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I. INTRODUCTION

Although Artemia has been known to man for centuries, its use as a food for the culture
of larval organisms apparently began only in the 1930s, when several investigators found
that it made an excellent food for newly hatched fish larvae.!* As aquaculture developed
in the 1960s and ‘70s, the use of Artemia also became more widespread, due both to its
convenience and to its nutritional value for larval organisms. The fact that Artemia dormant
cysts can be stored for long periods in cans, then used as an off-the-shelf food requiring
only 24 h of incubation makes them the most convenient, least labor-intensive, live food
available for aquaculture. The nutritional value of Artemia, especially for marine organisms,
is not constant, but varies both geographically and temporally.* During the last decade,
however, both the causes of Artemia nutritional variability and methods to improve poor-
quality Arzemia have been identified.

This article covers both historical and present usage of Artemia in aquaculture, with
particular emphasis on the nutritional aspects of this important food. The reader may also
wish to consult other recent review articles*® for more in-depth treatment of some of the
subjects covered here.

II. ARTEMIA SUPPLY AND DEMAND

The history of Artemia cyst harvesting and commercialization reveals an interesting
evolution. In the 1950s commercial supplies originated from two sources in the U.S., i.e.,
the salt pans in the Bay of San Francisco, California and the Great Salt Lake, Utah. Artemia
cysts were marketed at a very low price (less than 10 U.S. dollars per kg) for the aquarium
pet trade.'® With the start of hatchery research in marine fish and crustacean farming in the
early sixties, new marketing opportunities were created for Artemia cysts. San Francisco
Bay, Great Salt Lake, and Chaplin Lake (Saskatchewan, Canada) Artemia were the first
commercial strains used in aquaculture research and production.

Increased interests in aquaculture research and development around the globe, decreased
harvests from the Great Salt Lake (because of weather conditions; see below) and Chaplin
Lake, high import taxes in certain third world countries (e.g., 100% in Brazil in 1975),"'
and possible simulation of cyst shortages by certain commercial companies resulted in severe
price rises of Artemia cysts. By the mid-seventies, wholesale prices ranged from 50 to 100
U.S. dollars per kg. ‘

The dramatic impact of the aggravating cyst shortage on the expansion of hatchery
aquaculture of marine fish and crustaceans was repeatedly underlined at international con- -
ferences.'? Third world countries often could not afford to import the expensive cysts. The
suggestion was made to abandon Artemia and look for alternative solutions to culture food
for the early larval stages of fish and crustaceans. '3

Fundamental and applied research with brine shrimp Artemia was initiated at the State
University of Ghent in the early 70s. Sorgeloos claimed in 1976 that the cyst shortage was
an artificial and temporary problem.'* This was verified when commercial cyst production
began from a number of new sources, including a number of third-world countries. This
occurred with the help of international aid organizations, as well as many private companies.
By 1980 a change in the Artemia cyst situation became obvious. New commercial products
were available from Argentina, Australia, Brazil, Colombia, People’s Republic of China,
France, and Thailand. Prices dropped considerably and market competition was aggressive.
A market survey estimated the annual cyst consumptioti by aquaculture hatcheries was about
60 metric tons.!'> ,

However, new problems arose. The hatching quality of commercial cyst products was
inconsistent'” and the nutritional value of Arzemia varied among sources and even among
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batches.!¢ Climatological conditions eliminated cyst production at a number of sites for
several years. For example, flooding of the south arm of the Great Salt Lake, Utah, interrupted
cyst production for over five years. On the other hand, dilution of the north arm resulted
in optimal salinity levels that increased annual cyst harvests to several hundred tons during
the mid-80s. By 1988 the increase in salinity in the south arm again resulted in new cyst
production.® Finally, cyst production in large saltworks was high for a few years following
inoculation (e.g., over 10 ton per year in the CIRNE saltworks at Macau, Rio Grande do
Norte, Brazil, in the late 70s), only to subsequently drop to insignificant levels due to lack
of proper management, e.g., control of nutrient levels, manipulation of cyst induction, etc.

Currently, cyst production, availability, and price are relatively stable, due to efforts in
Artemia research and development in the first half of the eighties,*?**! application of im-
proved methods for harvesting and processing of cysts, the introduction of Artemia cyst
quality certificates, and the enhancement of cyst food value via bioencapsulation with par-
ticulate or emulsified enrichment diets. The price of cysts is now quality dependent, ranging
from $25 per kg for Great Salt Lake cysts (large nauplii, low levels of the essential fatty
acid 20:5(n-3) to $80 per kg for cysts characterized by high yield, synchronous hatching,
and small nauplii which are pollution free and contain high levels of 20:5(n-3); i.e., >10
mg/g dry weight nauplii.

Since the mid-80s Artemia cyst consumption has increased to several hundred tons
annually as a result of the worldwide expansion in commercial larviculture of marine fish,
shrimp, and prawn. For several aquaculture candidate species it was only in recent years
that a successful transition could be made from pilot into commercial larviculture. In view
of the increased demands for fish-fry and shrimp postlarvae (considered to be the bottleneck
in present-day aquaculture),” and the expected extension of the list of new commercially
cultured species (e.g., mahi-mahi, grouper, halibut, etc.) Artemia cyst demand is expected
to increase for years to come. For example, marine fish-fry production in the Mediterranean
is expected to increase fivefold by 1992.% Although more use can be made of artificial diets
as partial substitutes for Arzemia nauplii,* complete substitution is not likely to occur because
of nutritional reasons (e.g., palatability, availability, and digestibility), possible interference
with water quality, and, last but not least, price difference.

Although present commercial cyst supplies largely meet demands, a larger diversity of
commercial sources is urgently needed to ensure more, and especially predictable, quantities
of a commercially available product. Today over 70% of all marketed cysts originate from
the Great Salt Lake. An exceptionally wet winter in Utah might wipe out the Artemia
population in the Great Salt Lake for an extended period. More commercial attention should
be focused on the development of alternative/complementary sources, which, for example,
are available for natural harvesting in the Soviet Union and the People’s Republic of China.

Small-scale cyst production in man-made saltworks, although technically very successful
in several countries in Southeast Asia and Latin America,” are not expected to contribute
significantly to world cyst supplies. However, they provide interesting opportunities for
local commercial developments, especially in specific third-world countries (e.g., Vietnam)®®
with restricted import opportunities, and where local availability of Artemia cysts is the first
requirement in consideration of a viable hatchery industry.

Aside from the harvesting of cysts from large natural salt lake/pond systems it is antic-
ipated that more integrated projects of man-managed Artemia production and use will be
considered. Thanks to the discovery of the high food value of adult Artemia biomass as
nursery and maturation diet for fish and crustaceans,**"-*® several fish/shrimp farming op-
erations are planning to set up units for Artemia biomass production which could eventually
be modified for cyst production in the event of an imminent cyst shortage.
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TABLE 1
Procedure for Decapsulation of Artemia Cysts %7-30:32:55

Hydrate cysts by placing them in fresh or salt water, bubbled in a separatory funnel for 2 h at 25°C.

Collect cysts on 125 wm mesh sieve, rinse, and transfer to hypochlorite solution.

3. The hypochlorite solution, made up of either liquid bleach NaOCl or bleaching powder Ca(OCl), (in
advance), should consist of 0.5 g active hypochlorite product (activity normally labeled on the package)
per g of cysts, plus an alkaline product to keep pH > 10 (0.15 g technical grade NaOH for liquid bleach;
either 0.67 g NaCO, or 0.4 g CaO for bleaching powder; per g of cysts), plus enough sea water to make
up the final solution to 14 mi/g of cysts. (Dissolve bleaching powder first, before addition of alkaline
product.)

4. Keeping the solution at 15—20° C by addition of ice to the surrounding water bath, add the hydrated cysts
and stir for 515 min. Check the temperature regularly, since the reaction is exothermic; never exceed
40°C. When cyst color becomes grey (with powder bleach) or orange (liquid bleach), or when microscopic
examination shows the chorions to be completely dissolved, remove the cysts, and rinse them with water
on a 120 pm screen until the chiorine smell disappears.

5. Totally deactivate the hypochlorite by dipping the cysts (< 1 min) either in 0.1 N HCl or in 0.1% Na,S,0,

solution, then rinse again with water.

HI. FORMS OF ARTEMIA USED IN AQUACULTURE

A. DECAPSULATED CYSTS

The hard shell (chorion) that encysts the dormant Artemia embryo can be removed by
chemical means in a procedure called decapsulation. This procedure requires hydration of
the cysts, removal of the chorion with a hypochlorite solution, and washing and deactivation
of the hypochlorite. The resulting decapsulated cysts can then be used immediately or
dehydrated for storage. A detailed procedure for decapsulation can be found in Table 1.
Decapsulation results in a naked, viable embryo that is approximately 210 to 270 pum in
diameter,? depending on the strain of Artemia being used. The decapsulated cysts can then
be hatched into Instar I nauplii or can be fed directly to aquaculture organisms.

The advantages of decapsulation are several. First, the embryos become disinfected
during this procedure, so any bacteria associated with the cyst shells are not introduced into
the culture tanks.*® Second, the cyst shells are not introduced into the culture tanks and
therefore cannot be ingested by the cultured organisms. Third, the decapsulated cysts contain
a higher energy content when fed to a predator than do Instar I nauplii, because they do not
have to expend energy in breaking out of the shell.>’ Fourth, the decapsulated cysts are
smaller particles than Instar I nauplii (compare dimensions given above with the range of
Instar I naupliar lengths of 420 to 520pm for various strains). Finally, if the decapsulated
cysts are incubated for hatching as Instar I nauplii, the hatchability is improved, again
because no shell breakout is required.*?

The major disadvantage of decapsulated cysts is that they are nonmoving, nonbuoyant
particles. Thus, some aquaculture organisms, like marine fish larvae, that could benefit most
from their small size, bacteria- and shell-free nature, and high energy content might have
difficulty ingesting them if a sufficient number of the particles is not kept in suspension by
extra aeration or circulation of water in the tanks. Perhaps for this reason, the major usage
of decapsulated cysts seems to be in penaeid shrimp hatcheries, where the postlarvae are
more able to withstand extra aeration and can better capture particles at or near the bottom
of the tanks.

o

B. NEWLY HATCHED NAUPLII

Nauplii in the Instar I-II stages are probably the form of Artemia most widely used in
aquaculture. In order to optimize utilization of cysts for hatching into nauplii, it is useful
to know as much as possible about the hatching characteristics of each batch. Percent hatch
(the total percentage of the cysts that actually hatch), hatching efficiency (the number of




14

259
TABLE 2
Procedure for Hatching and Harvesting Artemia®!
1. Place 5 g of cysts per liter of sea water (temperature 25-30°C; salinity >>5 g/l) in a conical container. If

low-salinity water (5-10 g/l) is used, or if large quantities of cysts are being hatched, buffer with up to 2
g technical grade NaHCO,/1. pH must remain >-8.

Add aeration to bottom of conical container to maintain oxygen levels above 2 mg/! until cysts have hatched.
Maintain a light level of 1000 lux, at least during the first 3—4 h of incubation.

When cysts have hatched, remove aeration and allow nauplii to settle for 5—10 min at bottom of container.
Remove nauplii onto a screen of <150 wm mesh and rinse them thoroughly. Similarly remove any more
nauplii that settle at 5—10 min intervals.

Place in a separator box and use a light source to attract nauplii away from the unhatched cysts and debris;
collect the nauplii with a pipet and transfer to clean sea water.

LA W

*

nauplii hatched per g of cysts), hatching rate, including T, (the time to first hatch) and T,
(the time to 90% hatch), and hatching output (dry weight of nauplii hatched per g of cysts)
can be determined by the methods of Bruggeman et al.,3? Sorgeloos et al.,** Vanhaecke and
Sorgeloos,* and Vanhaecke and Sorgeloos,'” respectively. For certain strains, especially
those from the Canadian sulfate lakes, it might also be useful to know the difference in
hatching percentage in 5 ppt sea water vs. 35 ppt and with decapsulated vs. untreated cysts.”
Once these are known, routine hatching should be accomplished in containers with conical
bottoms, with an external light source of at least 1000 lux to trigger the hatching mechanism®?
and aeration from the bottom of the cone. Specific procedures for hatching and harvesting
Artemia nauplii are given in Table 2.

Knowledge of hatching characteristics is important due to the variability among batches
found by Vanhaecke and Sorgeloos.!” Percent hatch was found to vary from about 20 to
90% of the total cysts. This quality criterion for Artemia cysts obviously accounts for much
of the price differences among Artemia batches. A batch with 80% hatch will clearly be
worth more than a batch with 20% hatch. Number of nauplii hatching per gram of cysts can
vary from <100,000 to >300,000. Time to first hatch was also found to vary from about
13 h to about 20 h, and time to 90% hatch from about 20 h to about 32 h. This is important
because the practical aquaculturist normally wishes to harvest the nauplii and feed them to
the cultured organisms as soon after hatching as possible. With each passing hour, the nauplii
metabolize the yolk for their own energetic needs, therefore decreasing in energy content,
increasing in size and mobility, and making it more difficult for the predator to capture
them.

Perhaps more important than hatching characteristics: of the nauplii is the nutritional
quality of those nauplii for the particular organism being fed. It should be stressed that,
although Artemia nauplii are often a convenient, adequate food for short-term rearing of
fish and invertebrate larvae, they may not be a nutritionally complete food for long-term
rearing of those organisms. In particular, marine fish and invertebrate larvae appear to have
different fatty-acid requirements than do freshwater organisms.*” This subject will subse-
quently be covered in more detail; we simply remark that a batch of Artemia proven to be
a good food for rearing freshwater organisms will not necessarily be good for marine
organisms. Furthermore, there is no correlation between good hatching characteristics (e.g.,
>80% hatch) and good nutritional value. Nutritional value for marine organisms is another
quality criterion that accounts for much of the difference in price among Artemia batches.
Those batches that have an adequate fatty-acid composition for both freshwater and marine
organisms can be worth two to three times as much as batches that are adequate only for
freshwater organisms.

A prudent strategy for the aquaculturist is to buy a small quantity (e.g., one can) of a
particular batch of cysts and test it for hatching and nutritional quality before procuring a
Jarge quantity. In some aquaculture operations, Artemia cysts are used at a rate of several
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kg per day. Thus, cysts may cost tens of thousands of U.S. dollars per year and the quality
of the cysts should be verified before purchase or a quality certificate should be requested
at purchase (as is commonly done now in Europe).

Newly hatched Artemia nauplii are normally fed immediately upon harvesting to the
cultured organisms. They may be introduced into the culture tank all at once, or they may
be metered in slowly, so that some food is always available in the water. The latter method
has the inherent drawback that the nauplii lose nutritional value and increase in size while
they are held. One solution is the cold storage of nauplii until they are introduced into the
culture tanks.? If the nauplii are kept at about 4°C until they are added to the tank, their
metabolism is slowed and they retain their nutritional value and newly hatched size for up
to 48 h.

C. METANAUPLI

The term metanauplii is given to Artemia of Instar stages II through V, or roughly 2 to
5 d after hatching. Most nauplii will use up their yolk reserve and starve to death within 3
to 4 d after hatch, so successful utilization of metanauplii as food requires that they be
offered food prior to being fed to predators. This has generally meant feeding them with
algae so that the use of metanauplii in aquaculture has been limited. In recent years, however,
the introduction of enrichment techniques (see below) has allowed for the much simpler
culture of Artemia to the metanaupliar stages and these are now commonly used worldwide.

The main restriction on the use of metanauplii is their size (about 500 to 800 pm).
Many fish and crustacean larvae are not able to ingest such large particles until several days
to weeks after they have started to feed. For predators that are capable of ingesting metan-
auplii, however, the added nutritional value possibly obtained in algae-fed or enriched
Artemia can make utilization of this form of Artemia especially worthwhile. Furthermore,
the greater energy content obtained per particle ingested may reduce the energetic costs of
feeding for the predator, as compared to the costs of feeding on newly hatched nauplii that
may be smaller than the predator prefers.

D. JUVENILE AND ADULT ARTEMIA

These forms of Artemia, obtained through intensive Artemia culture in the laboratory
or extensive culture in ponds, are primarily important as live food for penaeid shrimp
aquaculture and are often referred to as Artemia ‘‘biomass’’. Methods for culture of Artemia
have been published elsewhere.”'*% Juvenile and adult Arfemia can be harvested easily
from an intensive culture system by siphoning or draining the tank. They can be harvested
from a pond either by a large net pushed or towed by a boat or by a net placed in the flow
of water at a pumping station between ponds.*® The harvested Arfemia may then be fed live
to the predator,*! frozen,** freeze-dried® for later usage, or made into a flake diet.*>*

Live Artemia biomass is apparently a good food both for the growth of penaeid shrimp
juveniles in nursery ponds and for the maturation of adult brood stock in hatcheries.20#! The
location of a salina or man-made Artemia production ponds in close proximity to an aqua-
culture facility can be beneficial to both Artemia producers and aquaculturists. For example,
in Thailand small-scale salt producers also harvest live Artemia biomass as a by-product
and sell it to fish and shrimp farmers, transporting it by truck.* In a demonstration project
in the Philippines, salt, Artemia, aquaculture, and agriculture production were all integrated
into a single business operation.*®

Another popular use of live Artemia is as a food for tropical and ornamental pet fish.442
The mode of transport for this application is by airplane, as well as by surface vehicles,
since the quantities required are smaller.

E. FROZEN AND FREEZE-DRIED ARTEMIA
Artemia biomass can be frozen, freeze-dried, or made into a flake diet for storage and




16

261

subsequent usage, with relatively little loss of nutritional composition. The frozen form is
sold commercially by several companies, which often advertise in aquaculture trade mag-
azines. Use of freeze-dried and flake diet forms has recently been suggested by Guimaraes
and Lira do Rego® and Janata et al.,** although their effectiveness as food (compared to
live Artemia) has not yet been completely demonstrated.

Frozen adult Artemia are normally used for culture of larval American lobsters (Homarus
americanus), as well as other crustacean and fish species (see review in Léger et al.*) Frozen
Artemia nauplii have also been used for culture of both crustacean*®*” and fish***° larvae.
Some investigators have observed that frozen or freeze-dried nauplii could lead to reduced
survival or growth of fish larvae,>** however, perhaps due to the loss of essential nutrients
during the thawing process.**

IV. FACTORS INFLUENCING THE EFFECTIVENESS OF
ARTEMIA AS A FOOD FOR AQUACULTURE

A. CYST COLLECTION AND PROCESSING

The collection and processing of cysts is normally done by the commercial supplier and
therefore is beyond the control of the aquaculturist. Variability in these procedures is likely
to affect hatchability more than nutritional value. Optimal procedures for collection and
processing have been given by Sorgeloos et al.>* Hatchability of cysts is probably decreased
the longer they remain on the shore of a pond, which is subject to alternations in drying
and rehydration. The cysts should, if possible, be collected directly from the hypersaline
pond water, e.g., through the use of collection barriers oriented perpendicular to the pre-
dominant wind direction.>® The collected cysts should then be separated from debris, sand,
etc. Optimal hatching will result when cysts are dried in a fluidized bed dryer and packaged
in cans under either vacuum or nitrogen.3

B. STORAGE OF CYSTS

Cysts should be dehydrated before storage (moisture content preferably <5%), because
a moisture content greater than 10% reduces hatchability.® Storage under vacuum or nitrogen
is important hecause the presence of oxygen can cause formation of free radicals that reduce
hatchability. ¢ Properly packaged containers of Artemia cysts can be kept at room temperature
or can be frozen;® however, if frozen, the cysts should be held for 1 week at room temperature
before they are incubated in sea water.’

It should also be noted that storage of frozen brine shrimp (nauplii or adults) for extended
periods in the presence of oxygen, similarly to any other aquaculture food, can result in the
oxidation of the long-chain highly unsaturated fatty acids (possibly causing rancidity)*® and
the depletion of vitamin E due to its antioxidant properties.®

C. HATCHING OF CYSTS

Problems of hatching variability have been discussed above. A knowledge of the hatching
characteristics of a particulat batch of cysts and application of that knowledge to daily
hatching procedures can greatly increase the effectiveness of usage of that batch in a hatchery.
Some standard rules can be applied to maximize the hatching and naupliar survival. First,
the container used for hatching should have a conical bottom into which aeration is intro-
duced. Any container with a cylindrical or square bottom will have ‘‘dead spots’” in which
Artemia cysts or nauplii will accumulate and deplete the oxygen supply. Aeration in the
bottom of a conical container will keep cysts and nauplii continually in suspension. Second,
the aeration level should be sufficient to maintain a dissolved oxygen concentration of at
least 2 mg/l (preferably S mg/1). Third, incubation should be carried out at a maximum
concentration of 5 g cysts per 1 of sea water for small volumes (e.g., <20 1) decreasing to




17

262  Artemia Biology

a concentration of 1 g cysts per 1 for large volumes (e.g., >100 I). Fourth, an external light
source is needed, especially during the first few hours of incubation,in order to trigger the
hatching mechanism. Fifth, technical grade sodium bicarbonate should be added at a max-
imum rate of 2 g/l in order to maintain the pH>8.0 throughout the incubation period. Finally,
if optimal procedures are followed and cysts still do not hatch well, it may be possible to
increase hatching percentage by treatment of the cysts with hydrogen peroxide (e.g., 5 min
soaking of dry cysts in a 5% hydrogen peroxide solution).>*® For a more complete review -
of Artemia cyst dormancy and hatching, the reader is referred to the recent review article
by Lavens and Sorgeloos.$

D. HARVESTING OF NAUPLII :

Four aspects of harvesting nauplii primarily govern the effectiveness of those nauplii as
food: (1) The harvest should take place as soon after T, as possible to ensure maximum
nutritional value of the nauplii.>!-*¢ (2) Nauplii should not be allowed to settle for too long
in the bottom of the conical container (i.e., 5 to 10 min maximum), lest they die due to
insufficient oxygen. (3) Nauplii should be collected on a submerged fine mesh (<150 pm)
screen and rinsed well with minimal mechanical harm to the nauplii before being fed to
cultured organisms, in order to prevent the introduction of hatching by-products like glycerol
into the culture system. (4) Nauplii should be separated from hatching debris and any dead
nauplii (e.g., with a separator box)?! so that only freely swimming, live nauplii are introduced
into the culture system. Feeding dead nauplii that become unavailable to the predator can
reduce culture output®® and foul the water. :

E. BIOMETRICS

Difference among Artemia geographical strains with regard to size of cysts and nauplii
has been well-studied by Vanhaecke and Sorgeloos.?® Size appears to be genetically deter-
mined and cysts collected over time from a particular location are relatively similar in
diameter. Cysts from San Francisco Bay and northeastern Brazil tend to be among the
smallest available, and those from India, China, Italy, and France, among the largest. Finally,
there is a high correlation between cyst diameter and naupliar length, as well as for several
other biometric characteristics.

Size of nauplii is often not critical for crustacean larvae, which can capture and manip-
ulate food particles with their feeding appendages. For fish larvae, which have no feeding
appendages, the ability to engulf a prey particle in one bite is critical. Fish larvae that receive
overly large Artemia nauplii may starve because they cannot ingest the particles. For at Jeast
one species, a high correlation exists between naupliar length of Artemia and larval fish
mortality during the first five days after hatching.®® Some fish species must be fed rotifers
as a first food because nauplii from all Artemia strains are too large. In those cases, the size
of nauplii will determine when the fish can be switched from a rotifer to an Artemia diet.

F. BIOCHEMICAL COMPOSITION

Many aspects of the biochemical composition of Artemia have been studied and the
results will only be summarized here. The reader is referred to the review by Léger et al.*
for a more extensive treatment of this subject.

The dry weight and individual energy content of Instar I Artemia nauplii are strongly
related to the size of the cysts and nauplii,® as one might expect. Dry weights range from
about 1.6 to 3.3 ug per nauplius and energy content from about 0.037 to 0.073 T per
nauplius.®!

Literature reports on proximate composition of nauplii vary greatly, ranging from 37 to
71% protein, 12 to 30% lipid, 11 to 23% carbohydrate, and 4 to 21% ash.* Values for adults
are 50 to 69% protein, 2 to 19% lipid, 9 to 17% carbohydrate, and 9 to 29% ash.*
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Fatty-acid composition of Artemia is probably the most studied biochemical component,
due to the early observations of Watanabe et al.* demonstrating that the long-chain essential
fatty acids in Artemia were especially variable. A recent review* of a large data base of
published and unpublished fatty-acid profiles revealed that six fatty acids, 16:0, 16:1(n-7);
18:1(n-9); 18:2(n-6); 18:3(n-3); and 20:5(n-3), normally make up about 80% of the total
fatty acids in an Artemia sample. The saturated and monoene fatty. acids of that group, 16:0,
16:1(n-7), and 18:1(n-9), typically comprise 40 to 60% of the total fatty acids. However,
it is clear from the work of Watanabe and his colleagues, as well as the work of the
International Study on Artemia, and subsequent work on Artemia enrichment,* that the (n-
3) series of fatty acids, 18:3(n-3) and 20:5(n-3), determine the nutritional effectiveness of
the Artemia more than any other single biochemical component. Linolenic acid, 18:3(n-3),
is an essential fatty acid for freshwater organisms, and eicosapentaenoic acid, 20:5(n-3), is
an essential fatty acid for marine organisms.*” If both fatty acids are lacking (a very rare
phenomenon) the Arfemia will probably be a poor food for both freshwater and marine
aquaculture species. Normally Artemia samples contain either (a) 18:3(n-3) levels >20% of
total fatty acids and 20:5(n-3) levels <5%, or (b) 18:3(n-3) levels- <10% and 20:5(n-3)
levels between 5 and 13%. Only the latter Arremia batches can be successfully fed to marine
organisms, because marine organisms appear to require Artemia with 20:5(n-3) levels >5%,
but both types can be fed to freshwater organisms. ‘

The fatty acid composition of an' Artemia batch is environmentally, not genetically,
determined. Millamena et al.* and Lavens et al.’*' have demonstrated that the fatty-acid
profiles of Artemia adults, as well as the cysts they produce, strongly reflect the fatty-acid
profile of the diet that they were fed. Artemia cysts produced in large salt lakes with a single
predominant algal species (e.g., Great Salt Lake, Utah) therefore have a more constant fatty-
acid profile over time than do cysts from ponds in solar salt evaporation systems, in which
algal species can change markedly both temporally and spatially. In recent years, cysts from
Great Salt Lake (by the hundreds of metric tons) have contained high levels. of 18:3(n-3)
and low levels of 20:5(n-3). Thus, the majority of the world’s cyst production has been
adequate only for culture of freshwater organisms. This has strongly influenced world market
prices and led to the commercialization of enrichment products (see below) so that food for
marine organisms could be made available.

The amino acid composition of Artemia nauplii, by contrast, seems to be remarkably
similar from strain to strain, suggesting that it is not environmentally determined in the
manner that the fatty acids are. Furthermore, the ten essential amino acids required for fish®?
are normally present in sufficient quantities in Artemia nauplii.

The presence of several proteolytic enzymes in Artemia developing embryos and
nauplii***%® and the measurement of proteolytic activity in Artemia nauplii’® has led to
speculation that the exogenous enzymes in the nauplii play a significant role in breakdown
of those nauplii in the digestive tract of larval fish.*”* This has become an important question
in view of the relatively low levels of digestive enzymes in many first-feeding fish larvae
and the inferiority of prepared feeds (vs. live) for marine fish larvae.

Vitamin analyses have been carried out only on San Francisco Bay Artemia cysts’ and
aduits.” Whether or not significant differences exist within or among strains is therefore
unknown. The published data indicate that levels of niacin, pyridoxine, and riboflavin in
Artemia are slightly less than recommended for cold-water fishes.®”

The levels of several minerals in Artemia as reported in the literature have been sum-
marized recently.® The mineral requirements of marine organisms are poorly known and
may be met by the sea water that they ingest. The main concern about Artemia mineral
composition is whether they meet the requirements of freshwater organisms in culture, about
which our knowledge is also poor. A recent study of variability of 18 minerals and trace
elements in Artemia cysts revealed that levels of selenium and manganese were the most
variable and that selenium in some cases may not be present in sufficient quantity.”
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V. THE NUTRITIONAL ENHANCEMENT OF ARTEMIA

A. SOLUTION TO THE PROBLEM OF NUTRITIONAL DEFICIENCIES

In the previous section it was concluded that the main factor affecting the nutritional
value of Artemia’as a food source for marine larval organisms was the content of the essential
fatty acid 20:5(n-3). This highly unsaturated long-chain fatty acid, along with 22:6(n-3),
have been proven to be essential for marine fish and crustaceans.?”-’>%* The content of
22:6(n-3) in freshly hatched Artemia is low, even nil, while the level of 20:5(n-3) is highly
variable (see Table 3 and Léger et al.*). In view of the essential fatty acid (EFA) deficiency
in Artemia, research has been conducted to increase the EFA content (review in Léger et
al.*). Taking advantage of its continuous nonselective feeding behavior, Artemia may be
fed any particulate diet when its particle size is below 50 pm.® Hence, a diet enriched with
EFA 20:5(n-3) and 22:6(n-3) will produce nutritionally more adequate Artemia. Léger et
al.®” have demonstrated that feeding cod liver oil-coated micronized rice bran (CLO) fortified
with 20:5(n-3) and 22:6(n-3), increased the level of both EFAs in San Pablo Bay Artemia
(SPB); see Table 4. Prefeeding with rice oil-coated rice bran (RO, lacking 20:5(n-3) and
22:6(n-3)) did not markedly increase the level of either EFA in SPB Artemia. The nutritional
value of EFA-enriched SPB Artemia for the marine crustaceans Mysidopsis bahia and Pen-
aeus stylirostris was significantly better than the newly hatched SPB nauplii (Table 5).
Prefeeding with the EFA-lacking diet (RO) did not enhance the nutritional quality of the
nauplii. The enhancement of the dietary value of SPB Artemia nauplii was optimal with
more refined (AA18) or more concentrated (SEC) enrichment diets (Table 4 and 5) which
resulted in higher EFA levels in the enriched Artemia. A similar, enhancement of the nutri-
tional value of Artemia nauplii for marine fish larvae (red seabream) was demonstrated by
Watanabe et al.®® using algae and yeasts containing EFA (Table 6). The best culture results
for both fish and shrimp were obtained when enriched Artemia nauplii contained not only
20:5(n-3), but also EFA 22:6(n-3); e.g., prefed with w-yeast, CLO, AA18, and SEC (see
Table 4 and 5). This probably explains why better culture results are usually obtained with
natural zooplankton such as copepods (e.g., Acartia spp., Eurytemora spp., Tigriopus spp.)
than with freshly hatched Artemia nauplii.®®** Marine zooplankton usually contain high
levels of 22:6(n-3).°* From these above experiments it is apparent that the nutritional value
of Artemia is governed by its content of EFA (especially 20:5(n-3) and 22:6(n-3), generally
referred to as (n-3)HUFA — Highly Unsaturated Fatty Acids), and that the nutritional value
of Artemia can be enhanced by enriching the nauplii through prefeeding with EFA-rich or
enriched diets.

B. ENRICHMENT TECHNIQUES

The finding that the nutritional value of Artemia can be improved by prefeeding with
EFA, especially (n-3)HUFA-rich diets, has led to the development of a number of enrichment
techniques and diets. Their application in marine larviculture is of particular interest because
of the variable levels of 20:5(n-3) and the very low levels (if any) of 22:6(n-3) found in
Artemia nauplii. Léger et al.* classified them into four groups: the British technique, with
unicellular algae; the Japanese technique, with w-yeast or emulsions plus baker’s yeast; the
French technique, with compound diets; and the Belgian technique, with microparticulate
diets or self-emulsifying concentrates. Beside the enrichment diet used, the respective tech-
niques vary with respect to hatching conditions, enrichment time (time between hatching
and addition of enrichment diet), enrichment period, and temperature. The enrichment levels
reported so far are summarized in Table VI of Léger et al. and Tables 7 and 8 of this
review.
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1. The British Technique

In this technique developed by Forster and Wickins® and Wickins,*® algae (Isochrysis
galbana) are used for enriching Artemia nauplii. A density of 10,000 nauplii per liter of sea
water containing 300 cells/ml is applied during 24 h for improving the nutritional value of
Artemia for prawn larvae (Palaemon serratus). No data are available on the enrichment
levels obtained applying this technique. Using I. galbana (T-Iso), Sivertsen® obtained a
maximum enrichment level of 5.5 mg/g (dry weight basis) after 12 b; this level dropped to
2.6 mg/g after 125 h. The disadvantages of using algae are that one has to maintain continuous
cultures and that the (n-3)HUFA content in algae is variable.** Recently, Walford and Lam®®
proposed the use of microcapsules (AR 121, Frippak, United Kingdom) containing a high
percentage of total lipids as a substitute for algac in enriching Artemia nauplii. Total
(n-3)HUFA buildup in Artemia nauplii reached a maximum of 16.9% (percent of total fatty
acids) after a 48-h enrichment. Rimmer and Reed®” reported enrichment levels up to 12%,
(20:5(n-3), 22:5(n-3), and 22:6(n-3) of total fatty acids) using Frippak microcapsules. They
obtained better culture results with Lates calcarifer when using Artemia enriched in this
way. Deru et al.,* using the same product during a 4-h enrichment, obtained a maximum
(n-3)HUFA enrichment of 6.8% in Artemia. The dietary value for Macrobrachium rosenbergi
larvae of these enriched Artemia was not significantly different from that of Arzemia con-
taining 6.0% (n-3)HUFA without enrichment.

2. The Japanese Technique

The “‘indirect method’’ as developed by Watanabe et al.5#%% at first applied algae
(Chlorella minutissima) for enrichment, similar to the British technique. Enrichment levels
in Artemia obtained with this algae reached 15.5% (n-3)HUFA of total fatty acids. A similar
procedure was adopted using the so-called w-yeast as an alternative to algae. The (n-3)HUFA
buildup after 24 h reached 13.8% of total fatty acids. This w-yeast, an (n-3)HUFA-fortified
baker’s yeast, was developed by Imada et al.’® and offers the advantage of having a less
variable EFA content than does algae. The disadvantage of using this product is that it has
to be used in a fresh, living condition. The ‘‘direct method’’ developed by Watanabe et
al.®1% requires emulsified fish oils (e.g., cuttle-fish liver oil and pollock oil) and an (n-
3)HUFA methylester mixture. The emulsion is fed to the Artemia nauplii which ingest and
accumulate the droplets. Reported (n-3)HUFA levels attained with this method is 1.01% or
10.1 mg/g Artemia (wet or dry weight basis not stated). Watanabe and colleagues concluded
that Artemia containing at least 0.3% (n-3)HUFA (dry or wet basis not stated) may be a
satisfactory single feed for marine fish, Pagrus major, Paralichthys sp., and Oplegnathus

sp.

3. The French Technique

Robin et al.'*? developed an enrichment technique applying a composed diet (Spirulina
powder, yeast, amino acids, vitamins, cholesterol, and fish oil) during a 48-h prefeeding
period. Later, Robin et al.’®® and Robin'* improved this technique by splitting up the
enrichment period in a 48-h prefeeding, followed by a short-term (30 min) enrichment bath,
using a diet based on fish autolysate, fish oil, vitamins, and minerals. (n-3)HUFA buildup
in Artemia reached 16 mg/g (dry weight basis). Higher levels up to 25 mg/g (dry weight
basis) were reported by Robin et al.?® through the use of higher dietary oil concentrations
in the prefeeding diet. Better culture results were obtained when Artemia, enriched in this
manner, were fed to seabass (Dicentrarchus labrax) and especially to turbot (Scophthalmus
maximus). Recently, Sivertsen et al.>* reported enrichment data obtained with a composed
diet containing fish meals and oils. A maximum level of 10.6 mg/g (dry weight basis) was
obtained in Artemia after a 12-h enrichment. When using micromilled pure squid meal, a
maximum level of (n-3)HUFA was attained after 96 h (15.4 mg/g), while the level after a
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TABLE 8
Composition (%) of Preenrichment and Enrichment Diets
for Which Abbreviations (G, J, L, M) are Given in Table 7

Preenrichment diets (48 h) Enrichment bath (0.5 h)

G L M J
Brewer’s yeast 89.4 83.4 73.4 -
Cod liver oil 4 10 20 10
Fish autolysate — — — 3
Choline chloride 2 1 1 4
DL-Methionine 1 2 2 2
Vitamin premix — 3.6 3.6 —
Vitamin mineral pre- 6 — — 11

mix

24-h enrichment was 5.9 mg/g. Replacing 25% of the squid meal ration with an emulsified
enrichment diet (SUPERSELCO, Artemia Systems, Belgium) the values reached 38.0 mg/
g and 12.0 mg/g, respectively. These authors also reported total amino acid contents in the
enriched Artemia: 378.2 mg/g (dry weight) using SUPERSELCO during 24 h; 383.8 mg/g
using squid meal; 419.4 mg/g using squid meal + SUPERSELCO; 413.9 mg/g using the
compound diet; and 407.3 mg/g using Isochrysis galbana. The amino acid composition was
not significantly different among enrichment diets.

4. The Belgian Technique

This technique consisted at first of prefeeding EFA-enriched microparticles, e.g., mi-
cronized rice bran coated with fish oils;* compound analog AA18.85'% Artemia enriched
in this manner contained up to 15.1 mg (n-3)HUFA per gram (dry weight basis). Because
of the complexity and cost for preparing these products, a new technology was applied for
producing a more effective enrichment diet under the form of a self-emulsifying concentrate.®”
This diet is a self-dispersing complex mixture of mainly (n-3)HUFA sources, vitamins,
carotenoids, and phospholipids. Upon dilution in sea water, finely dispersed stable microg-
lobules are formed which are readily ingested by Artemia and which bring about EFA-
enrichment levels which largely surpass the values reported in literature (e.g., 38.3 mg/g
to 53.5 mg/g after 24 h and up to 87.6 mg/g after a 48-h enrichment; see Table VI of Léger
et al.* and Tables 7 and 8 of this review). Different application regimes are proposed for
applying the self-emulsifying concentrates to the hatching medium or after separation of the
hatched nauplii.®

The high enrichment levels obtained with this technique are the result not only of an
optimal diet composition and presentation but also of proper enrichment procedures; e.g.,
nauplii must be transferred or exposed to the enrichment medium as soon as possible before
first feeding. In this way, the nauplii begin feeding immediately after the opening of the
alimentary tract (Instar II stage). Furthermore, the size increase occurring after hatching
during enrichment will be minimal. Artemia enriched according to previous procedures reach
>900 pm, whereas here, higher enrichment levels are obtained in nauplii measuring 660
pm (12-h enrichment) to 790 p.m (48-h enrichment).

Recently a dry form of the self-dispersing concentrate has been proposed with levels
obtained in Artemia of between 30 mg/g and 60 mg/g, dry weight.

C. (n-3)HUFA REQUIREMENTS

Several studies have shown the beneficial effect of feeding (n-3)HUFA-enriched nauplii
to several species of marine fish and crustaceans.*'*” However, no study has clearly indicated
the requirements for (n-3)HUFA for one species or another. Léger et al.* summarized I.S.A.
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(International Study on Artemia) feeding tests with several strains of Artemia for several
species. They concluded that high survival and growth of marine species are obtained with
Artemia nauplii containing at least 4% 20:5(n-3) of total fatty acid methyl esters (or about
4 mg/g on a dry weight basis), while levels below 3% consistently yielded poor results.
From their experiments Watanabe and colleagues concluded that Artemia containing at Jeast
0.3% (n-3)HUFA (dry or wet basis not stated) may be a satisfactory single feed for marine
fish. They added, however, that Artemia enrichment should always be applied since lipid
contents in Artemia gradually decrease after hatching.®®

Recently, it was found that (n-3)HUFA requirements may differ considerably among
marine species. Halibut (Hippoglossus hippoglossus) and dolphin fish (Coryphaena hippurus)
larvae appeared to require more than other species such as sea bream (Sparus aurata) and
sea bass (Dicentrarchus labrax).*®” Significant increases in survival and growth were obtained
only when fish were fed highly-enriched Artemia nauplii containing about 50 mg/g. Based
on this knowledge, the Working Group on the Mass Rearing of Juvenile Fish (Mariculture
Committee of the International Council for the Exploration of the Seas) in 1988, recom-
mended the initiation of a series of studies in order to better identify the qualitative and
quantitative requirements for (n-3)HUFA in marine larval fish. Three tasks are currently
being conducted: (1) cataloging all existing information; (2) identifying (n-3)HUFA require-
ments through feeding tests using three enrichment diets containing different levels of (n-
3)HUFA,; (3) intercalibrating (n-3)HUFA determination methods by gas chromatography.

D. OTHER APPLICATIONS OF ENRICHMENT

Besides EFAs (especially (n-3)HUFA), other nutrients can be incorporated in Artemia.
Watanabe et al.® reported on the accumulation of fat soluble vitamins (especially vitamin A
and vitamin E) in Artemia during a short-term (9 h) enrichment period. Vitamin A levels
increase from below 1 IU/g (wet weight basis) to over 16 IU/g within 9 h enrichment and
vitamin E levels increase from below 20 mg/g (wet weight basis) to about 250 mg/g in
freshly hatched and up to over 600 mg/g in starved metanauplii, 52 h old.

Besides nutrients, other components may be incorporated as well. Nin et al. (cited by
Léger'%?) report on the use of Artemia nauplii for administering therapeutics to fish larvae.
They demonstrated the use of Artemia nauplii enriched with chloramphenicol for Cichlosoma
nigrofasciatum. Caudal tissue levels of chloramphenicol reached 3 to 4 ppm after 1 h feeding
of 24-h enriched nauplii (Figure 1). Curative and preventive treatment of larvae through the
food chain may be much more effective than treating the relatively large volume of culture
water surrounding them.

The enrichment techniques and diets developed for Artemia may also be applied for
adult Artemia and other live food sources such as rotifers and nematodes.'0”-1%°

VI. SPECIFIC APPLICATIONS OF ARTEMIA FOR FEEDING
AQUACULTURE SPECIES

A. PENAEID SHRIMP CULTURE

Artemia is generally used for feeding the late larval and postlarval stages of penaeids.
Freshly hatched nauplii are usually offered beginning with the first mysis stage, and some-
times earlier at the zoea-mysis molt. Some authors recommend introduction of Artemia even
during the second zoea stage.!!® However, penaeids are usually fed algae prior to the Artemia
and undergo a several-day weaning period when both foods are. given. Thus, addition of
Artemia too early in the life cycle can result in competition for the algae food between the
uneaten Artemia and the penaeids. A convenient solution may be the early administration
of killed nauplii or decapsulated Artemia cysts, as suggested by Mock et al.* and Wilkenfeld
et al.!!®
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ppm chloramphenicol
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FIGURE 1. Chloramphenicol levels in fish larvae caudal tissue fed one single ration of 24 h-fortified Artemia
nauplii.

Little information is available on the nutritional value of different strains of Artemia for
penaeid shrimp. Léger et al.®” demonstrated that San Francisco Bay (236 2016) Artemia
nauplii performed significantly better than San Pablo Bay (1628) nauplii. The nutritional
value of the latter could be improved by (n-3)HUFA enrichment. In addition, the (n-3)HUFA
content of the diet (algae or substitutes) offered during the first developmental stages sig-
nificantly affected the susceptibility of the larvae to the poor nutritional quality of the San
Pablo Bay Artemia nauplii. For example, the negative effects of feeding these Artemia was
aggravated when the animals had previously been fed an (n-3)HUFA-poor diet while no
negative effects were noticed when an (n-3)HUFA-rich diet was administered during the
earlier stages. Feeding enriched Great Salt Lake Artemia nauplii also resulted in better
survival and growth in Penaeus vannamei postlarvae.’” When these postlarvae were sub-
sequently fed an artificial diet without transition from a live to a dry diet, better food
acceptance, growth, and survival were recorded than in those postlarvae which were pre-
- viously fed with (n-3)HUFA-poor Artemia.

Amat et al.""! compared the nutritional value of different Artemia strains for Penaeus
* kerathurus, P. serratus and P. adversus. The best growth and survival of shrimp were
obtained with Artemia strains containing the highest HUFA levels, although significant
differences were not always detected. P. adversus larvae grew even better on Artemia
containing only low levels of (n-3)HUFA (Great Salt Lake and San Pablo Bay Artemia).
Ongrown Artemia have been used successfully for postlarval feeding of Penaeus mono-
don,'*V* P. kerathurus,"'>"'® P. japonicus,*'":1¢ and P. aztecus."® Yashiro'** compared
growth and survival in P. monodon postlarvae reared on Artemia of progressively larger
size, fed with different diets (wheat flour, rice bran, and milled rice). Freshly hatched
Artemia supplemented with cooked mussel meat were fed in the control treatment. Growth
after 20 d was significantly better in the treatments fed ongrown Artemia (more than double
the weight gain), while survival was best in the control treatment, though not significantly
better than those shrimp fed Artemia grown on milled rice.
Guimaraes and Lira do Rego® successfully used ground and sieved freeze-dried and
liquefied fresh Artemia biomass collected from the saltworks in Macau (Brazil) as a food
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source for larval and postlarval P. japonicus and P. aztecus. Tetraselmis chuii and baker’s
yeast were fed during the Nauplius V and Protozoea I stages only while Artemia biomass
was offered from Protozoea I stage till harvest (PL. VII—PL IX). Following this method,
survival averaged 59% over a 3-year period.

B. FRESHWATER PRAWN, MACROBRACHIUM SP.

The culture of freshwater prawn larvae depends heavily on the use of Artemia nauplii,
which is the most successful diet throughout the larval rearing period, and after one week
usually in combination with prepared diets.'**** In contrast to penaeid shrimp, Macro-
brachium can initially be fed with freshly hatched Artemia nauplii. Sick and Beaty'? dem-
onstrated that naupliar concentration should be higher than 0.1 nauplii/ml to assure proper
ingestion. The same authors found that energy intake in M. rosenbergii was directly pro-
portional not only to Arfemia concentration but also to Artemia size. They demonstrated
that Stage VIII prawn larvae attained a maximum energy ingestion of 0.0066 cal/mg animal
dry weight/h when fed 0.7 mm Artemia metanauplii; 0.062 when fed 1.5 mm Arzemia larvae;
and 1.014 when fed 5.5 mm Artemia juveniles.

Only a few authors have studied the (n-3)HUFA requirements in Macrobrachium sp.
D’Abramo and Sheen!?® demonstrated significantly better growth in juvenile prawn with a
HUFA-supplemented experimental diet. Deru et al.*® could not identify extrapolation of this
HUFA requirement to the larval stages. They compared unfed Artemia nauplii containing
0.3% and 6.0% (n-3)HUFA, and 4-h enriched Artemia (Booster, Frippak, United Kingdom)
containing up to 6.9% 20:5(n-3) + 22:6(n-3). Using highly enriched Artemia nauplii (30.9%
(n-3)HUFA, 66.2 mg/g dry weight; SUPERSELCO, Artemia Systems Societé Anonyme,
Belgium), Devresse and Rasowo'? recently demonstrated significant differences in both
growth and survival of M. rosenberghii larvae using (n-3)HUFA-fortified vs. control Artemia
nauplii. The first postlarvae appeared on day 16 in the enriched Artemia-fed larvae and on
day 19 in the control treatment. Metamorphosis was completed on day 22 and day 25,
respectively.

C. MARINE FISH CULTURE

The larvae of several species of marine fish, e.g., bream, bass, and flatfish, can only
be offered an Artemia diet after an initial week on a smaller prey, primarily the rotifer,
Brachionus plicatilis. In contrast to crustacean larvae, marine fish larvae are cultured on
Artemia for a much longer period of time, e.g., 20 to 40 d. Artemia cyst consumption is

also among the highest in marine fish larviculture and ranges from 200 to 500 g per 1000
of the fry produced. Artemia biomass in live or frozen form is often applied as a transitional
diet for the fry when weaned from a live to an inert food. With the development of better
artificial diets, weaning can be successfully applied progressively earlier during the larval
development of different fish species.

The variability of the nutritional value of Arzemia nauplii as a food source for marine
larval fish has been well documented.’? Application of HUFA enrichment of the Artemia
diet has had a significant effect in marine fish larviculture;'? i.e., it resulted in increased
survival and less variability in fish hatchery production. The latter is especially important
since it was the missing link in the development of commercial production. Furthermore,
the quality of the fry in terms of stress resistance, better pigmentation, reduced deformities,
more successful swimbladder inflation, and increased vigor appears to be directly correlated
with (n-3)HUFA enrichment of their larval diet.'*®

The survival of European sea bass (Dicentrarchus labrax) appears strongly correlated
with the content of 20:5(n-3) in Artemia nauplii, while growth is highly correlated with
22:6(n-3) content. All larvae fed unenriched Great Salt Lake Artemia died within 35 d, while
25% of those fed (n-3)HUFA-enriched Great Salt Lake Artemia survived for 42 d.?
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" For good growth and survival in European sea bream (Sparus aurata), the food regime
of rotifers and brine shrimp should contain high levels of both 20:5 and 22:6(n-3). Best
resistance to stress conditions (i.e., activity test) was displayed by bream larvae fed 22:6(n-
3)-eririched live feed.!3®: ’ o '

With turbot (Scophthalmus maximus) (n-3)HUFA enrichment has its most significant

effect on larval pigmentation. However, survival remains too low and variability among

experiments too high to evaluate the effect of dietary (n-3)HUFA levels on growth and
survival. !

For the Pacific species, similar tendencies to those of the European species have been
determined. Survival at metamorphosis and stress resistance (i.e., salinity shocks) in Asian
sea bass (Lates calcarifer) is strongly correlated with the HUFA levels of its Arzemia diet.??
After 3 weeks culturing, milk fish (Chanos chanos) showed significant increases in growth
(length and dry weight) when fed HUFA-fortified Artemia.'®® Similarly, rabbit fish larvae
(Siganus gurtatus) fed HUFA-rich Artemia displayed less mortality when disturbed than did
controls fed HUFA-poor Artemia.'*

Until early 1988, culture trials with mahi-mahi larvae (Coryphaena hippurus) had only
been successful when they were fed natural copepods or other zooplankton. Culture tests
with newly hatched Artemia did not prove successful.’**'** In 1988 and 1989, significant
progress in the larviculture of this fast-growing aquaculture candidate was achieved by various
research groups in the U.S. and Australia. Feeding the larvae with (n-3)HUFA super-fortified
Artemia resulted in more consistent larviculture outputs in terms of survival, larval growth,
and health as compared to those cultured with the copepod Calamoecia or other zooplankton
as food.?1%

Rearing of red drum larvae (Sciaenops ocellatus) is currently being studied in the U.S.
Gulf Coast states. Rotifers are the first food, followed by Artemia nauplii,'*® and experiments
on the effects of enrichment of both live foods are currently being conducted.*

D. FRESHWATER FISH CULTURE

Much freshwater fish culture is carried out in ponds with natural zooplankton as the
larval food. The salmonids, perhaps the group cultured most widely on an intensive basis,
have a relatively well-developed digestive tract at first feeding and are usually fed prepared
diets immediately. Thus, Artemia is not used in the vast majority of freshwater fish culture.
However, several species of freshwater fish are fed Artemia. Whitefish larvae (family Cor-
egonidae) are often fed Artemia until they metamorphose and can be switched to a dry diet.”?
Hokanson and Lien!3® compared survival and growth of walleye larvae (Stizostedion vitreum)
raised on diets of Artemia, natural zooplankton, and fish larvae and concluded that Artemia
is the best choice for a first food. Barrows'® suggested a 15-d feeding period on brine
shrimp for walleye larvae prior to the feeding of traditional artificial diets. In the U.S.
Artemia nauplii are increasingly used as a first food for striped bass larvae (Morone saxa-
tilis).'*° Interestingly, although these fish are reared in fresh or very low-salinity water,
recent evidence'* suggests that they may have the fatty-acid requirements of a marine fish,
which they become as adults. The larvae are typically fed Artemia from about 5 d post-
hatch until about 20 d, then weaned onto an artificial diet until about 30 d, after which
Artemia feeding ceases.!?

A major drawback in feeding Artemia to freshwater organistns is that the Artemia die
after 30 to 60 min in fresh water. Therefore, they are not continuously available to the
predator, as they would be in marine systems, and must be fed intermittently every 2 to 3
h. A lot of the convenience of Artemia is thus lost, especially since dead Artemia may foul
the water.

E. AQUARIUM FISH
As mentioned above, both live and frozen adult Artemia are used as food for species
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reared as pets by home aquarists. Cysts are also purchased by these users and hatched for
feeding as nauplii. Survival, vigor, and pigmentation were reported to be significantly
improved in several tropical species when (n-3)HUFA levels were increased,!s0 Although
the quantities used by a pet fish owner are small compared to those used by a commercial
aquaculturist, there are many more of the former than the latter.

F. TOXICOLOGICAL RESEARCH

An increasing market for Artemia cysts is developing among researchers in aquatic
toxicology. As governmental requirements for environmental testing increase, many more
tests are being conducted with many more species. Standards now exist for the use of Artemia
nauplii as food for those organisms’* and the availability of reference Artemia diets'*-146
greatly assists in the rigorous conduct of that testing.

VII. CONCLUDING REMARKS

Artemia usage in aquaculture is currently undergoing great changes. As new aquaculture
species are developed and as aquaculture production increases, the demand for Artemia
continues to grow, especially in Asia, Latin America, and Europe. At the Second International
Symposium on Artemia in 1985, projections were made that cyst sales would increase to
150—170 tons annually before the year 2000.> Only three years later, at the World Aqua-
culture Society meeting, participants estimated that 1988 consumption would already be 250
tons. As demand increases, prices are likely to increase also.

The development of products and techniques to enrich Artemia has meant that cysts
from the world’s major production source, Great Salt Lake, could be used for marine as
well as freshwater species. This has helped ease the shortage of cysts that inherently have
an adequate fatty-acid profile for marine organisms.

Two major questions exist at this point. First, will Artemia supply be able to keep up
with demand? Research is currently being conducted to try to understand the processes in
extensive production of Artemia, so that someday salinas and lakes might be biologically
managed to optimize production. Second, can artificial formulated diets ever totally replace
Artemia as a sole food for cultured larvae? Research is being conducted both on the devel-
opment of diets and materials to bind or encapsulate them and on the physiological and
nutritional requirements of larvae. It appears at this point that adequate diets will not be
ready for several years, if ever. For the time being, Artemia will continue to be the major
live food for larviculture and, therefore, a product that unites aquaculturists and researchers
in both developed and developing countries.

ACKNOWLEDGMENTS

This work was supported by Cooperative Agreement CR-814721 between the U.S.
Environmental Protection Agency and the University of Rhode Island representing Contri-
bution Number X154 from the EPA Environmental Research Laboratory, Narragansett, RI.
It was also supported by the Belgian National Science Foundation through, FKFO Project
Artemia, the Belgian Administration for Development Cooperation, the Belgian Ministry of
Science Policy, and Artemia Systems NV/SA.




35

280

—

Artemia Biology

REFERENCES

. Seale, A., Brine shrimp (Artemia) as a satisfactory food for fishes, Trans. Am. Fish. Soc., 63, 129, 1933.

2. Gross, F., Notes on the culture of some marine plankton organisms, J. Mar. Biol. Ass. U.K., 21, 753,

10: Ferreira de Souza, T., personal communication, 1977.
12.
13.
14.
15.

16.
17.
18.

19.

20.

2

—

22.

23

25.

26.
27.

28.

1937.

. Rollefsen, G., Artificial rearing of fry of seawater fish — preliminary communication, Rapp. P.-v. Reun.

Cons. Perm. Int. Explor. Mer, 109, 133, 1939,

. Léger, P., Bengtson, D. A., Simpson, K. L., and Sorgeloos, P., The use and nutritional value of Artemia

as a food source, Oceanogr. Mar. Biol. Ann. Rev., 24, 521, 1986.

. Léger, P., Bengtson, D. A., Sorgeloos, P., Simpson, K. L., and Beck, A. D., The nutritional value of

Artemia: a review, in Artemia Research and Its Applications, Vol. 3, Sorgeloos, P., Bengtson, D. A,
Decleir, W., and Jaspers, E., Eds., Universa Press, Wetteren, Belgium, 1987, 357.

. Lavens, P. and Sorgeloos, P., The cryptobiotic state of Artemia cysts, its diapause deactivation and

hatching: a review, in Artemia Research and Its Applications, Vol. 3, Sorgeloos, P., Bengtson, D. A,
Decleir, W., and Jaspers, E., Eds., Universa Press, Wetteren, Belgium, 1987, 27.

. Sorgeloos, P., Bossuyt, E., Lavens, P., Léger, P., Vanhaecke, P., and Versichele, D., The use of

brine shrimp Artemia in crustacean hatcheries and nurseries, in Handbook of Mariculture, Vol. 1, McVey,
J. P., Ed., CRC Press, Boca Raton, FL, 1983, 71.

. Watanabe, T., The use of Artemia in fish and crustacean farming in Japan, in Artemia Research and its

Applications, Sorgeloos, P., Bengtson, D. A., Decleir, W., and Jaspers, E., Eds., Universa Press, Wetteren,
Belgium, 1987, 373.

. Watanabe, T., Kitajima, C., and Fujita, S., Nutritional values of live organisms used in Japan for mass

propagation of fish: a review, Aquaculture, 34, 115, 1983,
Schmidt, A. and Sanders, G., personal communication, 1979.

Sorgeloos, P., The use of the brine shrimp Artemia in aquaculture, in The Brine Shrimp Artemia, Vol. 3,
Persoone, G., Sorgeloos, P., Roels, O., Jaspers, E., Eds., Universa Press, Wetteren, Belgium, 1980, 25.
Conference recommendation, FAO Technical Conference on Aquaculture, Kyoto, Japan, (May/June) FAQ
Fish. Rep., 188, 1, 1976.

Sorgeloos, P., The brine shrimp, Artemia salina: a bottleneck in mariculture, in Advances in Aquaculiure,
Pillay, T. V. R. and Dill, W. A, Eds., Fishing News Books, Farnham, England, 1979, 321.
Anonymous, Thai freshwater prawn and brine shrimp farming. Report on a study of economics, marketing
and processing requirements, FAO Report THA:75:008:80/WP 17, 1980.

Sorgeloos, P., Live animal food for larval rearing in aquaculture: the brine shrimp Artemia, in Realism in
Aquaculture: Achievements, Constraints, Perspectives, Bilio, M., Rosenthal, H., and Sindermann, C. J.,
Eds., European Aquaculture Society, Bredene, Belgium, 1986, 199.

Vanhaecke, P., and Sorgeloos, P., International Study on Arremia. XXX. Hatching data for ten commercial
sources of shrimp cysts and reevaluation of the “‘hatching efficiency’’ concept, Aquaculture, 30, 43, 1983.
San Francisco Bay Brand, Inc., and Sanders Brine Shrimp Co., personal communication.

Camara, M. R. and De Medeiros Rocha, R., Artemia culture in Brazil: an overview, in Artemia Research
and Its Applications, Vol. 3, Sorgeloos, P., Bengtson, D. A., Decleir, W., and Jaspers, E., Eds., Universa
Press, Wetteren, Belgium, 1987, 195.

Sorgeloos, P., Bengtson, D. A., Decleir, W., and Jaspers, E., Eds., Artemia Research and Its Appli-
cations, Vol. 1. Morphology, Genetics, Radiabiology, Strain Characterization, Toxicology, Universa Press,
Wetteren, Belgium, 1987.

. Sorgeloos, P., Bengtson, D. A., Decleir, W., and Jaspers, E., Eds., Artemia Research and Its Appli-

cations, Vol. 3. Ecology, Culturing, Use in Aquaculture, Universa Press, Wetteren, Belgium, 1987.
Sorgeloos, P. Artemia Newsletter, No. 13, Artemia Reference Center, State University of Ghent, Belgium,
1989.

. Artemia Systems, SA, Ghent, Belgium, unpublished personal communication.
24.

Sorgeloos, P., Artemia Newsletter, No. 12, Artemia Reference Center, State University of Ghent, Belgium,
1989.

Sorgeloos, P., Brine shrimp Artemia in coastal saltworks: hydrobiological key to improved salt production;
inexpensive food for vertically integrated aguaculture, in Proc. International Symposium on Saltworks
Conversion for Aquaculture, D’ Amelio, V. and Santulli, A., Eds., Libera Universita Trapani, 1987, 133.
Vu Do Quynh, Viet Nam. Coastal aquaculture in the Southern Provinces, World Aquaculture, 20(2), 1987.
Sorgeloos, P., Artemia Newsletter, No. 11, Artemia Reference Center, State University of Ghent, Belgium,
1989.

Sorgeloos, P., Artemia Newsletter, No. 10, Artemia Reference Center, State University of Ghent, Belgium,
1988.




36

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

4

—

42,

43,

45,

46.

47.

48.

281

Vanhaecke, P. and Sorgeloos, P., International Study on Artemia. IV. The biometrics of Artemia strains
from different geographical origin, in The Brine Shrimp Artemia, Vol. 3, Persoone, G., Sorgeloos, P.,
Roels, O., and Jaspers, E., Eds., Universa Press, Wetteren, Belgium, 1980, 393. }
Sorgeloos, P., Bossuyt, E., Lavifia, E., Baeza-Mesa, M., and Persoone, G., Decapsulation of Artemia
cysts: a simple technique for the improvement of the use of brine shrimp in aquaculture, Aquaculture, 12,
311, 1977.

Vanhaecke, P., Lavens, P., and Sorgeloos, P., International Study on Artemia. XVI1. Energy consumption
in cysts and early larval stages of various geographical strains of Artemia, Ann. Soc. R. Zool. Belg., 113,
155, 1983.

Bruggeman, E., Sorgeloos, P., and Vanhaecke, P., Improvements in the decapsulation technique of
Artemia cysts, in The Brine Shrimp Artemia, Vol. 3, Persoone, G., Sorgeloos, P., Roels, O., and Jaspers,
E., Eds., Universa Press, Wetteren, Belgium, 1980, 216.

Sorgeloos, P., Persoone, G., Baeza-Mesa, M., Bossuyt, E., and Bruggeman, E., The use of Artemia
cysts in aquaculture the concept of ‘‘hatching efficiency’” and description of a new method for cyst
processing, in Proc. 9th Annual Meeting World Mariculture Society, Avault, J. W, Jr., Ed., Louisiana
State University, Baton Rouge, 1978, 715.

Vanhaecke, P. and Sorgeloos, P., International Study on Artemia. XVIII. The hatching rate of Artemia
cysts — a comparative study, Aquacult. Eng., 1, 263, 1982.

Vanhaecke, P., Cooreman, A., and Sorgeloos, P., International Study on Artemia. XV. Effect of light
intensity on hatching rate of Artemia cysts from different geographical origin, Mar. Ecol. Prog. Ser., 5,
111, 1981.

Benijts, F., Van Voorden, E., and Sorgeloos, P., Changes in the biochemical composition of the early
larval stages of the brine shrimp Artemia salina L., in 10th European Symposium on Marine Biology, Vol.
1, Persoone, G., and Jaspers, E., Eds., Universa Press, Wetteren, Belgium, 1975, 1.

Kanazawa, A., Teshima, S.-I., and Ono, K., Relationship between fatty acid requirements of aquatic
animals and the capacity for bioconversion of linolenic acid to highly unsaturated fatty acids, Comp. Biochem.
Physiol., 63B, 295, 1979.

Léger, P., Vanhaecke, P., and Sorgeloos, P., International Study on Artemia. XXIV. Cold storage of
live Artemia nauplii from various geographical sources: potentials and limits in aquaculture, Aquacult. Eng.,
2, 69, 1983.

Persoone, G., Sorgeloos, P., Roels, O., and Jaspers, E., The Brine Shrimp Artemia, Vol. 3, Ecology,
Culturing, Use in Aquaculture, Universa Press, Wetteren, Belgium, 1980.

Guimaraes, J. I. and Lira do Rego, F., The use of freeze-dried Artemia as food for penaeid shrimp
larvae, in Artemia Research and Its Applications, Vol. 3, Sorgeloos, P., Bengtson, D. A., Decleir, W.,
and Jaspers, E., Eds., Universa Press, Wetteren, Belgium, 1987, 479.

. Tarnchalanukit, W. and Wongrat, L., Artemia culture in Thailand, in Artemia Research and Its Appli-

cations, Vol. 3, Sorgeloos, P., Bengtson, D. A., Decleir, W., and Jaspers, E., Eds., Universa Press,
Wetteren, Belgium, 1987, 201.

Lai, L. and Lavens, P., Workshop report: Artemia as a business perspective, in Artemia Research and
Its Applications, Vol. 3, Sorgeloos, P., Bengtson, D. A., Decleir, W., and Jaspers, E., Eds., Universa
Press, Wetteren, Belgium, 1987, 517.

Janata, W. R., Bell, D. J., and Keller, P. D., The DSIR-Artemia harvesting programme, in Artemia
Research and Its Applications, Vol. 3, Sorgeloos, P., Bengtson, D. A., Decleir, W., and Jaspers, E., Eds.,
Universa Press, Wetteren, Belgium, 1987, 221.

. Sumeru, S. U. and Nur, A., Preliminary test on the effect of Arzemia flake diet on the growth and survival

of Penaeus monodon postlarvae at various feeding rates, Bull. Brackishwater Aguacult. Dev. Cent., 8, 94,

.1986.

Jumalen, N. A., and Ogburn, D. M., Nutrient flow and physicochemical profile studies of an integrated
poultry-salt-Artemia-milkfish-sea bass-shrimp pond production system, in Artemia Research and Its Ap-
plications, Vol. 3, Sorgeloos, P., Bengtson, D. A., Decleir, W., and Jaspers, E., Eds., Universa Press,
Wetteren, Belgium, 1987, 239.

Mock, C. R., Fontaine, C. T., and Revera, D. B., Improvemems in rearing larval penaeid shrimp by
the Galveston Laboratory method, in The Brine Shrimp Artemia, Vol. 3, Persoone, G., Sorgeloos, P.,
Roels, O., and Jaspers, E., Eds., Universa Press, Wetteren, Belgium, 1980, 331.

Mock, C. M., Revera, D. B., and Fontaine, C. T., The larval culture of Penaeus stylirostris using
modifications of the Galveston Laboratory technique, in Proc. 11th Annual Meeting World Mariculture
Sociery, Avault, J. W., Jr., Ed., Louisiana State University, Baton Rouge, 1980, 102.

Gunkel, G., Laboratory experiments on the cultivation of young whitefish, Coregonus fera J.: food intake,
gross growth-efficiency and growth of the fry, in Cultivation of Fish Fry and Its Live Food, Styczynska-
Jurewicz, E., Backiel, T., Jaspers, E., and Persoone, G., Eds., European Mariculture Society, Bredene,
Belgium, 1979, 211.




37

282

49.

50.

31,

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Artemia Biology

Kentouri, M., Elevage des larves du loup (Dicentrarchus labrax) i 1'aide d’organisme du zooplancton
congelée: résultats préliminaires, Aquaculture, 21, 171, 1980.

Hogendoorn, H., Controlled propagation of the African catfish, Clarias lazera (C and V.). IIL. Feeding
and growth of fry, Aquaculture, 21, 233, 1980.

Seidel, C. R., Schaner, P. S., Katayama, T., and Simpson, K. L., Culture of Atlantic silversides fed
on artificial diets and brine shrimp nauplii, Bull. Jap. Soc. Sci. Fish., 46, 237, 1980.

Flichter, J., Review of the present knowledge of rearing whitefish (Coregonidae) larvae, Aquaculture,
19, 191, 1980.

Fuchs, J., Production de juveniles de sole (Solea solea) en conditions intensives. 1. Le premier mois
d’élevage, Aquaculture, 26, 321, 1981/1982.

Grabner, M., Wieser, W., and Lackner, R., The suitability of frozen and freeze-dried zooplankton as
food for fish larvae: a biochemical test program, Aquaculure, 26, 85, 1981.

Sorgeloos, P., Lavens, P., Léger, P., Tackaert, W., and Versichele, D., Manual for the Culture and
Use of the Brine Shrimp Artemia in Aquaculture, Artemia Reference Center, State University of Ghent,
Ghent, Belgium.

Crowe, J. H. and Clegg, J. S., Anhydrobiosis, Dowden, Hutchinson and Ross, Inc., Stroudsburg, PA,
1973.

Kinne, O., Research cultivation, in Marine Ecology, Vol. 3, Part 2, Kinne, O., Eqd., Wiley Interscience,
New York, 1977, 579.

Hardy, R. W., Diet preparation, in Fish Nutrition, 2nd ed., Halver, J. E., Ed., Academic Press, New
York, 1989, 476.

Halver, J. E., The vitamins, in Fish Nutrition, 2nd ed., Halver, J. E., Ed., Academic Press, New York,
1989, 32.

Lavens, P., Tackaert, W., and Sorgeloos, P., International Study on Arremia. XLI. Influence of culture
conditions and specific diapause deactivation methods on the hatchability of Artemia cysts produced in a
standard culture system, Mar. Ecol. Prog. Ser., 31, 179, 1986.

Sorgeloos, P. and Persoone, G., Technological improvements for the cultivation of invertebrates as food
for fishes and crustaceans. II. Hatching and culturing of the brine shrimp, Artemia salina L., Aquaculiure,
6, 303, 1975.

Ward, S. H., Feeding response of the mysid Mysidopsis bahia reared on Artemia, Prog. Fish-Culr., 49,
29, 1987.

Beck, A, D. and Bengtson, D. A., International Study on Artemia. XXII. Nutrition in aquatic toxicology
- diet quality of geographical strains of the brine shrimp, Artemia, in Aquatic Toxicology and Hazard
Assessment: Fifth Conference, Pearson, J. G., Foster, R. B., and Bishop, W. E., Eds., American Society
for Testing and Materials, Philadelphia, PA, 1982, 161.

Watanabe, T., Oowa, F., Kitajima, C., and Fujita, S., Nutritional quality of brine shrimp, Artemia
salina, as a living feed from the viewpoint of essential fatty acids for fish, Bull. Jap. Soc. Sci. Fish., 44,
1115, 1978.

Mill O. M., Bombeo, R. F., J fon, N. A., and Simpson, K. L., The effect of various diets
on the nutritional value of Artemia as feed for Penaeus monodon larvae, in Book of Abstracts, 16th Annual
Meeting World Mariculture Society, Orlando, FL, 1985, 21.

Seidel, C. R., Kryznowek, J., and Simpson, K. L., International Study on Artemia. XI. Amino acid
composition and electrophoretic protein patterns of Artemia from five geographical locations, in The Brine
Shrimp Artemia, Vol. 3, Persoone, G., Sorgeloos, P., Roels, O., and Jaspers, E., Eds., Universa Press,
Wetteren, Belgium, 1980, 375.

National Research Council, Nutrient Requirements of Cold-Water Fishes, National Academy Press, Wash-
ington, D.C., 1981.

Ezquieta, B. and Vallejo, C. G., Artemia trypsin-like proteinase - a developmentally regulated proteinase,
in Artemia Research and Its Applications, Vol. 2, Decleir, W., Moens, L., Slegers, H., Sorgeloos, P.,
and Jaspers, E., Eds., Universa Press, Wetteren, Belgium, 1987, 53.

Perona, R., Ezquieta, B., and Vallejo, C. B., The degradation of yolk in Artemia, in Artemia Research
and Its Applications, Vol. 2, Decleir, W., Moens, L., Slegers, H., Sorgeloos, P., and Jaspers, E., Eds.,
Universa Press, Wetteren, Belgium, 1987, 105.

Dabrowski, K. and Glogowski, J., Studies on the proteolytic enzymes of invertebrates constituting live
fish food, Hydrobiologia, 52, 171, 1977.

Dabrowski, K. R., The role of proteolytic enzymes in fish digestion, in Cultivation of Fish Fry and Its
Live Food, Styczynska-Jurewicz, E., Backiel, T, Jaspers, E., and Persoone, G., Eds., European Mariculture
Society, Bredene, Belgium, 1979, 107.

Stults, V. J., The nutritional value of brine shrimp cysts: the encysted eggs of Artemia salina, Ph.D.
thesis, Michigan State University, East Lansing, MI, 1974.

Gallagher, M. and Brown W. D., Composition of San Francisco Bay brine shrimp (Artemia salina),
Agric. Food Chem., 23, 630, 1975.




38

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9

—

92.

93.

94.

95.

96.

97.

283

Cowgill, U. M., Emmel, H. W., Boggs, G. U., Murphy, P. G., Gersich, F. M., Takahashi, 1. T.,
and Bengtson, D. A., Variations in chemical composition of Arremia cysts from three geographical
locations, in Artemia Research and Its Applications, Vol. 1, Sorgeloos, P., Bengtson, D. A., Decleir, W,
and Jaspers, E., Eds., Universa Press, Wetteren, Belgium, 1987, 173.

Owen, J. M., Adron, J. W., Sargent, J. R., and Cowey, C. B., Studies on the nutrition of marine
flatfish. The effect of dietary fatty acids on the tissue fatty acids of the plaice Pleuronectes platessa, Mar.
Biol., 13, 160, 1972.

Owen, J. M., Adron, J. W., Middleton, C., and Cowey, C. B., Elongation and desaturation of dietary
fatty acids in turbot, Scophthalmus maximus, and rainbow trout, Salmo gairdneri, Lipids, 10, 528, 1975.
Yone, Y. and Fujii, M., Studies on nutrition of red sea bream. XI. Effect of (n-3) fatty acid supplement
in a corn oil diet on growth rate and feed efficiency, Bull. Jap. Soc. Sci. Fish., 41, 73, 1975.

Cowey, C. B., Owen, J. M., Adron, J. W., and Middleton, C., Studies on the nutrition of marine
flatfish. The effect of different dietary fatty acids on the growth and fatty acid composition of turbot
(Scophthalmus maximus), Brit. J. Nutr., 36, 479, 1976.

Guary, J. C., Kayama, M., Murakami, Y., and Ceccaldi, H. J., The effects of a fat-free diet and
compounded diets supplemented with various oils on moult, growth and fatty acid composition of prawn,
Penaeus japonicus Bate, Aquaculture, 7, 245, 1976.

Gatesoupe, J., Girin, M., and Luguet, P., Recherche d’une alimentation artificielle adaptée a I'élevage
des stades larvaires des poissons. II. Application a I’élevage larvaire du bar et de la sole, Actes Collog.
C.N.EX.0., 4, 59, 1977.

Kanazawa, A., Teshima, S..I., and Tokiwa, S., Nutritional requirements of prawn — VII. Effects of
dietary lipids on growth, Bull. Jap. Soc. Sci. Fish., 43, 849, 1977.

Yone, Y., Essential fatty acids and lipid requirements in marine fish, in Dietary Lipids in Aquaculture,
Japanese Society for Scientific Fisheries, Eds., Koseisha-Koseikaku, Tokyo, 1978, 43.

Léger, C., Gatesoupe, F. J., Metailler, R., Luquet, P., and Frémont, L., Effect of dietary fatty acids
differing by chain lengths and @ series on the growth and lipid composition of turbot Scophthalmus maximus
L., Comp. Biochem. Physiol., 64B, 345, 1979.

Bell, M. V., Henderson, R. J., Pirie, B. J. S., and Sargent, J. R., Effects of dietary polyunsaturated
fatty acid deficiencies on mortality, growth, and gill structure in the turbot, Scophthalmus maximus, J. Fish
Biol., 26, 181, 1985.

Léger, P., Bieber, G. F., and Sorgeloos, P., International Study on Artemia. XXXIII. Promising results
in larval rearing of Penaeus stylirostris using a prepared diet as algal substitute and for Artemia enrichment,
J. World Maricult. Soc., 16, 354, 1985.

Dobbeleir, J., Adam, N., Bossuyt, E., Bruggeman, E., and Sorgeloos, P., New aspects of the use of
inert diets for high density culturing of brine shrimp, in The Brine Shrimp Artemia, Vol. 3, Persoone, G.,
Sorgeloos, P., Roels, O., and Jaspers, E., Eds., Universa Press, Wetteren, Belgium, 1980, 165.

Léger, P., Naessens-Foucquaert, E., and Sorgeloos, P., Intemational Study on Artemia. XXXV. Tech-
niques to manipulate the fatty acid profiled in Artemia nauplii, and the effect on its nutritional effectiveness
of the marine crustacean Mysidopsis bahia (M.), in Artemia Research and Its Applications, Vol. 3, Sorgeloos,
P., Bengtson, D. A., Decleir, W., and Jaspers, E., Eds., Universa Press, Wetteren, Belgium, 1987, 411.
Watanabe, T., Oowa, F., Kitajima, C., and Fujita, S., Relationship between dietary value of brine
shrimp Artemia salina and their content of (n-3) highly unsaturated fatty acids, Bull. Jap. Soc. Sci. Fish.,
46, 35, 1980.

Fukusho, K., The food value of Artemia to the percoid fish larvae, Oplegnathus fasciatus, Aquaculture,
21, 71, 1974.

Kuhiman, D., Quantz, G., and Witt, U., Rearing of turbot larvae (Scophthalmus maximus L.) on cultured
food organisms and post-metamorphosis growth on natural and artificial food, Aquaculture, 23, 183, 1981.

. Watanabe, T., Arakawa, T., Kitajima, C., Fukusho, K., and Fujita, S., Nutritional quality of living

feed from the viewpoint of essential fatty acids for fish, Bull. Jap. Soc. Sci. Fish., 44, 1223, 1978.
Forster, J. R. M. and Wickins, J. F., Experiments on the culture of the prawn Palaemon serratus, ICES
Mariculture Committee, E:13, 1967,

Wickins, J. F., The food value of brine shrimp, Artemia salina L. to larvae of the prawn, Palaemon
serratus Pennant, J. Exp. Mar. Biol. Ecol., 10, 151, 1972.

Sivertsen, A., Rodriguez, J. R., Reitau, K. L., and Olsen, Y., Chemical composition of Artemia fed
different diets, S.T.F. 21, F 90-27. SINTEF, Trondheim, Norway, 31, 1989.

Scott, A. P. and Middleton, C., Unicellular algae as a food for turbot (Scophthalmus maximus L.) larvae
— the importance of dietary long-chain polyunsaturated fatty acid, Aquaculture, 18, 227, 1979.
Walford, J. and Lam, T. J., Effect of feeding with microcapsules on the content of essential fatty acids
in live foods for the larvae of marine fishes, Aquaculture, 61, 219, 1987.

Rimmer, M. A. and Reed, A., Effects of nutritional enhancement of live prey organisms on survival of
barramundi/seabass (Lates calcarifer) larvae, in Book of Abstracts, Conference on Advances in Tropical
Aquaculture, Feb/March, Tahiti, 1989,




39

284

98.

99.

101.

102.

103.
104.
105.
106.
107.

108.

109.
110.

111

112.

113.

114,

115.

116.

117.

118.

119.

120.

121,

122.

Artemia Biology

Deru, J., McColgan, S., Ahmed, K., and Jones, D. A., Requirement for dietary HUFA in the larval
culture of Macrobrachium rosenbergii and other caridean larvae, in Book of Abstracts, Aquacuiture, ‘89,
February 1989, Los Angeles, CA.

Watanabe, T., Ohta, M., Kitajima, C., and Fujita, 8., Improvement of dietary value of brine shrimp
Artemia sqlina for fish larvae by feeding them on (n-3) highly unsaturated fatty acids, Bull. Jap. Soc. Sci.
Fish., 48, 1775, 1982.

. Imada, O., Kageyama, Y., Watanabe, T., Kitajima, C., Fujita, S., and Yone, Y., Development of a

new yeast as a culture medium for living feed used in the production of fish seed, Bull. Jap. Soc. Sci.
Fish., 45, 955, 1979.

Watanabe, T., Tamiya, T., Oka, A., Hirata, M., Kitajima, C., and Fujita, S., Improvement of dietary
value of live foods for fish larvae by feeding them on (1n-3) highly unsaturated fatty acids and fat-soluble
vitamins, Bull. Jap. Soc. Sci. Fish. 49, 471, 1983.

Robin, J. H., Gatesoupe, F. J., and Ricardez, R., Production of brine shrimp (Artemia salina) using
mixed diet. Consequences on rearing of sea bass larvae (Dicentrarchus labrax), J. World Mariculr. Soc.,
12, 119, 1983.

Robin, J. H., Gat pe, F. J., Stephan, G., Le Delliou, H., and Salaun, G., Méthodes de production
de filtreurs-proies et amélioration de leur qualité alimentaire, Oceanis, 10, 497, 1984.

Robin, J. H., unpublished data, 1988.

Robin, J. H., LeMilinaire, C., and Stephan, G., Production of Artemia using mixed diets: control of
fatty acid content for marine fish larvae culture, in Artemia Research and Its Applications, Vol. 3, Sorgeloos,
P., Bengtson, D. A., Deceir, W., and Jaspers, E. Eds., Universa Press, Wetteren, Belgium, 1987, 437.
Léger, P., unpublished data, 1985.

Léger, P., De nutritionele waarde van Artemia in de aquacultuur, Ph.D. thesis, State University of Ghent,
Ghent, Belgium, 1989.

Gatesoupe, J., Nutritional and antibacterial treatments of live food organisms: the influence on survival,
growth rate and weaning success of turbot (Scophthalmus maximus), Ann. Zootech., 31, 353, 1982.
Trivifto-Guerrero, A., unpublished data, 1987.

Wilkenfeld, J. S., Lawrence, A. L., and Kuban, F. D., Survival, metamorphosis and growth of penaeid
shrimp larvae reared on a variety of algal and animal foods, J. World Maricult. Soc., 15, 31, 1984.
Amat, F., Hontoria, F., and Navarro, J. C., International study on Artemia. XLIV. Preliminary nutritional
evaluation of different Artemia nauplii as food for marine fish and prawn larvae, in Artemia Research and
Its Applications, Vol. 3, Sorgeloos, P., Bengtson, D. A., Decleir, W., and Jaspers, E., Eds., Universa
Press, Wetteren, Belgium, 1987, 425.

Mill 0. M., Bombeo, R. F., J lon, N. A., and Simpson, K. L., Effects of various diets on
the nutritional value of Artemia sp. as food for the prawn Penaeus monodon, Mar. Biol., 98, 217, 1988.
Bombeo, R. F., Growth and survival of Penaeus monodon and Chanos chanos fry fed with Artemia singly
or in combination with an artificial diet, in Artemia Research and Its Applications, Vol. 3, Sorgeloos, P.,
Bengtson, D. A., Decleir, W., and Jaspers, E., Eds., Universa Press, Wetteren, Belgium, 1987, 465.
Yashiro, R., The effect of Artemia fed with different diets on the growth and survival of Penaeus monodon
Fabricius postlarvae, in Artemia Research and Its Applications, Sorgeloos, P., Bengtson, D. A., Decleir,
W., and Jaspers, E., Eds., Universa Press, Wetteren, Belgium, 1987, 447.

Rodriguez, A. M., Expériences de ponte et d’élevage de larves et de post-larves de crevettes Penaeus
kerathurus (Forskal, 1779), Emud. Rev. CGPM, 55, 49, 1976.

San Feliu, J. M., Munor, F., Amat, F., Ramos, J., Pena, J., and Sanz, A., Cultivo experimental de
larvas de crustaceos y peces en tanques, Inf. Tecn. Inst. Invest. Pesq., 36, 3, 1976.

Palmegiano, G. B. and Trotta, P., Artemia salina as pabulum for growing penaeids under laboratory
conditions, Aquacult. Eng., 2, 173, 1983,

Trotta, P., Villani, P., Palmegiano, G. B., Forneris, G., and Sarra, C., Laboratory-grown Artemia as
reference food for weaning fish fry and shrimp postlarvae, in Artemia Research and Its Applications, Vol.
3, Sorgeloos, P., Bengtson, D. A., Decleir, W., and Jaspers, E., Eds., Universa Press, Wetteren, Belgium,
1987, 459.

Flores Tom, A., Preliminary production results of Artemia to be used in local shrimp farming in La Paz
(Mexico), in Artemia Research and lIts Applications, Vol. 3, Sorgeloos, P., Bengtson, D. A., Decleir, W.,
and Jaspers, E., Eds., Universa Press, Wetteren, Belgium, 1987, 283.

White, D. B. and Stickney, R. R., A manual of flatfish rearing, Tech. Rept. 730-7, Georgia Marine
Science Center, Skidaway Island, 1973.

Dugan, C. C., Hagood, R. W., and Frakes, T. A., Development of spawning and mass larval rearing
techniques for brackish-freshwater shrimps of the genus Macrobrachium (Decapoda, Palaemonidae), Publ.
No. 12, Florida Marine Research Lab., Florida Dept. Nat. Res., St. Petersburg, 1975.

Hanson, J. A. and Geodwin, H. L., Shrimp Farming in the Western Hemisphere, Dowden, Hutchinson
and Ross, Stroudsburg, PA, 1977.




40

123.

124.

125.
126.
127.
128.

129.

130.

131.
132.

133.
134,
135.
136.

137.
138.

139.

140.

141,

142,
143.

144,
145.

146.

147.

148.

149.

150.

151.

285

Murai, T. and Andrews, J. W., Comparison of feeds for larval stages of the giant prawn (Macrobrachium
rosenbergii), in Proc. 9th Annual Meeting World Maricult. Soc., Avault, J. W_, Jr., Ed., Louisiana State
University, Baton Rouge, 1978, 189.

Corbin, J. S., Fujimoto, M. M., and Iwai, T., Jr., Feeding practices and nutritional considerations for
Macrobrachium rosenbergii culture in Hawaii, in Handbook of Mariculture, Vol. 1, McVey, J. P., Ed.,
CRC Press, Boca Raton, FL, 1983, 391.

Sick, L. V. and Beaty, H., Culture techniques and nutrition studies for larval stages of the giant prawn,
Macrobrachium rosenbergii, Tech. Rep. No. 74-5, Georgia Marine Science Center, Skidaway Island, 1974.
D’Abramo, L. R. and Sheen, S. S., Essential fatty acid requirements of juvenile freshwater prawn
Macrobrachium rosenbergii, in Book of Abstracts, Aquaculture ‘89, February 1989, Los Angeles, CA.
Devresse, B. and Rasowo, J., unpublished data, 1989.

Sorgeloos, P., Léger, P., and Lavens, P., Improved larval rearing of European and Asian sea bass, sea
bream, mahi-mahi, siganid and milkfish using enrichment diets for Brachionus and Artemia, World Aqua-
culture, 19, 78, 1988.

Franicevic, V., Lisac, D., Buble, J., Léger, P., and Sorgeloos, P., Etude internationale sur I’Arremia.
XLII. L'effet de la valeur nutritionelle de I’Artemia sur la croissance et la survie des larves du loup
(Dicentrarchus labrax L.) dans une écloserie commerciale, in Production in Marine Hatcheries, Loix, B.,
Ed., FAO-MEDRAP, Rovinj-Zadar, Yugoslavia, 1987, 139.

Lisac, D., Franicevic, V., Vejmelka, Z., Buble, J., Léger, P., and Sorgeloos, P., International Study
on Artemia. XLIH. The effect of live food fatty acid content on growth and survival of sea bream (Sparus
aurata) larvae, Paper presented at the conference Ichthyopathology in Aquaculture, October 1986, Inter-
University Center, Dubrovnik, Yugoslavia.

Stottrup, J., personal communication, 1989.

Dhert, P., Aquaculture Department of the Southeast Asian Fisheries Development Center, Manila, Phil-
ippines personal communications.

Sorgel6os, P., Artemia Newsletter, No. 8, Artemia Reference Center, State University of Ghent, Belgium,
1988.

Schmid, R., personal communication, 1989.

Nel, S., personal communication, 1989.

Holt, G. J., Studies of larval red drum (Sciaenops ocellatus feeding: diet development, in Book of Abstracts,
Aquaculture ‘89, Los Angeles, CA.

Holt, G. J., personal communication, 1989.

Hokanson, K. E. F. and Lien, G. J., Effects of diet on growth and survival of larval walleyes, Prog.
Fish-Cult., 48, 250, 1986.

Barrows, R., Diets and culture techniques for larval walleye and muskellunge, in Book of Abstracts,
Aquaculture ‘89, February, Los Angeles, CA.

Kraueter, J. N. and Woeods, C., III, Culture of striped bass and its hybrids: first feeding to six months,
in Hybrid Striped Bass Culture: Status and Perspective, Hodson, R., Smith, T., McVey, J., Harrell, R.,
and Davis, N., Eds., University of North Carolina Sea Grant, Chapel Hill, 1987, 23.

Webster, C., personal communication, 1988.

Friedman, B., personal communication, 1988.

American Society for Testing and Materials, Standard E1203: Standard practice for using brine shrimp
nauplii as food for test animals in aquatic toxicology, in Annual Book of Standards, Vol. 11.04, ASTM,
Philadelphia, PA, 1989, 796.

Sorgeloos, P., Availability of Reference Artemia cysts, Mar. Ecol. Prog. Ser., 3, 363, 1980.

Bengtson, D. A., Beck, A. D., and Simpson, K. L., Standardization of the nutrition of fish in aguatic
toxicological testing, in Nutrition and Feeding in Fish, Cowey, C. B., Mackie, A. M., and Bell, 1. G.,
Eds., Academic Press, London, 1985, 431.

Collins, G. and Bengtson, D. A., Characterization of Reference Artemia I for marine toxicological
studies, in preparation.

Van Ballaer, E., Amat, F., Hontoria, F., Léger, P., and Sorgeloos, P., Preliminary results on the
nutritional evaluation of (n-3)-HUFA-enriched Artemia nauplii for larvae of the sea bass, Dicentrarchus
labrax, Aquaculture, 49, 223, 19835.

Léger, P., Chamorro, R., and Sorgeloos, P., Improved hatchery production of postlarval Penaeus
vannamei through application of innovative feeding strategies with an algal substitute and enriched Artemia,
in Book of Abstracts, 18th Annual Meeting World Aquaculture Society, Guayaquil, Ecuador, 1987.
Bolla, S., unpublished data, 1989.

Cooper, E., Evaluation of Selco for improving the nutritional value of the shrimp Artemia salina, F: reshwater
Mar. Aquarium, 4, 121, 1988.

Lavens, P., Léger, P., Sorgel6os, P., Manipulation of the fatty acid profile in Artemia offspring using a
controlled production unit, in Aquaculture—a Biotechnology in Progress, De Pauw, N., Jaspers, E.,
Ackefors, H., and Wilkins, N., Eds., European Aquaculture Society, Bredene, Belgium, 1989, 731.






