

o
eo

0
8E
C

L

g

SE
a cE

C 0
rr

a~
IC a

0

« '0
0

a

K 0
E

Z

E
Z

EC

« '0Cl
~ t
0
IL

C 0

0 '0
IC 0

C.

v
0C'

<0

E

R 5E
C

Cl
Cl~ «

0

K 0
E

Z SE
a CE

0

E

Z

SE
C

8c
c

C

0 o
6

«

III



Mass Production of Rotifers in Japan



Morizane82

MICROALGAE CULTURE

¹nnochloropsis sp.  formerly referred
to as "marine Chlorella," Maruyama et al.
1986! and Tetrasebnis sp. are essential as feed
for rotifer cultures. In hatcheries, algae is
cultured in 0.5 - 300-m tanks. The total

3

culture volume ranges from several hundred
to 3,000 m . Ordinarily the density of microal-3

gae is 10 - 30 million cells/ml and density is
lowest in the warm seasons. It is possible to
grow dense, pure stock cultures, but mass
culture is extensive and somewhat mixed.

Sometimes serious contamination occurs in

outdoor cultures. Ammonium sulfate, calcium
superphosphate, urea and Clewat 32 are used
as fertilizer. The amount added differs slightly
among stations, but is approximately 100, 30,
10 and 5 g per m, respectively  see Okauchi,
this volume!.

When microalgae is fed to rotifers it is
transferred utilizing both pumps and pipes. In
many hatcheries, including our station, a1gae
and rotifer production tanks are connected
with pipes. To transfer microalgae to rotifer
production tanks, we just turn on a switch after
the valves of both tanks have been opened.
We use a 2.2-kw pump  about 27 m /hour!,3

We maintain a stock of tens of billions of

rotifers during the growing season. In order to
maintain them stably, 40 - 60 m of microalgae3

must be supplied daily. We have four 150-m
concrete tanks  although a tank has a capacity
of 300 m, we only fill it half-way because it3

would be too deep otherwise! and two 100-m3

fabricated nylon tanks framed with FRP. Fig-
ure 1 shows the annual process of algal  Nan-
nochloropsis sp.! culture at our station in
1987-1988.

Problems and Countermeasures

The problems associated with microalgae
culture are as follows:

e A great deal of land is required. Luge-
scale culture tanks must be located at a

sunny site and the cost of land is very
high in Japan.

s Influence of weather: sometimes culture
crashes occur during the rainy and sum-
mer seasons. This is believed to be
caused by a I.ack of solar rays and con-
tamination,

Alternatively, freshwater Chlorella
which has been condensed and enriched with

vitamin B>2 is sold commercially  Maruyama
et al. 1989, Yu et al. 1989!. There are also a
few private hatcheries which use freshwater
CMorello instead of marine microalgae to feed

Figure t. 7he process of coitvring microalgae
at the Ehime Prefecture/ Fish Farming Center
from Mar, 1987- Feb. 1988.
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rotifers. This is because they consider it im-
portant to reduce labor, increase the reliability
of rotifer culture, save land and use tanks
efficiently  Mizuguchi, personal communica-
tion!.

ROTIFER CULTURE

There are two types of systems: batch and
semiwontinuous. According to an operator's
preference and the facilities available, dif-
ferent systems  culture methods! are adopted.

In general, batch culture is done in small
tanks. Although the yield is high, more labor
is needed. The density of rotifers is about 300
- 500 ind./ml at harvest. For these systems,
equipment for filtering suspended substances
and excrement is essential. Thus, artificial
seaweed, commercial plastic filter mats,
oyster shells, etc. are used as filter material.
The culture period lasts two to four days.
Initially green microalgae is fed, but thereafter
baker's yeast or ~ yeast  lmada et al. 1979! is
fed. The amount of yeast fed is often 1 g/mil-
lion individuals, though it varies depending on
the rotifer strain  S, L! and water temperature.

On the other hand, semi-continuous cul-
ture is usually performed in large, 50 - 200-m3

tanks. In contrast to batch systems, the yield
is lower, but the amount of labor is also lower.
The density of rotifers is maintained at about
100 ind./ml, so rotifers are harvested at a
constant rate. The culture period is approx-
im«ely 20 to 60 days, however, Okada and
Hirano �990! reported that they could con-
tinue rotifer culture without changing tanks,
harvesting many rotifers, for an entire year.
The amount of yeast fed to semi-continuous
cultures is often less than in batch systems
because of the potential for water pollution due
to overfeeding,

We at the Ehime Prefectural Fish Farm-

ing Center have used a semi-continuous sys-
tem since our establishment in 1980. We have

ten 60-m tanks, hence reducing working3

hours and conserving microalgae are pri-
orities.

Figure 2 shows the annual process and
rotifer harvests in 1987-1988. Heating was
used from Nov. to Apr,; water temperature
was maintained at 22'C. The rotifers were fed
2,024 kg of ~ yeast, 293 kg of baker's yeast
and 6,419 m of phytoplankton, and we har-
vested 663 billion rotifers  both L- and S-
type!.

Figure 2. The process of maintaining rotifer
stocks and harvestinp rot'ifers from Mar. 7387
to Feb. f988. Solid line shows rotifer stocks,
shaded portions represent harvested rotifers.
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Problems

The problems are as follows:

e Decrease in rotifer density  culture
crashes!.

The following explanations for this phe-
nomenon have been put forth: Changes in
water temperature, water pollution, propaga-
tion of microorganisms, diseases, a lack of
microalgae, and poor quality microalgae
 Sugimoto 1989!.

e Labor.

Much labor is needed to culture and harvest
rotifers � observing and measuring them,
feeding them, washing filters and production
tanks, and harvesting, transferring and feeding
them to larval fishes.

MECHANlZATlON AND

AVTO lVIAT ION

To decrease labor, systematization and
various apparatuses have been designed,
studied and put into practice  Fujita et al.
1982!.

Fushimi �989! describes the "software"
of a system as including variables such as
selection of a rotifer strain, water temperature,
food, culture method, rotifer density, prop-
agation rate and harvest rate. Alternatively,
the "hardware" of a system includes tanks,
heating, measuring rotifers, removing sus-
pended substances, transferring, harvest
method, cleaning tanks, aeration and secon-
dary culture procedures.

A great deal of labor and time are needed
to harvest rotifers, therefore, operators have
been developing different harvesting ap-
paratuses for ten years. Seikai �979! reported
on one that moved repeatedly, thereby pre-

Figure 3, Roti fer collecrion apparatus  Se/ kai
1979J. 1:input by pump; 2. harvesring by
siphon; 3: seawater for propulsion; 4: drain; 5:
outlet for overflow.

Figure 4. Automatic roti fer collecting ap-
paratus  Hiramoto et al. 1984J. 1; rotifer cul-
ture warer; 2: pressure filtration; 3: accessory
tank, 4: main tank; 5: rotating drum; 6: roti fer
collection; 7: filrerin g mat with long bristles; 8;
overflow ourlet; 9: filtered water; 10: filtered
water; 11: drain; 12: water with concentrated
rotifers; 13: valve; 14: drain.

venting clogging. It could filter 10 m of3

culture medium per day automatically  Fig. 3!.
Hiramoto et al. �984, 1985, 1986!

reported on the use of an automatic continuous
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Figure 5. Automatic continuous rotifer con-
centrator. 7he principle of the apparatus  Jap.
Fish Farming Assoc. 1984!. 1: original water;
2: pump; 3: condensing space; 4: air hubbles;
5: differential pressure of the filter; 6: outlet
for filtered waterl 7: filter; 8: water filtration
space, 9: compressed air from blower; 10: air
pipe  produces bubbles!.

harvesting apparatus with a rotary drum which
washed, filtered and removed algae, bacteria,
etc., from polluted water. The apparatus was
capable of treating 900 m /day, which it con-3

centrated by a factor of 112  Fig. 4!.
The Japan Fish Farming Association

�984! reported that J.F.F.A. and Mitsui
Kaiyo Kaihatsu Ltd. had developed an auto-
matic, continuous rotifer concentrator which
was capable of 100X concentration and filter-
ing 10 m /hour  Fig. 5!. Furthermore,3

Mekuchi et al. �988! produced a machine
with the ability to shake collecting nets to
prevent clogging. It is capable of filtering 1

3
rn /min. The maximum harvest density was
30,000 individuals and this apparatus is being
used now  Fig. 6!.

A few automatic continuous culture ap-
paratuses have also been reported. Mochizuki
et aL  tpygi developed a system consisting of
a 5-m rotifer production tank and a feed

Figure b. A rotifer collecting apparatus
 Mekuchi et al. 1988!. 1: culture water; 2:
100-mm pipe; 3: butterfly valve; 4: plankton
net; 5: 34x 32 mesh screen; 6: pvcshaft; 7:
induction motor, 8: gear head; 9: acrylic
crank; 10: pvc pulley; 11.. condensed rotifers,
to pump.

production tank, which produced from 130
million to 550 million ind./day for thirty days
 beginning from the day density reached
100/ml!. However, this system didn't spread
to hatcheries because it was difficult to
separate the rotifers from suspended solids and
the cost of construction was high  Fushimi
1989!.

Marinoforum 21 �988, 1989! is trying
to develop automatic continuous rotifer culture
equipment which has the following features:
intensive production, reliability, low cost,
reduced labor and smaller size. The equipment
they investigated yielded satisf'actory results
with small, 100-liter vessels and research is
presently being directed toward larger scale
and low cost.

On the other hand, it has been proposed
that concentrated microalgae be kept in storage
because microalgal production is unreliable
and difficult in rainy and hot seasons  Yoneda
1983!. There are two ways to concentrate
rnicroalgae, by centrifugation, and by means
of an ultra-filter membrane. The reserves are
stored in a freezer if the microalgae are to be
used directly as feed for rotifers and in a
refrigerator if they are to be re-cultured
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 Yoneda 1983!. Sugiyama and Kinjo �988!
reported that marine microalgae stored in a
-70'C freezer grew again. Several stations
recently reported that they intend to introduce
microalgal concentration with ultra-filters.

IVIECHANIZATION AND

AUTOMATION AT NEW FACILITIES

The Ehime Prefectural Government
decided to construct new facilities in order to
expand the number of fish species released in
1988. When the new facilities were designed,
we intended to introduce an automatic system
to reduce manpower and improve reliability,
because we are required to produce fry with
very few staff. The new facilities were com-
pleted in December 1990.

The systematization of facilities we had
planned were as follows:

e Related tanks would be connected with
pipes, and be close together,

~ All seawater supplied would be filtered
by sand. Moreover, seawater supplied
for microalgae culture would be steril-
ized if possible,

~ Storage of microalgae and rotifers,
a Automation of feeding rotifers, harvest-

ing rotifers and feeding larval fish,
a Microalgae culture process from stock

culture to production tanks,

~ Heated rotifer and larval fish tanks, and
~ Automatic generator.

The newly constructed rotifer production
facilities are as follows

~ Microalgae production

a! Stock culture building with tempera-
ture control and illumination; 100 m'

b! Extensive culture tanks; six 10-m'
capacity

c! Production tanks; six 100-m'
capacity,

a Rotifer culture tanks; six 50-m, with
heating, and

~ Laboratory; 80 m .

In addition, the following specialized
equipment has been installed:

e 0.1-pm ultra-filtering apparatus  mainly
used for production of molluscs and sea
urchins!; 4 m /hour,

a l-p,m cartilage filtering apparatus  mainly
used for production of molluscs and sea
urchins!; 22-m /hour capacity,

m Ultraviolet sterilizer; 3- and 32-m /hour
capacities,

~ Microalgae ultra-filter membrane con-
centrator; 40 m /18 hours, 500X con-
centration,

s Refrigerator and freezer for microalgae
storage,

a Automatic rotifer harvesting apparatus;
10 m /hour, and

a Automatic rotifer feeding apparatus in lar-
val rearing tanks,

Figure 7 charts the production process at
the new facility. While the facility is not fully
operational yet, we believe the equipment can
function successfully. However, some time is
necessary for adjustment, and to become
skilled in operating the equipment. At present,
we believe that stored inicroalgae should be
fed in urgent situations. However, since there
are times during which we can't culture micro-
algae successfully, we plan to produce and
store a great deal of microalgae during the
off-season and when culture is easy.
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Figure 7. Production procedures for the new facility in Ehime Prefecture. Thin arrowsindicate the
flow of microalgae, thick arrows represent flow of rotifers.

Ackrtowledgements

The author wishes to thank Dr. Cheng-
Sheng Lee, The Oceanic Institute, Honolulu,
Hawaii for his valuable advice and critical

reading of the manuscript.

REFERENCES

Fujita, S., K. Konose, K. Shintani and T, Setoguchi.
1982. On an example of the application of automat-
ioa and cost-effectiveness to facilities design far
mass-production of fry ftsh. Saibai Gyogyo Gijyut-
su Kaihatsu Kenkyu. 11�!: 14.  In Japanese!.

Fushimi, T. 1989. Mass-production method. 4- Sys-
tematization for mass-production method. Irt. K
Fukusho and K. Hirayama  Eds.!. The First Live
Feed Source � Brachiortus plicarilir. Koseisha
«»eikaku, Tokyo. pp. 118-134.  In Japanese!-

Hiramoto, Y., S. Kanamaki and M. Tabata. 1984. On
the experiment for automatic harvesting apparatus
of rotifers cultured � I. On the death in transferring
~ by pump. Saibai Gyogyo Gijyutsu Ka~tsu
Kenkyu. 13�!: 7-12.  In Japanese!.

Hiramoto, Y., S. Kanamaki and M. Tabata. 1985, On
the experiment for automatic harvesting apparatus
of rotifers cultured � Ii. On the death in harvesting
process of rotifers condensed. Saibai Gyogyo
Gijyutsu Kaihatsu Kenkyu. 14�!: 14.  In Jap-
anese!.

Hiramoto, Y., S. Kauamaki and M. Tabata. 1986. On
the experiment for automatic harvesting apparatus
of rotifers cultured � III. On the concentration,
death and harvest using a model and a large ap-
paratus. Saibai Gyogyo Gijyutsu Kaihatsu Kenkyu.
15�!; 1-7.  In Japanese!.

Imada, O., Y, Kageyama, T. Watanabe, C. Kitajima,
S. Fujita and Y, Yone. 1979. Development of a
new yeast as a culture medium fot living feeds used
in the production of fish seed. Nippon Suisan
Gakkaishi. 45 8!: 955-959.  In Japanese with
English abstract!.

Japan Fish Farming Assoc, 1984. New instruments and
apparatuses. Ixc Annual Rep. of Jap. Fish Farming
Assoc. in 1983. pp. 274-277.  In Japanese!.

Marinoforum 21 1988. �! Proceedings of research
group on fry production system. In: Annual Rep.
of Marinoforum 21 Research Group in 1987. pp.
119-131.  In Japanese!.

Marinoforum 21 1989, �! Proceedings of research
group on fry production system. In: Annual Rep



88 Morizane

of Marinoforum 21 Research Group in 1988. pp.
137-154.  In Japanese!.

Maruyama, I., Y. Ando, T. Maeda and K. Hirayama.
1989. Uptake of vitamin Btz by various strains of
unicellular algae Chlorella. Nippon Suisaa Gak-
kaishi. 55�0!: 1785-1790.

Maruyama, I., T. Nakamura, T. Matsubayashi, Y.
Ando aad T. Maeda. 1986. Identification of the
alga known as "marine Chlorella" as a member of
the Eustigmatophyceae. Jap. J. Phycal. 34: 319-
325.

Mekuchi, T., H. Murakami and H. Mizukure. 1988.
Trial production of rotifer harvestiag apparatus.
Annual Rep. of Hiroshima Prefect, Fish Farming
Assoc. in 1987. No. 7, 113-116,  In Japanese!,

Mochizuki, T., H. Shimizu, M. Taaaka and K. Endo.
1978. Studies on growth of zooplankton. Con-
tinuous culture of Brachionus phcarilis. Suisan
Zosyoku. 25�!: 138-141.  In Japanese!.

Okada, K. aad Y. Hiraao. 1990. Cultures of food
organisms. Annual Rep. of Mie Fish Farming
Cent. in 1989. 45-52.  In Japanese!.

Seikai, T. 1979. Trial production of rotifer collecting
apparatus. Suisaa Zosyoku. 27 �!: I ll-112.  In
Japanese!.

Sugimoto, H. 1989. Problems and countermeasures,
l. Research of reasons for sudden decreasing of
rotifers. In: K. Fukusho aad K. Hirayama  Eds.!,
The First Live Feed Source � Brachionas
plicarilis. Koseisha Koseikaku, Tokyo. pp, 167-
174.  In Japanese!.

Sugiyama, A, aad S. Kinjo. 1988. Freeze-preservation
of marine microalgae. Suisan Zosyoku. 36�!: 253-
258,  la Japanese!,

Yoneda, H. 1983. Fish Farming and New Technical
Grow-out, 6. Production, preservation and its use
of marine Chloremia condensed. Suisannokenkyu.
2�!: 52-58.  Ia Japanese!.

Yu, J.P., A. Hino, M. Ushiro and M. Maeda. 1989.
Function of bacteria as vitamin Btz producers
during mass culture of the rotifer Brachionus
pli carilis., Nippoa Suisaa Gakkaishi. 55�0!: 1799-
1806.



Rotifer and h1icroalgac Culture Systems. Proceedings of a U.S. - Asia Workshop. Honolulu, HI, 1991.
!The Oceanic tnstitute

Improving the Larval Rearing of Striped
Mullet {Mugil cephalus} by Manipulating

Quantity and Quality of the Rotifer,
Brachionus plicatilis

Clyde S. Tamaru and Cheng-Sheng Lee
The Oceanic institute

Makapuu Point
Waimanalo, Hl 96825

U.S.A.

and

Harry Ako
Department of Agricultural Biochemistry

University of Hawaii
Honolulu, Hl 96822

U,S.A.

ABSTRACT

Larval rearing technology is the last remaining barrier to the development of an artificial propagation
program for striped mullet. This report presents the results from a series of experiments focused on defining the
optimal rotifer quantities and quality during the first 15 days post-hatching. The results have been incorporated
in» feeding regimen that has resulted in larval survival and growth that at one time was inconceivable for this
species.

INTRODUCTION

Culture of striped mullet  Mugi1 ceph-
alus! has been practiced for centuries in many
parts of the world. Their ability to tolerate
wide ranges in salinity and the fact that they
feed at the lowest trophic levels make this
species ideal for culture. Because of their

economic value, research on the artificial
propagation of striped mullet has been ongoing
for more than two decades  Lee and Tamaru
1988!. Despite this, stocking depends ex-
c1usively on fry caught from the wild.

One peculiarity of the striped mullet is
that it does not normally spawn in captivity.
Induction of spawning, however, has been
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accomplished using a variety of hormonal
preparations  Tang 1964, Shehadeh et al.
1973a, Kuo et al. 1974a, Liao 1975, Lee et.
al. 1987!, Control of maturation in both males
and females has also been investigated and has
resulted in a variety of treatments in which the
state of reproductive maturity of either sex can
be manipulated  Shehadeh et al. 1973b, Weber
and Lee 1985, Kuo et al. 1974b, Kelley et al.
1987!. In summary, major strides have been
made toward controlling maturation and
spawning of this species.

The major remaining obstacle to the ar-
tificial propagation of striped mullet is the
development of effective larval rearing proce-
dures. It is generally accepted that rotifers play
a pivotal role in the successful rearing of
marine fish larvae  Lubzens et al. 1989!. For
this reason, larval rearing research at our
Institute has focused on identifying the optimal
roti fer and larval densities for first feeding and
characterizing the temporal changes in food
preference. Recognizing that the rotifers'
nutritional quality cannot only vary depending
on what they are fed, but that it can be
manipulated to ensure a nutritionally adequate
rotifer, was a major breakthrough in the cul-
ture of marine fish larvae  Kitajima and Koda
1976, Fukusho 1989, Watanabe et al, 1983,
Kitajima 1983!. Evaluating the nutritional
quality of the mullet larvae's first food  i.e.,
rotifers! was also a major focus of our re-
search.

The results have been incorporated into
a larval rearing strategy which has resulted in
larval survival and growth during the first 50
days post-hatching that is unprecedented for
this species. In this report, the results of our
experiments are summarized and the most
effective larval rearing procedure developed
for the mass rearing of mullet larvae is
presented.

Method of Cuitorirtg Rotifers

Rotifer culture at The Oceanic Institute

can be characterized as a batch system  Lub-
zens 1987!. First, 600 liters of phytoplankton
�0 - 20 million cells/ml! are inoculated with
100 rotifers/ml. Twenty four hours later, the
volume is increased to 1,200 liters with algae.
After another 24 hours, the entire tank is
harvested and the rotifers are fed to fish larvae

immediately or are used to stock additional
rotifer culture tanks. On average, an 88%
increase in the number of rotifers is achieved

over the 48-hour growing period in this sys-
tem. Average daily production is 160,000
rotifers/liter, which is relatively high in com-
parison with other reports. This is largely due
to our high initial stocking density  Lubzens
1987!. The high density allows us to maintain
a smaller rotifer production facility. A major
drawback to this method, however, is the long
start up time required in the event of a crash.

Food for Rotifers

Several different feeds have been

employed for growing rotifers using the same
protocol. For example, two types of phyto-
plankton, Nannochloropsis ocrdata and Tetra-
selmis tetrathele have been used to culture

rotifers in our laboratory. The phytoplankton
culture methods are presented elsewhere  Eda
et al. 1991!. Use of T. tetrathele has been
reported to result in a higher rate of B.
plicatilis production compared to other algal
species  Okauchi and Fukusho 1984!, and our
results are consistent with those reported
 Table 1!. At present however, we culture
rotifers with N. oculata because it produces
rotifers with higher protein and lipid contents
 Tables 2 and 3!. Data to be discussed iri
another section reveal that this species of algae
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Table 1. Average daily rotifer production
from 1,200-liter rotifer tanks during the
1990 mullet season.

Nutritional Quality of Rotifers

Table 2. Amino acid profile of rotifers cultured on a variety of different feeds  mg/100 mg
dry weight}.

possesses more than adequate amounts of
protein and atty acids for mullet larvae.

Baker's yeast, used either alone or in
combination with phytoplankton, has also
been reported to be an adequate feed for
rotifers Piirayama and Funamoto 1983, James
et al. 1987!, We have also used baker's yeast,
and a summary of the average daily production
obtained during this year's trials with the
various feeds is presented in Table l. With the

exception of T. retrathele, the average daily
production values do not differ very much for
the different feeds. However, it should be
noted that rotifer production varied consider-
ably when yeast was used exclusively as a food
source. Such variation in production has also
been reported in the literature  Hirayama
1987!.

Protein

The amino acid profiles of rotifers cul-
tured on a variety of feeds were determined
after hydrolysis with a Dionex D-300 amino
acid analyzer using a sulfonated polystyrene
column. The range in total protein content was
38 - 42% depending on the food given to the
rotifers, We detected no differences between

the protein levels of rotifers cultured with N.
oculata, baker's yeast, or a combination of
both. Our results were consistent with those
reported in the literature  Lubzens et al, 1989!.
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Table 3. Fatty acid profile of rotifers cuitured on a variety of different feeds  rng/100 mg
dry weight!.

Mullet eggsYeast + N.

ocu/ate

Baker' s

east
Fatty acid N. oblate T. tetra thele

5.91 14.304.84Total Fa acids 4,996.98

 highly unsaturated fatty acids, or HUFAs!
have been reported to be essential for early
larval fish survival and growth  Watanabe et
al. 1983!. The amounts of KPA and DHA in

- the rotifers was inversely proportional to the
amount of yeast in their diet. Further, the
relative amounts of these two HUFAs ob-

served are consistent with past reports on the
effect of rotifer feeds on their fatty acid
profiles  Watanabe et al. 1983, James et al.
1987, Lubzens et al. 1989!. A question not
usually addressed however, concerns the ap-
propriate levels of HUFAs required for the
fish larvae in question. Hence, we compared
the fatty acid profiles of the rotifers to that of
fertilized mullet eggs  Table 3!. In another
section of this report we address the question
of defining the amount of fatty acid required
by striped mullet larvae.

Rotifers grown on T. tetrathele in our
laboratory had much lower levels of threonine,
methionine, and isoleucine, compared to those
grown on N. oculata and yeast P'able 2!, For
comparison, the amino acid profile of fertil-
ized mullet eggs is also presented. The profile
most similar to mullet eggs was obtained from
rotifers fed half yeast and half K Oculata.

Fatty Acids
The fatty acid profiles of the rotifers

grown on a variety of foodstuffs were also
determined  Table 3!, Rotifers were freeze
dried and lipids were extracted as described by
Folch et al. �956! and methylated using the
method described by Klopfenstein �971!.
Methylated fatty acids were quantified on a HP
5840A gas chromatograph. As has been
reported elsewhere, significant differences
were seen between groups. Eicosapentaenoic
acid  EPA! and docosahexaenoic acid  DHA!

Myristate
Palrnitate

Palmitoleate

Stearate

Oleate

Linoleate

Linolenate

Octadecatetraenoate

Eicosenoate

Arachidonate

Eicos apentaenoate
Erucate

Do cosahexaenoate

0.34

1.33

1.73

0.39

0.42

0.31

0,01

0.01

0.21

0.43

1.25

0.04

0.51

0.17

0,93

0.31

0.22

0.39

0.76

0.51

0.08

0.51

0.16

0.52

0.20

0.08

0.17

0,49

1,38

0.30

1.20

0.59

0.05

0.03

0.39

0.11

0.09

0.08

0.11

0.23

1.15

1.30

0.29

0.73

0.38

0.03

0.03

0.29

0.30

0.68

0.05

0.45

0.23

1.72

3.61

0.41

3.70

1.91

0.15

0.05

0.13

0,44

0.67

0.09

1.19
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Figure 1. The top graph presents the time at
which striped mullet larvae begin to feed when
presented with rotifers. Each point represents
the percentage of feeding larvae from 20in-
dividuals sampled. The!ower graph presents
the average number of rotifers eaten per larvae
during the first 104 hours post-hatch. Each
point represents the average from 20in-
dividuals and the bars represent the observed
ranges.

initial Feeding of Striped Mullet
Larvae

Rotifers are the primary component of
the initial feeding regimen for a variety of
marine fish species  Watanabe et al. 1983,
Lubzens 1987!. One of the principal concerns
in the mass culture of larval fish is the ap-
propriate time at which to introduce rotifers.
Traditionally this is done somewhere between
when the mouths of the larvae first open and
when the yolk sacs are completely absorbed.
This time period can be comparatively long
 e.g,, weeks, as observed in some freshwater
species such as catfish and the salmonids!, or
short  e,g., a few days, as observed for xnost
marine species!. The mouths of muQet larvae
are open and yolk sac absorption is reportedly
complete by the second and fifth day after

hatching, respectively  Kuo et al. 1973, Nash
et al. 1974!.

The time of first feeding and the early
effects of starvation were determined by sam-
pling individuals from a 5,000-liter rearing
tank and a 500-liter fiberglass tank stocked
with larvae from the same spawning. Initial
stocking densities in both tanks were 20 lar-
vae/liter. The 5,000-liter tank was stocked
with rotifer and algae at densities of 10 - 20
ind. and 500,000 cells/ml, respectively. The
500-liter tank was not supplied with phyto-
plankton or rotifers. Groups of 20 larvae were
collected from both tanks at four-hour inter-
vals during the first three days after hatching,
and at eight-hour intervals the foUowing seven
days. Total length, gut content, and percentage
of fish feeding were recorded at each interval.

In this study, a few larvae began feeding
on S-type rotifers at 70 hours  Fig. 1!. By 80
hours the majority of larvae possessed rotifers
in their gut. Apparently, active feeding begins
before completion of yolk sac absorption.
Also, a difference in the total length of fed and
unfed larvae can be detected as early as three
and a half days after hatching  Fig, 2!, This
further implies that larvae may gain nutritional
benefits from rotifers prior to completion of
yolk sac absorption. The effects of withhold-
ing food from larvae were seen much earlier
than previously reported  Kuo et al. 1973,
Nash et al. 1974!. We concluded, therefore,
that food should be presented to the mullet
larvae by 36 hours after hatching, when the
mouth is first open, a day before the larvae
actively begin to feed. This feeding strategy,
currently used in all rearing trials, is designed
to ensure the availability of food at the earliest
time. In this manner, the effects of early
starvation observed in mullet larvae and other
species  Lasker et al. 1970! can be avoided.
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Initial Larval Nlullet and Rotifer
Density

Figure 2. Average grovvth of fed and unfed larvae during the first 240 hours post-hatch. Each point
is the average totai length obtained from 20 individuals. No larvae from the unfed group survived
after 792 hours.

The growth and survival of marine fish
larvae are also significantly affected by the
ratio of predators to prey  Houde 1977,
Werner and Blaxter 1980!, hence culturists try
to provide fish larvae with a suitable number
of food organisms, usually deriving the
amounts empirically. Because of its size and
capacity to be cultured in very large numbers,
the S-type rotifer Brachionus plicatilis is the
most popular organism for initial larval feed-
ing  Lubzens 1987!. One of the first steps
toward improving and stabilizing overall lar-
val survival under hatchery conditions is iden-
tifying optimum initial densities of rotifers and
larvae.

We designed a series of experiments to:
1! ascertain the effect of rotifer density on the
incidence of first feeding in mullet larvae and
2! determine the growth and survival of mullet
larvae in response to various rotifer and larval
densities during the first eight days post-hatch-
ing. This was accomplished by using a 2 x 3
factorial design which tested the effects of two

rotifer and three mullet densities. Rotifer
densities were 1 and 10 rotifers/ml whereas
larval densities were 25, 50, and 100 lar-
vae/liter. The experiment was camed out from
hatching to eight days post-hatchoig, at which
time larval survival and dry weights were
determined.

Results from the experiments are sum-
marized in Figures 3 and 4. It is apparent that
the incidence of first feeding mullet larvae is
significantly affected by rotifer density. This
indicates that at first feeding, the mullet larvae
strike randomly at whatever prey swims into
their path. This is consistent with the observa-
tions made when mullet larvae are given a
variety of food organisms to choose from  Eda
et al. 1991!. On the other hand, the significant
increase in the percentage of larvae feeding by
the fourth day post-hatching indicates that by
this time, the larvae are actively pursuing their
prey. Providing a "high" density of rotifers at
initial feeding should ensure that a high per-
centage of mullet larvae begin to feed. The
upper limit however, was not determined in
this investigation.
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Figure 9. Changes over timein the percentage
of mullet larvae feeding during the first eight
days post-hatching, with the larvae stocked at
various rotiferllarval ratios. The numbers repre-
sent:  rotifera'ml!l larv aevi ter J.

The fact that there was no difference in
survival between treatments was unexpected,
because the densities tested represent an order
of magnitude difference in the amount of food
available per larva. However, survival alone
is not an adequate index of the effects of food
densities. The dry weights obtained from each
treatment indicate that the most appropriate
food density is 10 rotifers/ml for densities of
25 and 50 larvae/liter. Larvae in the other

treatments were merely surviving and would
most likely not have survived a complete larval
rearing trial of 50 to 55 days.

Temporal Changes ln Food
Preferences Exhibited by Mullet
Larvae

Both the size and shape of prey organisms
have been reported to infiuence growth and
survival of cultured fishes  Blaxter 1963!. This
implies that first feeding larvae exhibit prefer-
ences for certain feeds. To gain insight into
the 'temporal changes in food preference ex-

Figure 4. Observed dry ~eights of larvae ob-
tained from the various rotiferllarvae stocking
densi ties.

hibited by striped mullet larvae, newly-
hatched larvae were stocked in three 500-liter
fiberglass tanks at a density of 20/liter. Three
types of live feed: S-type �10 -230 pm lorica
length! and L-type �30 � 340 pm! rotifers, and
newly hatched nauplii of Arremia salina �50
- 500 pm total length! were stocked at densities
of 3, 3 and 0.3 ind./ml, respectively  Fig. 5!.
Food densities in the water column were
monitored daily and maintained at the desig-
nated densities. Larvae were sampled on Day

Figure 5, The live food organisms usedin the
food selectivity experiment, A = freshly
hatched Artemia nauplii, 8 = l:type rotifer, C
= S-type rotifer. All photographs were taken
at the same magnification, 40X.
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Figure G. Changesin the forage ratio during
the first 20 days after hatching for mullet lar-
vae presented three feeds. The bars represent
the average ratio obtained from three ex-
perimental tanks. Lines represent standard
error.

3, 4, 6, 8, 10, 13, 16 and 20 post-hatch, and
again approximately one hour after the addi-
tion of Artemia nauplii. A random sample of
20 larvae was then subjected to gut content
analysis with a compound microscope. The L-
and S-type rotifers were distinguished by size,
shape, and shape of their anterior spines, as
described by Ito et al. �981!.

Initially, the gut content compositions
mirrored what was present in the water
column: S-type rotifers were the most abun-
dant, fo11owed by L-type rotifers and Anemia.
Between Days 6 and 10 gut content changed
and after Day 10, Artemia nauplii predom-
inated. If the relative proportion of food or-
ganisms in the water column is accounted for
 Ivlev's forage ratio; I in gut/% in water
column!, larger food types predominated Rom
Day 4 onward  Fig. 6!. From Day 6 the forage
ratio is highest to lowest for A. salina nauplii,
L-type rotifers and S-type rotifers, respective-
ly. The S-type rotifers employed in our study
may be suitable as an initial food organism,
but the food selectivity experiment demon-
strates that feeding preferences shift quickly.

Mullet survival may be further enhanced with
the introduction of a more suitable food or-

ganism. Anemia nauplii however, are the only
live food organism that can be supplied con-
sistently and at appropriate densities.

Nutritional Quality of Rotifers

It has been well established that baker' s

yeast can be used as an algal substitute in
rotifer production. There are obvious benefits
to this practice, such as the reduction or
elimination of algal production facilities.
However, there is a price to pay in terms of
the nutritional quality of the resulting rotifers.
The suitability of yeast-fed rotifers for mullet
larvae was addressed during the 1989-90 mul-
let season. Larval rearing trials were carried
out in 30-liter polycarbonate tanks in which
spawned eggs were distributed to achieve an
initial stocking density of 20 - 25 larvae/liter.
Newly hatched mullet larvae were provided
rotifers grown exclusively on X oculata,
baker's yeast, and a cornbmation of half algae
and half yeast. The rotifers were provided
beginning on the second day post-hatching and
densities were maintained at 10 - 20 rotifers

/ml, No background algae was added to the
rearing tanks. The experiment was carried out
until 15 days post-hatching, at which time
survival and total length of the surviving lar-
vae were obtained. The fatty acid and amino
acid profiles of the resulting rotifers are given
in Tables 2 and 3, respectively.

The resulting percent survival, total
length and percentage of larvae possessing
flexion for the various groups are presented in
Figures 7a, 7b and 7c, respectively. Mullet
larvae reared on yeast-fed rotifers were sig-
nificantly smaller  p   0.01! 15 days after
hatching compared to other treatments. No
statistical difTerence in survival was detected
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Figure 7a. The observed survival of /5-day-o/d
mullet larvae given rotifers fed Nannochlorop-
sis ocufata, half baker's yeast and half algae,
and yeast alone. Average from triplicate tanks,
bars represent standard errors.

Fi gure 7b, pbserved total length of »-day-old
rnu//et larvae  n = 60/ given rotifers fed Nan-
nochloropsis oculata, half baker's yeast and
half algae, and yeast alone. Bars represent
standard errors,

Figure 7c. The observed percentage of »~ay
. o/d /arvae  n = bQJ given rotifers fed Nan
nachlotopsis ocular, half baker's yeast and
half algae, and yeast alone, observed with
f/exion. A verage was obtained from triP/ cate
tanks, bars represent standard errors

between mullet raised on N, Ocula/a-fed

rotifers vs. those given half algae and ha] f
yeast. Survival was, however, significantly
lower  p   0.01! for the larvae provided
rotifers grown exclusively on yeast.

The same graded response in the percent-
age of 15-day-old mullet larvae possessing
flexion was also observed for the different

groups. Because there is no significant dif-
ference in the amount of protein found in the
different rotifer treatments, we conclude that
the fatty acid composition of the rotifers is a
major contributing factor to the larval growth,
development and survival obtained in these
experiments.

Feeding rotifers N. oculata results in a
nutritiona1ly adequate rotifer both in terms of
protein and fatty acids. Producing enough
algae to mass culture rotifers, however, re-
quires immense tank space and can be a
limiting factor in hatchery productivity. Sub-
stituting half of the phytoplankton with baker' s
yeast results in a rotifer with equivalent protein
levels which are deficient in some fatty acids,
particularly, C 20:5 n-3. No significant dif-
ferences in larval survival and growth how-
ever, were detected between the N. oculata-
and N. oculata + yeast-fed rotifers. This
implies that the required amounts of HUFAs
are approximated by the rotifers fed the "half
and half" combination.

Interestingly, the ~3 HUFAs found in the
"half and half" rotifers mirrored those in

fertilized mullet eggs. In practical terms, this
means that the phytoplankton base of the
culturist's food web can be doubled without

increasing tank space or compromising the
nutritional requirements of mullet larvae.
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Figure 8. The correlation between survival an
initial stocking density obtained during the
1987 end 1988 mullet larval rearing seasons,

Large-Scale I arval Rearing Trials

Initial feeding and larval stocking den-
sities resulting in optimal survival were 10
rotifers/ml and 25 and 50 larvae/liter. Ta
verify this result, large-scale rearing trials in
which we varied the initial stocking densities
of mullet larvae  range: 11.1 - 60.8/liter! were
conducted between 1988 and 1989. Food den-
sities did not vary �0 - 20 rotifers/ml and
500,000 cells/ml!.

A significant, inverse relationship was
found between initial stocking density and
percent survival  p   0.01, r = -0.58!  Fig,
8!. The results confirm the optimal initial
feeding and stocking densities defined in the
small scale experiments described earlier.
The relationship between survival and stock-
ing density has been reported in previous
studies of mullet and other cultured teleosts
 Blaxter 1968, Okamoto 1969, Kuo et al.
1973, Nash and Kuo 1975!. Interestingly,
similar larval densities  in the range of 25-
50/liter! were reported to be optimal for red
sea bream, Pagrus major  Yamaguchi 1978!,
redlip mullet, Iiza haernatocheila  Fujita

1979!, and rabbitfish, Siganus guttasus  Hara
et al. 1986!.

Rotifers and background algae are
provided to larvae beginning on the second day
post-hatching. Although the S-type rotifers
employed in our study may be suitable as an
initial food organism, mortality continued to
occur between Day 10 and 15. The food
selectivity experiment demonstrated that the
feeding preference shifts during this time,
suggesting that survival and/or growth may be
further improved with the introduction of a
more suitable feed. The L-type rotifer grows
best under temperate conditions and low
salinity  Hagiwara et al. 1989! and has proven
more difficult to mass culture than the S-type
rotifer in Hawaii. Artemia nauplii are the only
other organism that can be supplied consistent-
ly and at appropriate densities.

Although initial stocking densities in
1988 were lower than in 1987, resulting har-
vest densities were at least two times greater.
Growth was also significantly improved in
1988  Fig. 9!. The faster growth could not be
attributed to temperature, since average water
temperatures were equivalent in both years.
The two seasons can be distinguished primari-
ly by the time at which Artemia nauplii were
introduced, Day 25 - 26 in 1987, Day 20 in
1988. This probably contributed to the in-
creased growth and survival observed in 1988.

Whether the current practice of provid-
ing rotifers until Day 40, or the previous
practice of weaning larvae onto Artemia
nauplii between Days 12 and 15 post-hatching
 Nash et al. 1974! is better remains to be
answered. Although the proportions of the
different food organisms found in the gut
changes as development proceeds, both
rotifers and Artemia are found in the majority
of larvae. We believe the continued addition
of rotifers after Day 15 alleviates competition
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Figure 9. Average growth observed for mullet larvae from two successive larval-rearing seasons. N
= 9 and N = 11 trials for the 1987 and 1988 seasons, respectively. Bars represent standard er-
rors. Open circles = 1987 and ciosed circles = 1988.

 . 'gure 10. Survivorship curves from various
reanng tnals wjth stnped mullet larvae
reported in the literature. Alsoincluded are the

<-.. results of Trials ¹3 and ¹4 from the 1988
season at The Oceanic Institute. 1972 = Kuo
et el 19731 1977 = Nash eral. 1977.

P..

for Artemia nauplii and increases survival of
the smaller larvae. However, a comparison of
the survivorship curves available in the litera-
ture  Fig. 10! indicates that most of the mor-
tality experienced in rearing trials of mullet
larvae occurs during the initial 15 days post-
hatching, independent of the feeding regimen
 Liao et al. 1972, Nash et al. 1977, Eda et al.
1991!. This comparison also demonstrates that
the major improvements in overall survival
obtained in our current rearing trials is
primarily due to the improved survival during
the early stages.

The aforementioned findings have been
incorporated into a larval rearing protocol for
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cally increased our harvest densities. Lastly,
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Table 4. Summary of large-scale �,000-!iter! striped mullet larval rearing trials during the
1987, 1988 and 1990 seasons.

Harvest density
 no. ind.Riter!

Stocking density
 no. ind.jliter!

Total length
 rnm. 60 days!

Survival
 '%!

1987 Trials

2.6I5.5

2.118.4

3.338.4

2.4

2.5

43.1

23.4

2.922.0

34.010.02.726.8

24.5

5.1

22,7 29.05.6

26.23,460.8

108,500 juvenile muUct produced

Total length
 mm, 60 days!

Survival
 %!

Harvest density
 no. ind.Riter!

Stocking density
 no. ind.Riter!

1988 Trials

19.633,713.7 4.6

20.7 16.652.210.8

20.3

24.4

15.6

21.8

43.510.524,0

48.66,8

3.7

3.6

13.9

24.215.3

12.5 29.1

19.15.930.6

23.42.6

34.9

38.5

19.7

6.017. I

16.710 6.4

3.819.3

~ to>1 length determined at day 45.

258,400 uvcnile muUct roduced

1990 Trials Total length
 mm, 42 days!

Harvest density
 no. ind.lliter!

Survival
 %!

Stocking density
 no. ind,jliter!

43.19.020.9

46.612 326.5

61.922. 8 14.1

66614.7

11.6 62.51$.6

59.313,222,3

64.912.2

14,6

18.9

69.221 I

, 60 juvenile mullet produced
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16.9

11.3

8.5

5,6

10.7

13.1

21.1

1$.2

19,$

23.4

30.$

31.2

31.3

17,4

26.7

24.3

17.7

15.5

13.9

16.3

18.5

16,1

15.3

15.0
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Commercial Production of Microalgae and
Rotifers in China

Jiao Fen Chen
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7 Nan-hai Road, Qingdao
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ABSTRACT

sp. and published their culture methods. Jin
et al. �96'! studied optimal growth conditions
for three cultured diatoms. Before 1980,
Phaeodacrylum rricornutum and Tetraselmis
subcor difonnis were the only species cultured
for shrimp. The former, however, was grown
at temperatures below 25'C, and the latter was
too large and therefore unsuitable as feed for
newly hatched larvae. Furthermore, many
technical problems remained unsolved in those
open cement pond cultures. For example, the
seawater was inadequately treated, thus zoo-
plankton propagated quickly, resulting in cul-
ture failure and an insufficient supply of live
feeds. This restricted the development of
marine animal culture.

After 1980, many species were isolated
from our coastal region. In additiort to Gym-
nodirtium sp.  Guan et al. 1980!, others such
as Chaetoceros muelleri  Chen et al. 1982, Ma

INTRODUCTION

With the development of marine animal
farming in China, commercial production of
larvae has become a key problem. Live feeds
are the basal diets for marine larvae; their
quantity and quality affect survival and growth
rates. This paper summarizes the present state
of commercial production of microalgae and
rotifers in China.

COMMERCIAL PRODUCTION OF
1VllCROALGAE

Studies of microalgae culture in China
began in the 1940s. In order to supply live
feeds to the larvae of marine animals, Guo et
al. �959! isolated two unice11ular green algae,
>efraselmis  Pl gymonas! sp. and Dunalielirt

Techniques for the coinmercial production of micraalgae as feed for the larvae of Chinese shrimp  Penaeus
chinensis! and scallops  Chfaniys farreri and Argopecren irradians! are summarized, and the microaigal
production facilities used in the People's Republic of China, including cement ponds, fiberglass tanks and
transparent polyethylene bags, are described. This paper also presents methods used in the mass production of
rotifers in earthen ponds in North China to feed P. chinenris and finfish larvae.
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Table 3. Analysis of nutrient components of six species of microafgae

inoculation Density of Algae

Species

This species was reported as Dicrarc'ria thanjiangarLris Hu sp, nov., but no description of the new species is availabie.

1986!, Dicrateria sp,  Chen et al. 1978 !,
Tetraselmis sp.  Zhang and Li 1983!,
Isochrysis galbana 3011  a warm water strain!
 Chen and Pan 1987! and Pavlova viridis
 Chen et al, 1985, Tseng et al. 1990! were
isolated. AII of these species have been cul-
tured commercially as feed for the larvae of
marine animals or zooplankton.

In 1985, we introduced Isochrysis gal-
bana  an excellent feed for the larvae of scaI-
lops! as well as the other species listed above
and their culture techniques to farmers along
the coast of China. All of these algae can be
cultured at 25'C. Recently, we analyzed the
nutrient composition of the six microalgae and
found that Pavlova viridis has the highest
protein content  up to 62.25%!  Table I!. The
reproductive rate and fecundity of P. vi ndis-
fed rotifers were also highest.

The species which are now used exten-
sively as feed for marine ammals are Phaeo-
dactylurn rricornuturn, Isochrysis galbana,
Chaeroceros muelleri, Dicrareria sp �Terra-
selntis subcordifor7nis and Terraselmis sp.
The optimum growth conditions for these
algae and the recently introduced Pavlova

viridis are summarized in Table 2. Phaeodac-
tylum rricornutum is suitable as feed for scal-
lop broodstock because it grows faster than the
other species at the low temperatures which
prevail during early spring. Isochrysis gal-
bana and P. viridis are better for the scallop
larvae. The later larval stages are also fed with
some T. subcordiformis. In the culture of
shrimp, I. galbana, C. muelleri and D. sp. are
all good larval feeds.

A dense inoculation is necessary if one is
to achieve success in open cultures. Ordinari-
ly, the inoculation density for T. subcordifor-
mis is 8 - 10 x 10 cells/ml, whereas 30 - 504

x 10 cells/ml is used for the other species.4

Under optimal conditions, all species will
propagate rapidly, reaching population peaks
in four to five days. The maximum cell density
reached in cement ponds and tanks is 70 - 100
x 10 cells/ml for T. subcordiforrnis, 200 -250
x 10 cells/ml for C. muelleri, 180 - 200 x 10
cells/ml for I. galbana, 150 - 180 x 10
cells/ml for D. sp. and 250 - 350 x 10 cells/ml
for P. viridis. Dense cultures are pumped into
the animal culturing ponds to feed the larvae.
With cement ponds and fiberglass tanks, 10-
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Table 2. Optimum growth conditions for six microalgae.

Baaed on data of Chen et al. 197tt

Production Facilities

Algae Culture Facilities

20 tons of algae can be produced per 100 � 250
m of culture. One 28-m polyethylene bag,3 3

by contrast, can yield 3,5 - 5 tons of con-
centrated algae.

Algae culture takes place in two rooms,
a stock room and a production room. The roof
of the stock room is covered with ordinary
tiles, and culture vessels are exposed to either
natural light or light from fluorescent lamps.
The roof of the production room, by contrast,
is covered with transparent fiberglass rein-
forced plastic  FRP! tiles. The windows
around the room provide sufficient illumina-
tion. A number of cement or fiberglass tanks
are built. The ratio of water volume used for

animal culture to that used for algae culture
should be 2: 1 for scallops and 5: 1 for
shrimp. Thus, the tanks for animal breeding
are generally 500 rn and those for algae3

culture 100-250 m .

Culture Vessels of Stock Room

Thirty 3-liter flasks, fifty 2-liter slender-
mouth carboys and thirty O. 1-ton fiberglass
containers are needed to culture scallops. All

culture vessels are inoculated continually to
supply algae to the open, cement ponds or
tanks.

Three kinds of enclosures are used' .ce-

ment ponds, fiberglass tanks, and polyethy-
lene bags.

Cement ponds are usua1ly rectangular
and measure approximately 4 m in length, 3
m in width and 0.8 m in height, depending on
the requirement. When the culture medium is
0.6 m deep, the total capacity of a pond is
approximately 7.2 tons. The ponds are ar-
ranged in two rows running south-north in
rooms with sufficient sunlight. Each row has
seven to 18 ponds. An inlet pipe is installed
at one end of each pond and an outlet is placed
at the other end. Four openings to which air
stones can be fitted are available on each side

of a pond. Cement ponds are the most common
type of culture enclosure for commercially
produced algae to be used as feed for the larvae
of marine animals, especially scallops
 Chlamys farreri, Argopecren irradians! in
China. Their advantages include low cost and
easy management, but they are fixed facilities
which require a great deal of land. They are
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also easily contmimited by protozoa and other
airborne microorganisms.

Fiberglass tanks, adopted by the Binhai
Shrimp Farm in Tianjin  Fig. 1!, are cylindri-
cal containers with white interiors. Each tank
is 3 m in diameter and 1.2 m taH. A 6.5wm
dia. outlet is located in the middle of each
tank's base. A rocker arm made of plastic pipe
is connected to the outlet hole; water flows
when the rocker arm is put down. The fiber-
glass tank is placed on a 25-cm high trans-
parent fiberglass tray filled with fine sand or
cement. This platform supports the tank's
bottom A length of plastic flexible tubing is
fixed inside the tank with iron wire. Eight
pipes with airstones are attached to the tubing
for ventilation and to prevent dead space.
These culture containers can be moved freely.

The use of transparent polyethylene bags
for semi-closed culture  Fig. 2! was first
adopted by Lin and Chen �987!, The bags are
hung under a simple outdoor shelter, which is
52.5 m long, 2.3 m wide and 2.5 m high. Its
roof is constructed of white FRP tiles to
prevent exposure to direct sun. There are two
cement platforms, 49.0 m long, 0.5 m wide
and 0.55 m high, under the shelter. Up to 140
bags can be placed on the platforms, The total

Fipure 1. A fiberplass tank vsedin the commer-
cial pI oduction of microalgae.

volume of water in each bag is 28 m . The
polyethylene is 0.12 mm thick, and each bag
measures 1 m in circumference and 3.7 m
long. Each bag has a capacity of 0.2 tons.
Two plastic tubes, 5 cm in diameter and 20 cm
in length, are placed in each of the bag's
openings and fastened with a rope. The bag is
folded into a "V" shape and placed on the
cement platform. The plastic tubes are fixed
to the shelter and airstones are suspended from
each bag's bottom for continuous aeration.
Algae and culture medium are poured into the
bag through the plastic tube and harvested with
a siphon.

Fi gure 2. Schematic diagram of a polyethylene
bap used for semi-closed culture. �J simple
shelter; �J plastic tube; �J flexible pipe for
ventilation; �J air stone; �J soft pipe used to
regulate the culture temperature:  GJ cement
platform; �J polyethylene bep;  8J a/pae and
medium.
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Depending on the environmental condi-
tions and the requirements of the algae, a
curved, flexible plastic tube, 2.5 cm in
diameter and 10 m long, may be placed in the
bag, with an inlet hole on one side and an outlet
hole on the other. This is to regulate the
temperature. Water having a higher or lower
temperature can be pumped in, and bags can
also be positioned flat on the platforms or on
land  Fig. 3! and their net volume can exceed
4 m  Miao et al. 1989!.

Polyethylene bag culture has the advan-
tages of simplicity, low cost, a large surface
area exposed to light, utilization of three
dimensional space, little contamination, high
density �92 - 640 x 10 cells/ml for D. sp. in
four to five days! and the possibility of con-
tinuous culture. It has been shown to be more
efficient than open culture in cement ponds or
tanks.

Treatment of Seawater

The seawater used for mariculture is
pumped from the nearshore coast. The water
passes through a sand filter and is settled for
48 hours before it is used in the ponds. If the
seawater contains a great deal of organic
material and is turbid, it first must be sedi-
mented by addition of 40 to 60 ppm alum,
followed by sand filtration or adsorption by
activated carbon. Five to 10 ppm of sodium
hypochlorite containing 5 - 8% effective
chlorine is added to the seawater in the algae
pond to kill zooplankton and other microor-
ganisms. After one hour, 7 ppm sodium thio-
sulfate is added to neutralize the residual
chlorine in the water before use.

Culture Conditions

We primarily use natural sunlight,
together with one or two 500-watt iodine
tungsten lamps placed above the ponds. These
provide supplemental light on cloudy or rainy
days. Ambient temperatures are usually suf-
ficient, but a plastic, 1,000-watt electric heater
is installed in the ponds for cool days. All
species cultured are euryhaline, but if neces-
sary, the salinity can be 1owered by dilution
with fresh water, or increased by adding salt
or brine.

Nutrient Medium

For each ton of seawater, 60 g NaNO3
and 4 g KH2PO4 are added to aD cultures. For
cultures of Chlorophytes such as T. subcor-
diformis and T. sp�18 g NH2CO2NHz is
added, while Chrysophytes such as I. galbana,
D. sp. and P. viridis receive an additional 100
mg of vitamin B> and 0.5 mg of vitamin Biz.
Only agricultural-grade fertilizers and vita-
mins are used.

Figure 3. Schematic diagram of a polyethylene
microalgae culture bag laid flat. �! influent
gas tube; �! polyethylene film seal; �! rope
sling; �! polyethylene bag; �! algae medium;
�! gauze stopper at the gas outlet.
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COMMERCIAL CVLTIVATION OF

ROTIFERS

Rotifers were originally cultured as feed
for the larvae and juveniIes of fish when
scientists were studying their reproduction and
life history. Because of the recent progress
made in the commercial cultivation of marine

animals, most rotifer culture research has been
done since 1980. For example, Wang and
Liang t'1980! studied the effect of temperature,
salinity, feed and microalgal density on the
growth and hatching of the rotifer Brachiottus
piicatilis, They showed that the optimal tem-
perature range for hatching was 20 - 25'C,
and the optimum salinity was 17.53 ppt. They
also found that Tetraselmis svbcordiformis,
Chlorella sp., Chlamydomonas sp. and
Nitzschia closterium f. minutissirna were all

excellent feeds for rotifers, although the green
algae Tetraselrnis was better than the others m
mass culture. The most suitable density for the
Tetraselmis feed was approximately 2.5 - 5 x

' 10 cells/mL

Zhang �983! carried out a B. plicatilis
culture experiment in which he used the live
beer yeast, Saccharorrtyces cerevisiae, as feed.
He found that the optimum inoculation density
is 14 - 17 ind./ml at 25'C. When the tempera-
ture is 30'C, the optimum feeding quantity of
yeast is 3 g/g rotifer. Zhang also added ap-
proximately 80 ppm emulsified fish liver oil
to the yeast, thereby improving the rotifers'
quality as feed. These studies provided the
basic information for rotifer mass culture.

However, naturally occurring B. plicarilis are
about 270 pm long and 190 pm wide. These
are good feed for Paralichthys oJivaceus and
Mugil so-i' but are too large for the newly
hatched larvae of some fish, including Spartts
macrocephalus and Pag rosomus tnajor. For

this reason, smaller Ostrea juveniles often
replace B. plicatilis in fish breeding.

Recently, workers from the Institute of
Oceanology, Academia Sinica and the Depart-
ment of Biology of Ocean University of Qing-
dao have collaborated on studies of B.

plicati7is mutations and have selected a
micromutant, BFI-21. This rotifer is only 185
pm long and has been stabilized genetically
over 50 - 60 generations. This achievement
will significantly promote the culture of
economically valuable fishes.

Rotifer Culture Techniques

The rotifer culture facility at the Binhai
Shrimp Farm has twelve fiberglass tanks.
Each has a capacity of 2 tons and is divided
into an upper cylindrical body and a lower
conical bottom  Fig. 4!. The transparent
fiberglass body is 2 m in diameter, 1,2 m high
and about 2 mm thick. A 20-cm long rim

Figure 4. Transparent fiber p/ass tank for rotifer
cu ture.  t! tank rim; �J cyfindrical body; �!
con/ca  bottom; �! cement p!etforn7. �! lamp
shelf; �i va/ve.
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constructed of similar materials is glued on for
reinforcement. Beneath the body is a conical
bottom made of a thick plastic plate equipped
with a drain. The tank rests on a 50-cm high
cement platform. There are four light shelves
around each tank, each with two fluorescent
tubes, one red and one blue. These offer
supplemental light on cloudy days.

With the development of the shrimp cul-
ture industry, the demand for Arremia cysts to
feed the mysis stage of Penaeus chinensis
increased dramatically. As a result, Artemia
cysts were over-harvested, reducing natural
production and causing prices to rise sharply.
Therefore, scientific and fisheries workers
turned to rotifer culture to replace Anemia and
reduce the cost of producing P. chinensis.

Workers at the Institute of Oceanology of
Academia Sinica in cooperation with the
workers at the Mariculture Farm of Jiaozhou
county successfully grew high density rotifer
cultures in earthen ponds in 1987-1988. Only
five to seven 1-mu �5 mu = 1 ha! earthen
ponds are needed to feed 100 million shrimp
fry. Basic manure and organic fertilizers are
added and the salinity is monitored and ad-
justed with fresh water  optimum salinity:
18%! in the spring. To supplement the natural
food, some soybean milk and bean dregs are
added. Rotifers reproduce rapidly in the highly
enriched water, without competition from
other organisms.

The rotifer ponds can be harvested alter-
nately every day during the shrimp hatchery
senon. Two-thirds of a pond's volume is
pumped through a large net and the rem:uning
one-third is then diluted with clean seawater

and left to produce more rotifers. Many
rotifers can be harvested every day. The
highest density reported was 34.5 rotifers/ml.
The survival rate of P. chinensis larvae can

reach 80% when rotifers are used as feed.
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ABSTRACT

The facilities and techniques used ta mass culture Nannochloropsis oculata and Brachiortus plicarilis at
Sung-Ji Industry are described.

INTRODUCTION

System Design

The facility used for larval production is
25 m above the mean water level. This allows
us to use gravity to transfer the microalgae and
rotifers, saving energy and labor.

Recently, fish culture has become
popular in Korea, and many production
centers have been established. Because of a
shortage of wild larvae, however, it is neces-
sary to produce large quantities of various
species in hatcheries  Table 1!.

Sung-Ji Industry was established in 1989
in Chung-Mu in the southernmost part of
Korea for the primary purpose of fish larval
production. Our goal in 1990 was to produce
one million larvae: 200,000 red sea bream
 Pagrus major!, 500,000 flatfish  I'aralich-
rhys olivaceus! and 3QQ,000 rockfish  Sebastes
schlegelr!. Sung-Ji Industry is also operating
3 h«f fish culture cages for growout and 0.6
ha of larviculture tanks in Cheju Island,

Sung-Ji Industry has also released a study
on the live feeds used in fish larviculture. The

study reports on various kinds of microalgae
and rotifer culture along with their nutritiona1
composition and was conducted in collabora-
tion with the Korean Ocean Research and
Development Institute  Korean Ocean Res.
and Deve1op. Inst. and Song-Ji Industries
1990!.

The primary feed of cultured rotifers
used to be called Chlorella. In accordance with
Fukusho and Hirayama �989!, however, this
species will be called h'annochloropsis oculata
here.



Table 1. Annual fish seedling demand and estimated
production in 1990 .

Anon, 1990.

Reservoir tank
There is one 200-m capacity reservoir3

tank which is constantly resupplied with
seawater by means of four 100-hp pumps and
one 75-hp emergency pump. This tank is
located at the highest point, making it possible
to use gravity to propel seawater to the
microalgae, rotifer, and fish larvae tanks  Fig.
1!.

Figure 1. Schematic drawing of tank system.

Ph ytop/ankton culture tanks
These are used primarily to produce N.

octdata as feed for rotifers, Altogether, there
are eighteen 4 x 4 x 2.2-m concrete tanks, each
coated with fiberglass reinforced plastic
 FRP!. Each tank is supplied with seawater
through a main pipe �00 mm dia.! and salinity
is adjusted with well water, Air bubbles are
discharged through holes � mm dia.! in three
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16-mm dia. PVC pipes which are attached to
the bottom of each tank; a roots blower �.3
m air/min. capacity! provides the air.3

For clean-up and drainage, a 100-mm
dia. PVC standpipe is used. Next to the stand-
pipe is a 150-mm dia. transfer pipe which is
used either for inoculation or to transfer
chlorine-treated seawater. Nanrtochloropsis
ocular can also be transferred through this
pipe to the rotifer culture tanks  Fig. 2!. The
difference in height between these tanks and
the rotifer culture tanks is 2 m.

Rotifer culture tanks
There are five 6 x 3 x 1.8-m FRP-coated

rotifer culture tanks. The water depth is 2 m
and about 32 tons of water is used. In winter,
when the water temperature is low, a 300,000-
kcal boiler is used to heat the water that is then
circulated through pipelines. The temperature
is maintained between 23 and 25'C. For filtra-
tion, three plastic cages filled with oyster
shells and three pieces of folded nylon window
screening �0 x 70 m! are suspended 20 cm
from the bottom of each tank, trapping rotifer
excrement and food particles. Using a submer-
sible pump, rotifers are transferred to a 1 x 1
x 1.5-m harvesting tank which is a.ttached to
the outside of the rotifer culture tank  Fig. 1!.

At harvesting time, in order to reduce
rotifer damage, the water level is manipulated
with the outside standpipe and a 50-pm col-
1ecting net �0 cm long, 50 cm dia.! is im-
mersed in the tank. The net is gradually raised,
and the concentrated rotifers are transferred to

a secondary culture tank

Rotlfer secondary culture tanks  for
nutri tional supplementation J

This tank  dimensions: 2.5 x 2.5 x 1.5
m! is separate from the gravity flow system.

. Presently, there are four tanks used for rotifer

Figure 2. Outlets of phytoplankton culture tank
 insi deJ.

enrichment  Fig. 3! and one storage tank,
which holds heated water until it is needed.

The heating system is similar to that used in
the regular culture tanks, but a separate,
15,000-kcal boiler is used.

The heating pipe is equipped with a ther-
mal sensor and solenoid valve which enables
very accurate adjustment of the water tempera-
ture. The bottom of this tank is sloped �/100!
and the bottom pipe runs to the outside of the
tank, making it easy to collect and harvest the

Figure 3. /nternal structure and outside of the
ratifer collecting bag.
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Culture Process

Brachiortus plicatilis with a bag �0 cm dia.,
150 cm long!.

Nannochloropsis ocijlata culture
Our phytoplankton stock culture is

axenic and maintained in test tubes at 22 g

1'C. The photoperiod is 18:6 hours light
:dark.

Nannochloropsis oculata culture begins
in test tubes. The culture then proceeds to the
starter culture stage in 200-ml flasks and is
gradually expanded to the carboy culture
stage. Water, which has been pasteurized for
30 min. at 60 C, is used during this stage and
Guillard's F/2 medium  Guillard 1975! is
used.

The carboy culture is gradually expanded
to 100-, 500-, and 1,000-liter transparent plas-
tic tanks before it is finally transferred to a
35-m tank.

At this stage, one tank is used as a water
sterilizer, holding seawater that is treated with
calcium hypochloride �0% Cl!. In the sum-
mer 10 ppm is used, but in the winter only 5
ppm is necessary. Immediately after steriliza-
tion, for 24 hours, free chlorine is dispelled

Fipure 4. Growth of N, ocutata.

by strong aeration. 0-toluidine is used to test
for residual chlorine before the water is used

for culture.

The treated seawater is transferred to a

culture tank where its salinity is adjusted to 27
ppt by addition of weH water. About 4,000
liters of dense N. oculata culture is placed in
the sterile seawater. After inoculation, the
culture depth is approximately 1 m.

The following agriculture-grade fer-
tilizers are added per 1,000 liters of culture
water:

m 100 g ammonium sulfate,

~ 5 g urea,

m and 50 g superphosphate.
Superphosphate is autoclaved before use.

The rate of microalgal growth is ob-
served and sterile seawater and fertilizer are

added as needed. If there is a shortage of trace
metals an agricultural-grade trace metal mix is
added.

As shown in Figure 4, the average den-
sity of N. oculata immediately after inocula-
tion is about 300 x 10 cells/ml. On the second

day it climbs to approximately 500 x 10
ce1ls/rnl, and on the ninth day reaches about
2,000 x 10 cells/ml. When the growth rate
reaches its maximum, the algae is transferred
by gravity to rotifer or fish larvae tanks.

Rotifer culture

The rotifer population is a mixture of S-
and L-types. They are present in different
frequencies depending on the season.

Rotifers to ble used for inoculation pur-
poses  " seed rotifers"! are grown solely on N.
oculata. During the spawning season, the
rotifer stock culture is gradually upscaled into
a 32-m tank. Then, when the density reaches3

about 150 ind./ml, half of the rotifers are
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transferred to another tank by means of a water
pump or a 50-pm plankton net,

As shown in Figure 5, the initial rotifer
density is 70 - 100 ind./ml. On the fifth day
that number increases to 200 ind./ml, and
every five to seven days, a portion of the
rotifers  density: 100 - 200 ind./ml! is trans-
ferred to secondary culture tanks. The remain-
ing B. plicatilis are harvested and used to
inoculate another tank. Soinetimes the cultures
are thinned with a net in the middle of the
culture period.

Nannochloropsis oculata is fed to the
rotifers at the initial density of 2,000 x 10

4

cells/ml. When the water loses its green color,
approximately 0.5 � 1.2 g of baker's yeast or
~ yeast/million rotifers is added twice daily.
Baker's yeast is stored in a refrigerator and ~
yeast is stored at temperatures below -25'C to
prevent spoilage.

The oyster shells and folded nylon win-
dow screens are removed once a day and
cleaned with pressurized water. Waste, dead
rotifers, and air bubbles formed by N, oculara
are removed from the surface of the culture

water every day with a net. The pH is ap-
proximately 8.4 immediately following in-
oculation; on the second day it is 7.9, and 7.6
on the third day.

Secondary rotifer culture
To produce healthy larvae and decrease

the incidence of abnormally pigmented flat-
fish, we need to produce rotifers which are
high in ca3 HUFAs. To achieve this, it is
necessary to supplement the diet of the rotifers
with other nutrients.

In secondary culture, the following are
added after inoculation with 2,000 x 10 K
ocuhua cells/ml:

a fish oil einulsion �0 ml/m of culture
water!,

Figure 5 Growth of rotI'fers

~ vitamin mix  containing A, D and E, 100
ml/m of culture water!,

a and Frippak booster  a product of
SANOFI France Aquaculture! �.1 g/30
x 10 rotifers!.

Secondary culture lasts approximately 20
hours. Then the rotifers are collected by drain-
ing the tank slowly through a 50-pm nylon bag
�0 cm dia,, 150 cm long! which is attached
to an outlet pipe at the bottom of the tank  Fig.
3!. The concentrated rotifers are then washed
with clean water and fed to fish larvae.

Problems

For successful mass production of high
quality rotifers, the present microalgal produc-
tion system roust be improved. Less than
2,000 x 10 cells/ml is not enough for primary
and secondary culturing of rotifers. There-
fore, the following solutions are proposed for
consideration:

~ For effective illumination and aeration,
reduce the culture depth to 1.5 m;

m Develop a method for concentrating N.
oculata;



118 Pi

~ Select appropriate trace metal fertilizers;
and

e Substitute Tetraselmis for N. octtlata.
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