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ABSTRACT

A short history of marine zooplankton culture research and the status of their mass culture technology are
introduced in the preseiit paper. Copepods and cladocerans are excellent feed for larvae and juveniles of marine
finfish and various studies have been conducted to establish the technology for their inass culture. However,
only the copepod, Tigriopus japonicus can be successfully mass cultured. This has been accomplished by
combining its culture with that of Brachionus piicariiis and using baker's yeast or oi yeast as feed. Two to three
kg  wet weight! of T. j aponicus can be harvested daily aiid the maximum density attained is 10,100 - 22,048
ind./liter Ui outdoor 200-m tanks. However, the production cost is fairly high and microparticulated diets of3

high quality which approximate the size of copepods  I mm! have been developed. Therefore, no facility produces
cope pods intensively.

The rotifer, 3. plicatiiLr is the most important zooplankton for the mass production of marine finfish and
prawns. At present, it is possible to produce 1,2 trillion rotifers  nearly 2.5 tons wet weight! in one season at a
fish farming station  April to June!. The developmental phases of rotifer culture technology might be categorized
as follows: 1! introduction as a feed organism, 2! developinent of mass culture technology, 3! evaluation and
improvement of nutritional value, 4! accumulation of biological and genetic information, 5! investigation into
the nutritional requirements of rotifers, 6! environmental control of rotifer culture tanks and 7! automation and
mechanization of mass culture.

COPEPODS AND CLADOCERANS

Nikko Laboratory, National Research Iostiiu e of Aquaculture, Chugushi, Nikko, Tochigi, 321-16, JAPAN

Copepods and cladocerails are excellent
feed for both cultured and wild organisms
 Hirano and Oshima 1963, Shirota 1975!, and
various kinds of studies have been carried out
on these zooplankton. Most of the investiga-
tions were related to ecology, physiology, and
life history until 1960-1965 in japan, although

a few studies on their culture were attempted
 Matsudaira 1957!. Studies on the mass cul-
ture of copepods and cladocerans were begun
around 1965 to satisfy the requirement for live
feeds for the early stages of marine finfish
larviculture  Hirano 1966, 1984; kawasaki and
Kamiya 1977!.

The Fisheries Agency, the Ministry of
Agriculture, Forestry, and Fisheries  MAFF!,
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designed and organized a research project on
the mass culture of copepods and cladocerans.
Five prefectural institutes of fisheries and four
universities joined the project which began in
1972 and terminated in 1978. The results of

the project's research were compiled into a
book  Anraku 1979! including a bibliography
of 175 papers, which detailed basic research
on the mass culture of copepods and clado-
ceraiis. The project's goal was to mass culture
each species at a density of 5,000 ind./liter,
50 times their density in nature. The promising
species for mass culture are listed in Table 1.
Omori �973! also listed the names of cope-
pods found to be promising for mass culture.
The most successful species during the course
of the project was a copepod, Tigriopus

japonicus. The maximum density attained
was 3,000 ind./liter in combination culture
with the rotifer, Brachionus plicarilis. The
copepods and rotifers were cultured in 200-m3

outdoor tanks and baker's yeast was the feed.

Table 1. Copepods and ciadocerans con-
sidered to be promising species for mass
culture in Japan  Anraku 1979!.

The Plankton Society of Japan and the
Oceanography Society of Japan held a sym-
posium, "Plankton Symposium in Cultivation
and Mass Culture of Zooplankton" in 1973.
Twelve papers were presented and the
proceedings was published as the Bull. Plank-
ton Soc. Japan, Vol. 20, No. 1 in 1973. In
that volume, Fujita �973! and Kitajima �973!
emphasized the importance of mass culture
and reviewed the technology for mass zoo-
plankton culture.

The two Societies mentioned above held
a symposium, "Aquaculture and Plankton" in
1985. Six papers were presented and a brief
proceedings was published in the Bull. Plank-
ton Soc. Japan, Vol. 32, No. 1, pp. 65-66,
1985.

Of all the species of copepods inves-
tigated, only T. japonicrcs can be cultured in
large quantities  Figs, 1 and 2!. For T. j apon-
icus, combined culture with rotifers is an
effective technique. Outdoor large tanks �00
m ! are employed with a special yeast  omega

3

yeast! as feed. Two to three kg  wet weight!
are harvested daily and the maximum density
attained is 10,100 � 22,048 ind,/liter  Fukusho
1980!. However, the amount of yeast used to
produce 1 kg of T. j aponicus is 5.1 - 7.5 kg,

. and the production cost is fairly high. There-
fore, no facility produces the copepod inten-
sively, although they attempt a thinning
harvest of the T. japonicus which multiply in
rotifer tanks and feed them to larvae and
juveniles of marine finfish.

Cladocerans, like rotifers, reproduce by
parthenogenesis only when the environment is
favorable, and multiply in a short period of
time. High hopes are thus placed on the inven-
tion of mass culture techniques for marine
cladocerans and information on their biology
has been accumulated  Iwasaki et al. 1977,
Onbe 1974, Takami and Iwasaki 1978!. How-
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Figure 1. Nauplii and caudal arrnatures of T.
japonicus in ventral view. 1-6; stage I-IV  x
120!. 7-10; caudal armatures af stage III-VI  x
240!.  Koga 1970!.

ever, no technique for their mass culture has
been found yet, This is in contrast to Moirta
macrocorpa, whose production is well estab-
lished. This species is fed to marine finfish
larvae and juveniles  Suizu 1987!.

Technology for the mass production of
rotifers is almost established, and micropar-
ticulated diets have been developed as a sub-
»tute for 1-mm sized live food. Therefore,
th«oie of copepods and cladocerans is actual-
ly becoming less important for the mass
production of marine finfish.

TINTINNID ClLIATES

Tintinnid ciliates, which are consumed
by larval fish in the wild, are candidates for

Figure 2. Copepododite and adult T. japonicus
in dorsal view  x 60, but 1- x120!. 1-3; stage!-
ill. 4-6; stage I V, V and adult  female!. 7-9;
stage I V, V and adult  ma!e!.  Koga 1970!.

mass production, and biological information
has been accumulated  Taniguchi 1978!. To
date, tintinnids are not, however, used inten-
sively at mass production facilities in Japan.

RQTl f EBS, BRACHIONUS
PLICA TILIS

Great progress in production technology
for marine finfish fry has been based upon the
successful introduction of the rotifer, Brach-
iottus plicatilis O.F. Muller, as a food or-
ganism. It was in 1965 that the rotifer was first
utilized to feed red sea bream, Pagrus major,
larvae and its high food value was confirmed.
At present, it is possible to produce 1.2 trillion
rotifers  nearly 2.5 tons in wet weight! for the
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production of red sea bream fry and other
marine finfish at a fish farming center during
a mass production season  April to June!.

The history of the development of mass
production technology may be found in pre-
vious papers  Fujita 1983, Fukusho 1983,
1989a, 1989b, Hirata 1979!. The seven
developmental phases might be categorized as
follows.

Introduction as a Feed Organism

The rotifer was originally recognized as
a noxious zooplankton which often reached
high densities in eel culture ponds and caused
the sudden death of eels due to rapid consump-
tion of dissolved oxygen  ito 1960!. How-
ever, the rotifer was later cultured and utilized
to feed larvae of Ayu, Plecoglossus aMvelis,
and red sea bream  Hirata 1965!,

Development of Mass Culture
Technology

The rotifer was initially cultured in small
indoor tanks  smaller than l m ! st high den-3

sities. Larger tanks  nearly 100 m !, with
various kinds of feeds, are presently used,
The following feeds or combinations of feeds
are commonly used at fish farming centers: 1!
Nannochloropsis oculata, which used to be
called "Chlorella sp.," 2! baker's yeast, 3! co
yeast, 4! Tetraselmis tetrathele, 5! a combina-
tion of 1 and 2, and 6! a combination of 1 and
3, The developmental history and a classifica-
tion of the culture methods adopted in Japan
are precisely explained in earlier papers
 Fukusho 1989a, 1989b!.

Evaluation and Improvement of
Nutritional Value

Baker's yeast was introduced as feed for
cultured rotifers in 1967  Hirata and Mori
1967!. The introduction allowed the mass
production of rotifers in larger tanks. How-
ever, the nutritional value of the rotifers fed
baker's yeast was low, therefore we began to
analyze rotifers raised on various feeds. High-
ly unsaturated fatty acids  ~3 HUFAs!, espe-
cially 20:5~3, was shown to be essential for
survival and growth of marine finfish larvae
 Watanabe et al. 1983!. Methods to improve
the nutritional value of rotifers were also es-

tablished  Watanabe et al. 1983!. A special
yeast, "td yeast," which contains sufficient
levels of ~3 HUFAs, was developed and has
been intensively used at mass production
facilities  lmada et al. 1979!.

Accumulation of Biological and
Genetic information

Information on the life history, physiol-
ogy, mode of reproduction, ecology,
taxonomy and genetics of B. plicatilis has been
accumulated. A symposium, The Rotifer
Brachionus plicatilis � Biology and Mass
Culture" was held in Fukuyama, Hiroshima.
The proceedings was compiled in 1983  Japan
Sci. Soc, Fish. ed., Koseisha-Koseikaku,
Tokyo, 161 pp.!.

The Fisheries Agency, MAFF, or-
ganized a research project on the biology and
mass production of rotifers. Research was
conducted from 1980 through 1986. The
seven prefectural institutes of fisheries
 Aomori, Kanagawa, Ishikawa, Hiroshima,
Nagasaki, Kumamoto, and Okinawa! joined
the project. As a first step, a bibliography
containing 393 papers was published. The
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results of the project were finally compiled in
1989 as a book: "A Live Feed � the Rotifer,
Brachionus plicatilis"  Fukusho and Hira.-
yama eds., Koseisha-xoseikaku, Tokyo, 240
pp.! with five chapters and references to 439
papers.

Several monographs on rotifer biology
were also published  Hirano l987, Nagata
1985!.

Nutritional Requirements of Rotifers

Precise and up-~te information is pre-
sented by Professor Hirayama in this volume
 Hirayama and Satuito, this volume!.

Environmental Control in Rotifer

Culture Tanks

Dr. Maeda presents a paper on micro-
fauna in rotifer tanks and discusses biological
control of the environmental conditions

 Maeda and Hino, this volume!.

Automation and Mechanization for

Mass Culture

Mr. Morizane presents a paper on mech-
anization and automation to save labor in

rotifer production  Morizane, this volume!.
The Ehime Prefectural Fish Farming Center
is used as an example.
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ABSTRACT

Larviculture of many marine finfish is dependent upon rotifers as a larval feed. To be useful in aquaculture,
sufficient quantities of high quality rotifer biomass must be produced costwffectively and reliably. Several aspects
of mass culture design provide opportunities for improving rotifer production. Comparison of batch and
continuous cultures suggests that chemostats offer the best chance for reliable production of highly nutritious
rotifer biomass. Improvements in three areas of rotifer culture could yield substantial progress in biomass
production. The causes of mass culture instability and sudden crashes need to be identified. Nitrogen waste
excretion and un-ionized ammonia toxicity probably play an important role. Early detection of stress in inass
cultures by monitoring reproductive traits, swimming activity, and enzyme inhibition could be useful in reducing
the probability of a crash and lessening its impact. Better rotifer feeds are becoming available in the form of
high quality dried algae and iinproved digestibility yeast. Finally, techniques for improving culture management
including faster upscaling, optimizing harvest rates, identifying better strains, and manipulating the bacteiial
composition of mass cultures are discussed.

INTRODUCTION

resent address: School of Biology, Georgia institute of Technology, Atlanta, GA 30332-0230

Rotifer culture has become a critical ele-

ment in the larval rearing of many marine
finfish  Hirata 1979, Kafuku and Ikenoue
1983, Lubzens 1987, Lubzens et al. 1989,
Fukusho 1989a, b!. As a result, a great deal
of effort has been directed toward defining
requirements for rotifer mass production. For
rotifer biomass to be useful in aquaculture,
sufficient quantities must be produced cost ef-
fectively, the biomass must be of high nutri-

tional quality, and its production must be
reliable. Unpredictable availability of rotifer
biomass is currently one of the major factors
limiting fry production  Hirayama 1987,
Fukusho 1989a!. Several aspects of mass cul-
ture design provide opportunities for improv-
ing the quantity, quality and reliability of
rotifer biomass production for fish larvicul-
ture.

There are a number of considerations in
optimizing rotifer culture system design. '
These include culture procedures like methods
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for maintaining stock cultures of algae and
rotifers, procedures for upscaling, culture
medium, tank size, tank shape, aeration level,
inoculation density, food type, feeding
schedule, harvest method, harvest schedule,
and post-harvest enrichment.

Design optimization attempts to mini-
mize rotifer transfers, 1abor input, production
time, and costs, At the same time, biomass
production, nutritional quality, and production
reliability are maximized. Selection of an op-
timal design for rotifer culture can simplify
biomass production and reduce technician er-
rors, whereas suboptimal design can increase
costs, decrease reliability and render an
aquaculture venture economically infeasible.
My primary objective in this paper is to ex-
amine several aspects of rotifer mass culture
and identify how they could be incorporated
in improving production system design.

A wide variety of culture systems have
been employed for rotifer culture including
batch, semi-continuous and continuous cul-
tures  Lubzens 1987!. Nearly every aquacul-
ture facility has its own variation on one of
these themes which is tailored to site-specific
materials and conditions. %hile this ad hoc

approach has produced great variety, it has not
resulted in an optimal design based on weH
characterized principles of rotifer culture.
After 25 years of practical experience with
commercial rotifer culture, it is time to sys-
tematically identify critical elements of rotifer
biology and how they can be exploited in an
optimally designed culture system.

Optimal rotifer culture design is based
upon a thorough understanding of the interac-
tion of construction materials and their con-
figuration with biological factors. The best
materials are identified by their durability,
effectiveness and low costs, The critical bio-
logical factors are identified by a thorough

understanding of rotifer response to mass cul-
ture environments. This requires that the
physiological responses of cultured animals be
well characterized. The size, population
growth rate, tolerance of crowding, excretion
products and rates, and response to low food
levels of a cultured strain will influence system
design. These characteristics will also indicate
which water quality parameters need to be
monitored and to what level of precision.

TYPE OF CULTURE SYSTEM

Batch vs. Continuous

Batch culture is an extensive method in

which a culture is inoculated and allowed a

growth period before the entire volume or a
portion thereof is harvested. This approach has
been the most reliable because of its technical
simplicity and built-in redundancy, but it is the
least efficient. Continuous mass cultures are
smaller than batch cultures and more inten-

sively managed, The most advanced design of
continuous culture is the chemostat, which has
been applied to aquaculture by James and his
colleagues  James et al. 1988, James and Abu-
Rezeq 1989a, b!. In this approach, algae and
yeast are supplied continuously at a pre-
determined rate. The culture is diluted by a
certain volume each day and this volume is
harvested to obtain rotifer biomass. Chemostat

mass cultures have yielded the greatest rotifer
biomass production per unit of effort thus far
recorded in aquaculture.

Batch Culture Example

An example of the current methodology
for large sca1e batch culture as practiced in
Japan is provided by Fukusho �989a!. He
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Chemostat Culture Example

'<v e t. SYstem design for the mass cvltvre of rotifersin chemostats  from James an
f$89b/.
Reprinted with permission from Eisevi er Science publishers 8. V. and the author.

describes a typical Japanese hatchery using
100-m tanks for rotifer culture and a diet of
microalgae, usually Nannoehloropsis, and
baker's yeast. After a growth period of a few
weeks, rotifer densities of about 100/ml of the
L-type B. plicatilis are reached and the mass
culture is then harvested for several days, Six
100-m tanks hold a standing crop of rotifers
Rom which 1 - 2 billion can be harvested daily.
Using this system, 600 m of water must be3

managed to produce about one billion rotifers
per day.

An example of the chemostat continuous
culture methodology is provided by James and
Abu-Rezeq �989a!  Fig. 1!. The standard
culture volume in their system is 1 m . A diet
of Nanttochloropsis MFD-2 strain is provided
at 20 million ce1ls/ml and baker's yeast at 0.3
- 0.4 g/million rotifers/day. The algae are
cultured in a separate chemostat at about 50
million cells/ml  James et al. 1988! and diluted

. to the appropriate density in a mixing reactor

before introduction into the rotifer tank. A
dilution rate of 0.5/day is used for the L-type
strain which allows 500 liters to be harvested
from a 1-m chemostat each day. The average
production from this system is 187 million
rotifers/day. The system has been run for
several months sustaining these yields without
major technical difficulty  James, pers. comm.
1990!.

Production &om 1-m chernostats is cur-3

rently sufficient to meet the rotifer needs of
most smaH- to medium-sized hatcheries. For
example, producing one billion rotifers per
day requires six to seven 1-m chemostats with3

the yields cited above. This means that 6 - 7
m of water can be managed to produce one
billion rotifers per day, which is about 100-
fold less than the batch culture method
 Fukusho 1989a! Intensively managing much
smaller volumes of water results in substantial
labor and cost savings for the chemostat
method. In addition, the nutritional quality of
the rotifers can be more tightly controlled.
James and Abu-Rezeq �989a! reported that
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a proportion of this ammonium is converted to
toxic un-ionized ammonia.

The significance of un-ionized ammonia
as a limiting factor in rotifer cultures is sug-
gested by the fact that rotifers excrete the other
half of their nitrogenous wastes as urea  Hirata
and Nagata 1982!. This is very unusual for an
aquatic animal, but would be predicted for
populations adapted for growth at high popula-
tion densities. Under these conditions, am-
monia toxicity could be reduced by excreting
a portion of nitrogenous wastes as urea which
is much less toxic. Urea excretion could there-
fore be interpreted as an adaptation for mini-
mizing exposure of rotifer populations to
ammonia toxicity. Since nitrogen metabolism
is believed to play a central role in rotifer
population growth, a complete nitrogen
budget for B. plicatilis has been described
 Nagata 1989!.

Mass culture instability likely results
from physiological stress of rotifers, resulting
in a. rapid dec1ine in reproductive rate
 Hirayama 1990!. Early detection of stress in
mass cultures could be important to aquacul-
turists so that preventative action can be taken,
Several things could be done to minimize the
likelihood of a crash and lessen its impact.
These include adjusting the feeding rates or
changing food type to reduce the amount of
organic material available far bacteria1 degra-
dation, lowering culture pH and temperature
shifting the chemical equilibrium of ainmonia
away from the un-ionized form, making water
exchanges to dilute toxic metabolites, and
Preparing back-up cultures to shorten the time
of upscaling should re-starting of the culture
be required.

Identification of the, physiological
responses to stress in rotifer mass cultures has

Proven useful in their management. The ef-
fects of un-ionized ammonia on the reproduc-

tive performance of rotifers have been charac-
terized. Yu and Hirayama �986! found that
the effective concentration of un-ionized am-
monia  EC50! that reduced population growth
rate  r! to 50% of the control was 13.2 mg/liter
and 7.8 mg/liter for net reproduction ~!.
Un-ionized ammonia significantly depressed r
and Ro at concentrations as low as 2.1
mg/liter. These authors also found a correla-
tion between culture density and un-ionized
ammonia concentration. Rotifer population
densities less than 100/ml were observed only
when un-ionized ammonia was less than 0.5
ing/liter. Densities of less than 60/ml were
observed when un-ionized ammonia concen-
trations exceeded 1.4 mg/liter. %hen un-
ionized ammonia concentrations peaked at 3.6
mg/liter, rotifer density was less than 10/ml.
Snell et al. �987! described the effects of
un-ionized ammonia on the egg ratio of B.
plicatilis, reporting an EC50 of 7.3 mg/liter.
These results demonstrate that un-ionized am-
monia concentrations in rotifer mass cultures
can reach leve1s that significantly impair
production.

Besides these reproductive character-
istics, swimming activity has been shown to
be a good indicator of un-ionized ammonia
toxicity. An EC50 of 2.3 rng/liter was found
for un-ionized ammonia and a 17% depression
of swimming activity was detectable at con-
centrations as low as 0.32 mg/liter  Snell et al.
1987!. Swimming activity, therefore, is more
sensitive to un-ionized ammonia than the
reproductive traits thus far examined and
swimming activity can be assayed in a few
minutes. Roti fer swimming quickly reflects
changes in the status of mass cultures and its
observation is an effective early indicator of
stress. The difficulty of using swimming ac-
tivity is that it is time consuming to quantify
and requires direct observations which are
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labor intensive, Other stress indicators more
amenable to automation would be useful in
managing rotifer mass cultures.

One approach that holds promise as a
stress indicator is enzyme inhibition assays.
These are general indicators of stress that have
been effectively employed in aquatic toxicol-
ogy. Several toxicants have been shown to
inhibit digestive enzymes like lipase, acylase
and chyrnotrypsin in B. plicatilis  Snell and
Moffat, in preparation!. Enzyme activity is
detected in vivo using fluorescent probes
which are quantified with a fluorometer. The
protocol is to remove 20 - 40 rotifers from
mass culture and expose them to a fluorescent
labelled substrate for 5 - 10 minutes. The

animals are then washed, placed into a cuvette,
and!heir fluorescence determined. The inten-

sity of fluorescence is directly proportional to
the level of enzyme activity in a dose4epend-
ent manner. We believe that enzyme inhibition
assays based on fluorescence are promising
indicators of stress in rotifer mass cultures and
could be useM as culture management tools.

While un-ionized ammonia is probably a
major contributor to rotifer mass culture in-
stability, other compounds may also be impor-
tant. Nitrite  NOz-! is another nitrogen
compound commonly toxic to aquatic animals
at relatively low concentrations  Russo 1985!.
Lubzens �987! suggested that nitrite toxicity
for B. plicatilis occurs at concentrations of 90
- 140 mg/liter. In contrast, Groeneweg and
Schluter �981! reported no nitrite toxicity for
B. rubens at concentrations of 10 � 20 mg/liter.

Further investigation of these and other
compounds is warranted to develop tools for
monitoring their activity. Identification of
chemical compounds limiting mass culture
growth wiU simplify water quality monitoring
and make it more effective. The more
thorough our understanding af rotifer popula-

tion growth and its requirements, the better
aquaculturists will be at producing high quality
feed for their fish larvae.

Cost-Effective Feeds for Rotifer

lVlass Culture

The most expensive part of rotifer culture
is feed. Fushimi �989! estimated the cost of
rotifer biomass production using large-scale
batch methods to be US$4.50/million rotifers.

Of this, 72% was for feed, 50% for live algae
and 22% for yeast. In addition to the cost of
live algae, there are several other reasons for
replacing all or part of the live algae in the
rotifer diet. It is sometimes difficult to match

algal production with rotifer consumption.
Variations in the quality of algal cells is com-
mon, leading to changes in rotifer yield.
Contamination of algal mass cultures is a
persistent problem. Maintenance of produc-
tive alga1 mass cultures is not technica11y
simple and therefore prone to technician error.
For these reasons, aquaculturists have ex-
amined a wide variety of inert feeds for their
ability to support rotifer growth. A second
major line of investigation has developed to
identify treatments which can improve the
digestibility of yeast.

Replacements for five algae

Dried algae

Recent advances in microalgae mass cul-
ture and biomass prm~ation have introduced
new options for rotifer culture. Spray drying
of algal biomass has proven effective in com-
mercial production. This technique yieMs a
dried product that retains much of the nutri-
tional quality of live cells  Biedenbach et al.
1990, Snell et al. 1990!. Although spray dried
algae now is commercially available, its cur-
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rent cost of about US$170/kg may be too
expensive for large-scale rotifer culture.

An example of how dried algae can be
used for rotifer culture was provided by Snell
et al. �990!. The alga, Nannochloropsis
salina, was cultured by EartIzise Farms  Cali-
patria, California!, the biomass harvested, and
preserved by various methods. The effective-
ness of this algal product to support rotifer
population growth was tested using a stand-
ardized population growth bioassay with B.
plicatilis. Algal biomass was preserved using
three types of freezing, saline, and two types
of spray drying. Rotifer population growth
rates  r! on the frozen and saline preserved
algae were only 35% that of live cells. Spray
dried N. salina yielded growth rates which
were about 70% those of live cells, despite the
fact that the spray drying process was not fully
optimized.

Side-by-side comparisons were made be-
tween live N. salina cells and spray dried N.
salina, dried Tetraselmis suecica  Cell Sys-
tems Ltd., Cambridge, England!, Microfeast
L-10 yeast  Provesta, Bartlesville, Ok-
lahoma!, Culture Selco  Artemia Systems,
Belgium!, and 78 yeast  Fleischmann, New
York!  Fig. 2!. Live !Y. salina wes provided
at 5 x 10 cells/ml, dried N. salina and T.
suecica at 100 pg/ml, and yeast at 80 pgml.
Both dried algal products yielded better rotifer
growth than the yeasts, but only about 70% as
high as live N. salina cells. Therefore, with
current production techniques, rotifer diets
composed exclusively of dried algae cannot
match the biomass yield of live algae diets.
Dried algae, however, can replace 80 - 90%
o'f live cells without productivity lass  Sne11 et
al- 1990!. I expect that the quality of dried
algae will continue to improve over the next
few years and its cost to decline,

Yeast

Yeast as a sole diet for rotifer mass
culture has a number of problems. Yeast-fed
rotifers are not nutritionally adequate for most
marine fish larvae  Watanabe et al. 1983!.
Furthermore, yeast-fed rotifer cultures are
prone to instability and precipitous crashes in
population density  Hirayama 1987!. While
inadequate as a sole diet, several authors have
reported that yeast can replace a substantial
portion of live algae cells without significantly
diminishing rotifer biomass production. An
illustration of yeast replacement of live algae
can be seen in Figure 3. The yeast used in these
experiments was Microfeast L-10, but other
types of yeast worked as well. Yeast and algae
were provided at 90 pg/ml and a standard
population growth bioassay using B. plicatilis
was conducted. For Nannochloropsis, 90% of
live algae celIs could be replaced with yeast
without significantly reducing population

Figure 2. A comparison of rotifer growth on
diets of dried algae and yeast. Live NS- live
Nannochloropsis salina cells, dried NS- spray
dried N. salina cells, dried 7et- dried Tetrasel-
mis suecica cells, MF- Microfeast L-10, AS-
Culture Selco, 78- Fleischmann's yeast. ris
population growth rate in offspringlfernalelday.
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growth rate. Yeast as a sole diet yielded a
growth rate only about 25% that of live cells.
For Isochrysis, 90% of live algae cells also
couM be replaced without significantly dimin-
ishing growth rate, but this figure was only
80% for TetraseLmis.

Improving yeast diets
The inadequacy of yeast as a sole diet for

B. plicatilis could be explained by its poor
nutritional quality and its lack of digestibBity.
Hirayama and Funamoto �983! found that
sterile yeast was unable to support rotifer
population growth. The presence of bacteria
was required, perhaps to supply needed
vitamins or growth factors, An alternative
explanation is that bacteria "pre-condition"
yeast cells rendering them more susceptible to
rotifer digestive enzymes. Perhaps the var-
' b'1' ' th f tf d tif

Figure 3. Replacement of live algae by yeast;
The X-axis is the percent algae of a 100 pg
dry weightlml diet. The remaining portion of
the dietis Microfeast L-10 yeast. ris popula-
tion growth rate in offspringlfemale/day. Verti-
cal lines indicate standard error,

lated to the type of bacteria1 populations that
develop in culture tanks. Certain types of
bacteria are more likely to facilitate rotifer
digestion than others.

Recent work has suggested that untreated
baker's yeast is relatively indigestible for Ar-
temia, but chemical treatment can improve its
digestibility  Coutteau et al. 1990!. Treatment
with 2% 2-mercaptoenthanol cleaves disulfide
linkages among proteins in yeast cell walls,
making them more permeable and susceptible
to cleavage by digestive enzymes. Growth of
Anemia nauplii on diets of thiol-treated yeast
was compared to growth on the green alga
Dunaliella tertiolecta. Nauplii length after
eight days was not. significantly different on
diets of treated yeast or algae. Survival, how-
ever, was 68% and 95% for yeast and algae,
respectively. The factors determining digest-
ibility are not well understood, but it is clear
that some aquacultural feeds are poorly
digested by filter feeding invertebrates. Addi-
tional research is needed on cost-effective

treatments that can improve yeast digestibility.

1mproving Culture Management

As new information becomes available,

aquaculturists should be prepared to modify
their culture procedures to take advantage of
improved methods. Several ideas recently
have appeared in the literature which could
improve rotifer culture management and
should be considered for incorporation into
standard practices.

Faster upscaling
The cost of keeping stock cultures for

upscaling to mass cultures is considerab1e.
Stock culture maintenance requires technician
time and results in errors which are magnified
during upscaling. Upscaling from test tubes to
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10,000 liters takes weeks, so matching live
feed production with larval requirements is not
simple. An alternative to maintaining rotifer
stock cultures is to inoculate mass cultures by
hatching resting cysts. Animals hatched from
cysts are asexual females which begin
reproducing with doubling times of 16 - 20
hours at 25'C. Rotifer cyst hatching can be
exploited by aquaculturists so that large in-
ocula are available without the need for stock
culture maintenance  Sne11 and Boff 1988!.

Optimizing harvest rates
Application of fisheries management

principles to harvesting semi-continuous
rotifer cultures suggests certain guidelines for
producing maximum yield. A computer sim-
ulation of rotifer population growth iHustrated
how different harvest rates affect yield  Snell
and Boff 1989!. They showed that over a
30-day culture period, maximum yield is ob-
tained by starting the harvest early and har-
vesting no more than 30% of the population
daily  Fig. 4!. Beginning harvests later and
harvesting a larger proportion of the culture
resulted in lower yields. These guidelines pro-
vide estimates of optimal harvest rates and
reduce the amount of trial and error required
to determine how to best manage rotifer cul-
tures.

Improving rotifer strains for
aquaculture

Many investigations of phenotypic traits
in B. plicatilis have revealed abundant genetic
variation in natural populations. As of yet,
there has been no systematic effort to selec-
tively breed particular characteristics into
aquacultured strains. A variety of rotifer
strains are utilized at different hatcheries,
depending on local conditions. These strains
are not readily available from a central source,

so they are not widely shared among aquacul-
turists. Reports of larger and smaller strains
of B. plicatilis in natural populations have
appeared in the literature  e.g. Koste 1980!.
No effort has been organized, however, to
collect these strains and domesticate them.
Great potential for exploiting rotifers in aqua-
culture remains untapped because genetic
characteristics have yet to be manipulated.
This approach has been extremely successful
in other areas of agriculture.

Manipulating bacterial composition of
mass cultures

Recent work has shown that bacteria
added to rotifer cultures are capable of enhanc-
ing yields. Yu et al. �989, 1990! found that
Btz-producing bacteria introduced into mass
cultures could greatly enhance rotifer produc-
tion, Gatesoupe et al. �989! described the
effect of two food additives containing live
lactic bacteria on rotifer production. One ad-
ditive increased rotifer production 23%. The
other additive did not increase production, but
improved the dietary value of rotifers for
Japanese flounder larvae. Manipulation of

Figure 4 Optimizing harvest rates Harvest
begins an day 0-25 and continues daily until
day 30 when the culture is terminated. Per-
cent harvest is the portion of the population
removed each day. The total biomass har-
vested is the sum of the rotifers removed each
day times 9 lllglrotifer.
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has the potential to substantially increase roti-
fer production, but more research is necessary
before this potential can be fully realized.

CONCLUSIONS

~ Rotifer production is currently a limiting
component of marine fish larviculture.

a Improvements in mass culture design
have the potential to substantially in-
crease the quality, quantity and reliability
of rotifer biomass production.

~ Continuous culture using chemostats of-
fers the most promise for improving
rotifer mass culture performance.

a Mass culture instability results from
physiological stress in high density mass
cultures. Understanding the causes of this
stress and developing techniques for
monitoring it are important for increasing
rotifer production.

e The replacement of a large portion of
live algae in rotifer diets with inert feeds
is now possible. Advances in the com-
mercial production of dried algae and a
reduction in its cost will be of great
benefit to aquaculturists raising rotifers.
Techniques for improving the digest-
ibility of yeast could make this feed far
more effective for rotifer mass culture.

e Methods for improving rotifer culture
management like faster upscaling, op-
timizing harvest rates, selecting genetical-
ly superior strains, and manipulating bac-
terial populations in mass cultures can
considerably increase rotifer production.
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ABSTRACT

A practical approach to the intensive, high density culture of the rotifer Brachionus pl/carilis using two
low-cost 8.5-m tanks is presented. Partial automation of harvesting  mean = 4.6%/day! snd water exchanges3

�0% of pool volume/day! as weil as waste removal �50 liters every other day! is described. Average rotifer
densities were maintained at 540 rotifers/mi over culture periods of 8 - 60 days. A total of 113.3 x 10' rotifers
were produced in 17 separate trials during 288 days of culture, yielding an overall average production rate of
25.7 rotifers/ml/day. Activated baker's yeast was the primary food source with supplemental additions of
microalgae at a rate of 50 liters/m of rotifer culture.3

INTRODUCTiON

Interest in the culture of ornamental and
consumable marine fish species for commer-
cial aquaculture, bioassay work and fisheries
enhancement has resulted in the need to
develop methods for the intensive culture of
zooplankton. The culture of the rotifer Brach-
iorlus plicatilis is a vital part of many experi-

mental and large-scale marine fish hatchery
programs. Various larval fish feeding methods
have been reviewed by Fukusho �983! and
Lubzens �987!. Although they pointed out
that culturing rotifers solely on microalgae
wouM be costly and require extensive algal
culture space, James et al. �983! reported that
supplemental additions of microalgae to rotifer
cultures enhances production. This enhance-
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ment may result from the removal of waste
products from the rotifer culture system by the
algae with a resulting increase in production
rates  Hirata et al. 1983!. This paper deals with
the practical application of experimental
results toward the design, management and
operation of a high density rotifer production
system.

IVlETHODS

Rotifer production reported here sup-
ported the intensive culture of larval white
seabass  Atrac<oscion nobilis! at the Hubbs-
Sea World Research Institute/San Diego State
University Marine Laboratory in San Diego,
California from May through December of
1988. A total of 17 production trials in two
pools  8.5 m each! were carried out during3

this time period.
The culture system was located in a 12 x

9-m polyethylene-covered greenhouse where
the two 3.65-m diameter aboveground pools
�2 x 3-ft. swimming pools! were employed
as the rotifer production tanks, These con-
sisted of a steel reinforcing wall and a
polyvinyl plastic liner. Two identical pools
filled to 3,500 liters were used for microalgae
culture and were also located in the same

greenhouse.
Seawater from Mssion Bay was supplied

by a centrifugal pump that pressurized the
water through a sand and gravel fdter and two
serial cotton filter cartridges �.0- and 1.0-pm
pore size!. Water temperatures in the rotifer
cultures fluctuated from 23 to 28'C, and in the
winter months introduction of heated seawater

and use of electric immersion heaters were

required to maintain this temperature range.
Vigorous aeration was supplied to the rotifer
pools by a 2-hp blower to maintain the particu-

late matter in suspension and the dissolved
oxygen levels above 4.0 ppm.

A 450-ml sample was obtained in the
morning from each culture tank, allowed to
settle for 10 minutes, and then decanted, The
rotifers were then counted using a Coulter
Particle Counter  Model ZM!. A 400-pm
aperture was used and the instrument was
adjusted to count particles with volumes
equivalent to spherical particles with
diameters 100 - 200 pm.

An initial inoculum of Salton Sea strain

rotifers was obtained in 1982 from the South-

west Fisheries Center in La Jolla. Relatively
small pools, 1.0 m, were used to provide3

inocula for the 8.5-m production pools.
Many production trials were stocked with the
entire harvest available from previous trials.
Cultures were usually inoculated into the
production pools at densities greater than 350
rotifers/ml, with only three of the 17 trials
stocked at less than 100 rotifers/ml. These

cultures were usually maintained at densities
greater than 500 rotifers/ml.

Rotifers were fed baker's yeast at feeding
rates decreasing relative to increasing rotifer
density  i.e. less than 150 rotifers/ml fed at 1.0
g yeast/10 rotifers; 150- 250/ml at 0.7 g/10;
more than 250/ml at 0.4 g/10 !. The dry yeast
was vigorously mixed with 10 liters of water
and introduced to the culture tank in two equal
feediiigs at noon and midnight. The midnight
feeding was accomplished using a timer-
operated valve that allowed the prepared yeast
suspension to overQow into the rotifer culture
tanks.

Turbidity was used as an indicator of
food conditions in the culture tanks. High
turbidity in the morning indicated that the
yeast offered at the last feeding was not entire-
1y consumed. Overfeeding with yeast has been
observed to result in a marked decline in
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population densities of rotifer cultures main-
tained on yeast  Hirayama 1987!. Clear water
indicated either underfeeding or the consump-
tion of the yeast by proliferating ciliate popula-
tions  various free-swimming and stalked
species! coexisting in the rotifer production
system.

Menhaden oil  Zapata Haynie Corp.,
Reedville, Virginia! was emulsified in warm
water with either raw egg yolk or soy bean
lecithin and then added directly to the culture
tanks at rate of 3% of the weight of the yeast,
"direct method"  Watanabe et al. 1983!. The
vitamins E and C were also added to the
cultures at 0.06% and 1.0% of the weight of
the yeast fed, respectively.

Microalgae, 300 � 400 liters/day of
Tetraselmis suecica, Nannochloropsis sp., or
lsochrysis galbana  Tahitian strain!, were sup-
plied to each production tank  respective
average densities were 0.5 x 10, 10.0 x 106 6

and 1.0x 10 cells/ml!. Thetransferfromthe
algae culture tanks into the rotifer tanks was
made with a 0.5-hp magnetic drive pump �40
liters/min.!.

Approximately 20% �,700 liters! of the
culture water was replaced daily with filtered
seawater. For harvesting, the aeration was
turned off for one hour to allow debris to

settle. A floating, subsurface intake head  see
Fig. 1! placed in the tank and attached to a
common laundry pump �-pen impeller!
moved rotifers suspended in the water column
into a. harvester tank at a rate af 80 liters/min.

The harvester tank  see Fig. 1! consists
«a rectangular fiberglass tank  91 x 61 x 56
cm! divided into two compartments �:1! by a
~lanted, screened �0-/J.m mesh! partition.
The rotifer slurry is pumped into the larger of
the two compartments. The rotifers are
concentrated as they are retained in the larger
compartment by the divider screen while water

flows to waste through a three-piece, standpipe
drain �0.8 mm diameter! in the smaller com-
partment. An aeration collar fabricated from
PVC pipe �2.7 mm diameter! prevented the
screen from clogging.

After the transfer of rotifers was com-

pleted, the standpipe was shortened while the
rotifers were rinsed thoroughly with filtered
seawater. The harvester was angled with the
input side down, so that when the standpipe
was removed, several liters of water with
concentrated roti fers remained which could
then be drained into a 10-liter container.
Rotifers were either returned to the production
tanks or sampled, counted, and transferred to
the larval feeder tanks for further nutritional
enhancement.

The rotifer harvest was automated using
timers programmed to turn off the aeration and
then activate the harvesting pump one hour
later. The floating intake was placed in the tank
at the end of the previous day. The harvesting
pump was automatically turned off after a
predetermined period of time and resulting

Figure 1. Harvesting tank.
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volume of water, leaving the rotifers ready for
manual rinsing.

Every other day the sides and bottom of
each tank were scrubbed and a two-blade

propeller attached to a 0.5-hp motor was used
to create a vortex. The resulting circular mo-
tion of the water consolidated detritus in the

center of the pool for efficient removal with a
magnetic drive pump attached to a clear PVC
intake  see Fig. I!, which aQowed observation
of the debris. Approximately 350 liters of
water with suspended debris was removed
with this procedure. The tanks were sub-
sequently refi11ed with algae and seawater to
8.5-m volume.

RESULTS

Table 1 is a summary of the data co11ected
from the 17 separate production trials per-
formed on the two available pools. The
average culture duration of a pool was 30.2
days, ranging from 8-60 days. The total days
of culture for the two pools combined was 513

Figure 2. Average number of rotifers and
average daily percent harvest of Pool 13.

days. The pools were maintained at average
densities of 540 rotifers/ml ranging Rom 391
- 644 rotifers/ml. The average daily standin~
crop of rotifers in the pools was 4.47 x 10
individuals. The average percentage of female
rotifers carrying eggs was 32.3%  range 24.9
- 39.6%!.

Rotifers were harvested only when there
was a need to feed fish larvae, consequently
they were not removed every day. The pools
were harvested on an average of 20.6 days
 total of 350 harvesting days for the two pools
combined! or for 68.3% of their culture dura-
tion. The calculated average daily harvest per
pool was 202 x 10 rotifers  range 59 - 383 x
10 rotifers! or 4.6%/day  range 1.5 - 10.2%!.
Average actual daily harvest was 305 x 106

rotifers per pool or 6.8%/day ranging from
2,2 - 12.0%. Figure 2 shows the daily standing
crop of rotifers and the numbers of rotifers
harvested in one representative trial  pool 13!
from which rotifers were harvested for more

than 80% of the culture duration.

Total rotifer production P  = N< - No +
total harvest; Gatesoupe and Robin 1982~
lames et al. 1983! averaged 210 x 10
day/pool. Average production was 25.7
rotifers/ml/day  range: -6.0 - 47.1 rotifers/ml,
see Table 1!. A total of 113 x 10 rotifers was
produced in the 288 culture days. This repre-
sents a harvesting rate of 393 x 10 rotifers6

per day for both pools combined �7.0 m !.
During the 288 days, the total dry weight

production of rotifers was estimated to be 30.6
kg calculated from an observed average dry
weight of 0.27 pg/rotifer  SD = 0.019 pg!.
Totals of 826 kg of yeast and 163 m of algae
were kd to the rotifers. Assuming a dry weight
algal density to water volume coefficient of
between 0.1 and 0.2 g/liter, the approximate
percentage of algae in the rotifer diet was 2 to
4%, and the calculated overall gross conver-
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Table l. Summary of the data from two 8.5-m rotifer production pools over 288 days.

Culture
duration

/No. of

harvests

 days!

initial

rotifer

density
 ¹/ml!

Pool

No.

Average
daily

harvest

 x10 !

Average
percent

daily
harvest

Percent-

age of
egg

carrying
females

 %!

lVlean

rotifer

density
g SD
 ¹/ml!

Average
amount of

algae fed
 liters/day!

Average
rotifer

produc
tion

 ¹/day/ml!

4.6 25.7 32.3202 322

163,096
30/21

513/350

540+ 87 363

tRotifcrs wcm added from harvests o f pool 16.
Tot 1 algae fcd for all pools during thc 28& day culture period.

sion efficiency I'total dry weight rotifers
produced/ total dry weight yeast + total dry
weight algae! j was approximately 3.6%.

of 4 6%/day. According to Snell and Hoff
�989!, a harvesting rate of rotifer cultures of
about 20 - 30% per day should be optimal. As
reported by james et al. �983! supplement-
ing rotifer cultures with 0.05 m of algae/m3

culture enhances rotifer production. In addi-
tion to enhancing rotifer reproduction, algal
supplements may also improve water quality
by removing rotifer rnetabolites. Removal of
waste products is mandatory in high density
production systems as build up of metabolites

DISCUSSION

As stated, the rotifers were harvested
only on demand and therefore potential
production from this system can be assumed
to be higher than the observed average harvest

1

2 3 4 5 6 7 8 9
10

11

12

13

14

15

16

17

542 + 275

399 + 199

640 g 241

596 + 204

635 + 208

596 + 168

470 g 146

591 + 162

632 + 117

564 + 112

644 + 152

391 ~ 79

461 + 186

520 + 100

418 + 134

588 + 300

490 + 242

39

105

344

61

372

490

551

271

547

718

560

460

79

591

496

241

237

56/26

29/5

44/27

60/36

25/21

58/48

38/30

15/12

13/11

16/7

8/5

20/17

24/19

22/l.4

12/6

29/27

44/39

44

1.5

4.9

4.9

7.0

4.0

4.8

1.8

2.6

3,7

5.3

10.2

F 1

2.8

1.7

5,8

8.1

217

59

219

247

383

190

184

98

149

117

279

324

214

124

71

288

215

29.5

13.4

32.0

37.2

47 ~ 1

21.8

18.7

22.9

30,3

15.5

23.7

42.8

41.7

12.0

-6.0

31.1

23.2

39.6

34.7

36.5

34.9

37.8

34.8

29.9

30.3

32.3

26.8

29.5

31.4

34.0

27.8

24.9

30.8

33.6

404

321

376

342

324

312

267

338

375

380

414

289

211

248

414

200

258
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is most likely a major cause of both sudden
standing crop decline  culture crashes! and
diminished growth rates.

The main advantage of a high density
production system is that it allows the cul-
turists to withstand sudden losses or decreases

in rotifer production. The primary disad-
vantage is that most of the food is used for
maintenance of the population. As a result, the
conversion efficiency based on the amount of
rotifers produced is relatively low.

The automation of the harvest and water

exchanges is greatly eased by the hardiness of
the rotifer and its ability to withstand the
physical stress of water velocities at pumping
rates of 5 - 8 m /hour.

Facultative pathogenic bacteria such as
Vibrio sp. may reside in high density cultures
and special attention must be given to tank
hygiene in order to prevent the transfer of
disease bacteria via the rotifers to the fish

larvae. We observed the transmission of

Vibrio sp. via the rotifers to larval fish and
experimented with antibiotic treatments as
described by Gatesoupe �982 and 1987! and
Tabata �982 and pers. comm,!. But, we found
that thorough washing with seawater as
described by Foscarini �988! is the preferred
procedure as excessive treatments with an-
tibiotics is costly and may affect larval fish
development.

Acknowledgments

The research reported here was sup-
ported by the Ocean Resources Enhancement
and Hatchery Program administered by the
California Department of Fish 8c Game. We
thank the OREHP research staff at the H-

SWRI/SDSU Marine Laboratory for their ef-
forts in carrying out this work.

LlTERATURE CITEO

Foscarini, R. 1988. A review: Intensive farming pro-
cedure for red sea bream  Pagrus major! in Japan.
Aquaculture 72:191-246.

Fukusho, K. 1983. Present problems in culture of the
rotifer Brachionas plicorNs for fry production of
marine fishes in Japan. Presented at the "Sym-
posium International De Aquacultura," Coquunbo,
Chile, September 1983:361-374.

Gatesoupe, J.P. 1982. Nutritional and antibacterial
treatments of live food organisms: the influence
on survival, growth rate and weaning success of
Turbot  Scophrhabnus niaxiInus!. Ann. Zootechn.
1982. 31�!: 353-368.

Gatesoupe, J.P. 1987. Advances in the nutritional and
antibacterial treatments of rotifers as food for tur-
bot larvae, Scophrhabnns nioximus L. Presented at
the Aquaculture Europe '87 International Con-
ference in Amsterdam.

Gatesoupe, J.P. snd J. Robin. 1982. The dietary value
for sea-bass larvae  Dicenrrarchus labrax! of the
rotifer Brachionm plicatilis fed with or without a
laboratory-cultured alga. Aquaculture, 27:121-
127.

Hirata, H., S. Yamasaki, T. Kawaguchi, and M.
Ogawa, 1983, Continuous culture of the rotifer
Brachionus plicasilis fed recycled algal diets.
Hydrobiologia. 104: 71-75.

Hirayama, K. 1987. A consideration of why mass
culture of the rotifer Brachionus plicari7is with
baker's yeast is unstable. Hydrobiologia. 147: 269-
270.

James, C.M., M. Bou-Abbas, A.M. Al-Khars, S. Al-
Hinty, and A.E. Salman. 1983. Production of the
rotifer Brachionus plicaulis for aquaculture in
Kuwait. Hydrobiologia. 104:77-84.

Lubzens, E. 1987. Raising roti fera for use in aquacul-
ture. Hydrobiologia. 147: 245-255.

Snell, T.W. and F.H. Hoff. 1989. Managing rotifer
populations for maximum production. Poster
presented at "Aquaculture 89," annual meeting of
the World Aquaculture Society in Los Angeles,
12-16 February, 1989. 8 pp.

Tabata, K., S. Karata, and M. S. Ruiz. 1982. Studies
on naturally occurring disease during the produc-
tion of ayu  Plecoglossus ulrivelis! in sea water-II.
Dynamics of Vibrio angui8arum. Fish Pathology.
17�!:205-212.  In Japanese with English abstract!.

Watanabe, T., C. Kitajima, snd S. Fujita. 1983, Nutri-
tional values of live organisms used in Japan for
mass propagation of fish: a review. Aquaculture.
34:115-143.


