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INFLUENCE OF DIFFERENT DIETS ON LENGTH AND
BIOMASS PRODUCTION OF BRINE SHRIMP ARTEMIA
FRANCISCANA (KELLOG, 1906)*,
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Tetsuya Ogura Fujii and Patrick Lavens

ABSTRACT

Total length and biomass production of the brina shrimp Artemia franciscana ware studied
fed on soybean and wheat micropulverzed meals (appled alone or mixed at different proparions),
live microalgae (Tetraselmis suecica and Chaeltocsros calcitrans), and dried Spirufina as diets. Eight
diets were tested in triplicales during 10 days. Significant diferences (P < 0.05) were observed from
day 1 onwards. The mixed meal-based diets showad better production results. At day 1, the Ardemia
nauphi led on the 70% wheat meal/ 30% soya meal diel were 30% longer compared 1o tha animals
from the C. calcifrans group. At day 10, the organisms fed with tha 100%: soya meal diel were 68%
longer than thosa fed on tha C. calcitrans diat. The final blomass production (wet and dry welght) for
tha mixed meal diet groups was higher than that obtained for the algal treatments, although survival
rate was higher lor the C. calcifrans diet. A soya-wheal meal diel is recommended for brine shrimp
biomass production.
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RESUMEN

Influgncia de diferentes dietas en la longitud y la produccion en biomasa de la
Artemnia franciscana. Se evalud la longitud tatal y la praduccidn de biomasa de Artemia franciscana
aplicando harinas micropulverizadas de soya y thigo (como racidn Unica o mezcladas), microalgas
vivas (Tetraselmis suecica y Chaeloceros calcifrans) y Spiruling seca como dietas exparimentales.
8 dietas fueron examinadas por triplicado durante 10 dias. Se observaron diferencias significativas
(P = 0.05) entre los tratamientos desde el primer dia. Las dietas da harnas mezcladas mostraron
los mejores resultados en longitud. Al primer dia, las larvas de A, franciscana alimentadas con 70%
harina de trigo/30% harina de soya fuercn 30% mas grandes comparados con los animales del
grupo alimentados con C. caleitrans. Al dia 10, los organismos que recibieron una dieta con 100%
harina de soya, lueron 88% mas grandes que los del grupo de C. calefirans. La produccidn final de
biomasa (peso seco y humedo) para las dietas mezcladas fue mayor que la oblenida para los
grupos de microalgas (viva o seca), aungue la sobrevivancia mayor fue cbservada en el grupo de
C. calcitrans. Se recomionda el uso de |a harina de trigo mezclada con la harina de soya para la
preduccion da biomasa de A. franciscana.

FPALABRAS CLAVE: Aremia franciscana, harna de soya, hanna de trigo, microalgas, longitud,
produccidn de biomasa.



INTRODUCTION

It is well accepted that Arfemra is the most widespread live food
item used in the production of shrimp, prawn and fish larval stages. It
can be used in different forms in hatcheries and nurseries, e.g.
decapsulated cysts, nauplii, metanauplii, juvenile and adult stages, frozen
and freeze-dried Artemia biomass. Arterna biomass. is, nowadays more
frequently used for specific stages of aquaculture species as it enhances
production characteristics and overall stress resistance (e.g in penaeid
shrimp nurseries in China, and in Adantic halibut hatchery production),
and/or decreases cannibalism in dolphin fish and lobster larviculture
(Lavens and Sorgeloos, 1991). Recent work also report that adult boosted
Artemia is added to the shrimp brood stock maturation diet to induce
moulting and spawning of the marine white shnimp (Naessens et al.,
1995). Due to its particular biological characteristics Arfemia can be fed
on different diets, from live microalgac to microcapsules and waste
products from the food industry (Lavens and Sorgeloos, 1991). Coutteau
et al. (1990) found a better growth and survival of the brine shrimp fed
on enzymatically-treated yeast after removing the yeast cell wall making
it more digestible.

The use of waste products from the food industry (such as rice
bran, corn bran, soybean meal, lactoserum and others) is recommended
by Lavens and Sorgeloos (1991), because of its low cost and worldwide
availability. Thus, the goal of the present study is to evaluate the effect
of different dietary sources (agriculture by-products, dry and live
microalgae) on the length and Artemia biomass production.

MATERIALS AND METHODS

Artemia origin and culture conditions

Artemia cysts were obtained from a commercial label (GREAT
LAKE ARTEMIA™, Zions, “A™ degree, Salt Lake City, Utah, USA)
and hatched according the standard methodology proposed by Sorgeloos
et al. (1987). Brine shrimp nauplii were experimentally kept under the



following culture conditions: 25£2.52C water temperature, 33£1.3 ppt
salinity, 8.0£0.4 pH, > 5 mg L' dissolved oxygen, and 13L:11D
photoperiod. Twenty four 15 | plastic carboys were used as open system
individual culture containers (Figure 1). These were fitted with a central
filter and an acration ring at the bottom. Seawater was filtered through
sand and cartridge filters up to 5 am and sterilized with UV light before
entering to the culture system. Culture was subjected to a daily renewal
rate of 100% of the volume from day 1 to day 4. From day 5 onwards,
the total water volume was exchanged twice a day to keep good water
conditions. Initial Artemia density was adjusted at 2,500 nauplii per liter,

Figure 1. Individual experimental unit (1, air input; 2, 19.8 L inverted plastic carboy;
3, interchangeable filter; 4, acration ring; 5, screw couple for the fileer; 6, removing plug),

Diets and dietary concentrations

Live microalgae (Tetraselmis suecica and Chastoceros caliitrans) were
cultured using the f/2 culture medium (Guillard, 1975) and kept semi-
continuously (Ukeles, 1973) in 19.8 | glass carboys from which a partial
volume was daily extracted (at log phase) to feed the animals until the
end of the experiment. Spiralina dried powder (CYANOTECH
CORPORATION™, Hawaii, USA) was daily weighed and mixed in
seawater to get a concentrated solution according to the daily dietary
dosage. Both soya and wheat meals (based solely in the small thin bark)
were obtained from an agriculture farm, micropulverized and
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homogenized in seawater, and passed through a 50 um mesh size sieve
in order to ger the adequate dietary size particle for Artemia (Bengston et
al., 1991). Experimental diets were: 100% soya meal (100SM), 100%
wheat meal (100WM), 70% wheat meal/30% soya meal (TO0WM /30SM),
70% soya meal/30% wheat meal (T0SM /30WM), 50% wheat meal / 50%
soya meal (50WM/50SM), 100% T. suecica (Tetra), 100% C. calatrans
(Chaet) and 100% dried Spirudina sp. (Spir). Total daily dietary dosages
were distributed in three rations (at 9:00, 13:00 and 18:00 hrs everyday).
Table 1 shows the daily feeding regimes for each food item. The meals
and the Spir dictary concentrations were adjusted by using a secchi disk
for measuring the water turbidity (Bossuyt and Sorgeloos, 1980) no less
than 30-35 cm depth according to previous experimental observations
carried out in our lab, which also included gut content observations of
Artemia. For the live microalgae, the cell concentrations were adjusted
by applying the same turbidity criterion. In this case, the number of cells
required to reach the 30-35 cm water transparency is shown in table 1.

The different treatments were tested in triplicates. In the case of
the live microalgac, daily dosages at 13:00 and 18:00 hours were kept at
4°C in order to reduce their metabolism and keep them at the proper
concentration for feeding the animals at those times.

Table 1. Daily feeding regume for the brine shomp fed on different food ems,

e

— et R
100% WM* 252 * 50.4 '
100% SM* 25,2 504"

70% WM/B30%S5M 17.6/7.6 ' 35.28M15.12°

70% SM/30% WM 17.6/7.6 " 35.28M15.12°

50% WM/S09%5M 12.6/12.6" 25.2125.2°
100% Spirt 1.2* 24"
100% Tetra* 50-75 x 10° ¥ 100-150 x 10*!
100% Chae' 100-150 % 107 ¢ 200-300 x 10"t
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Evaluation

Daily, culture parameters and survival (expressed as the
porcentage of the final Arfemia density/ initial Artemia density; Cruz et
al., 1993) were obtained and ten animals were taken out from each
container (30 per treatment) and measured (from the naupliar eye to the
telson; Amat, 1980) using a BAUSH & LOMB® (USA) reflexion
microscope. Routine observations were also recorded every day (gut
content, motility, parasites, etc). The experiment was finished once the
Artemia sexual characteristics were observed, given mainly by the
transformation in claspers of the second pair of antenae in males
(Sorgeloos et al., 1986). At the end of the experiment (day 10), the total
wet biomass from each treatment was collected on a 250 um mesh size
sieve and the excess of water was removed by means of absorbent paper.
Afterwards, the samples were dried (48 hrs at 60°C) and the dry weight
was also registered. A one-way analysis of variance was applied to compare
the results. Significant differences in means among treatments were
determined using Tukey’s multiple range test.

RESULTS

Daily mean total length per treatment is shown in Table 2.
Significant differences (P < 0.05) were detected from day 1 onwards.
The diets in which meals were mixed displayed the biggest body length
after 24 hours in culture, being 998, 983 and 962 um for the 70WM/
308M, 70SM/30WM and 50SM/50WM groups respectively. For these
groups, length values at the end of the experiment (day 10) registered an
increase of around thirteen-fold regarding to the initial length value (493

Hm).



([7aa] 145 1E) wazagyp Apueagudis Jou aze 03] awes g A pamoqeg (wrl w passazdsa) sanpes wwmjos yaea ul,

WBPFORIT  SHEFIGLT SLLEFSTOC  JQTF0S61  (ESTFOROl  SERIFGOS1  S9ISTORL  CIRIFHETI TERG  A97569 L¥eh LAYHD
fLLEVFOLLY  WOLLFREZD  BLETITIV  oFRYTD99E  OPFFIAIE  JWREFOROT WLEEF9IOC  LEIFELLL  SFEISGOEI  WBFLSE LFEG Hids
ASEIFLIEE  #LOSIFGRIE  ~BPOIFOO0F ~I9LFEGLT  #ODSSSOIT  (SEEFE9ST]  SLISOLID  S£OIFLPON HRFIY  GLEFORD LTe6 YVHIAL
AEFIFRSEG SIGTER09  SLITISGLES  AOPLF66IF G609 C0SE  GBEPFESST  LPTFII61  DEIFSES] AIFERE 1017659 LTE6 NS00I
ALOIFI6T9  ASTIFINSS  »IEIIFELRY  AT9FTO0F  SOS9FRLT  wPESFELIT  #99E76991  J91FL9TI «FRT9L6  JOBFRIY LTL6 WAO01

fLTETFEYY  WEG6FLPI9  JIGRFIEID  LNDOIFREIS  GSRRPFEWLY  GLROFEWGE  SLOEFEILT  LNEFI66] AL91FESF] SDOIFTEY L7E6 NSOEMOS

SI971FF  FLOITLCRE GRTRSEPEE  OT9FG91C  RIRFICHY  WLDOFESHE  S1PTD0ST  GFRIFALE] SLHFTIEl  ARTERG Lith WMRNSOL

JLGRERPLY  SDIGFLO09 ASRFICD9  STIRFORIS  SP99FTRSE  GGOLFICRE  GSOTF09LT  HOTFO961  GELIFO6K] SEDIFEGH  LFE6 WSOEMOL

SLHa
ol [ 8 L 9 s ¥ £ i I 0

(s4ep) awm aamyny)

(Pl PP o, DOT = 1S rumigmpe: sasopmg=y 3] v, 001 = LHVHD S supeeyga] 240 % 001
= VHLALL ‘eaw ei0g = WSO Teaw 183y A\ = AN | H[E1t w408 8 )6 + [EIUF JEIYM 040G = INSOS/INANDS TEaM 184M 0f, OF + [eauus e4os of (L =
JAANDE /INSOL ‘et e50S 0 O + [0 1834 04, (L = WSOE/INANDL) " SI91P U213431p o pay eumsreunywrasgsp jo (wr) yiilua) mon Sjrep ueagy 7 yqe,

12



On the other hand, the Chaet treatment gathered the lowest length
at day 10 (2,186 lm), meanwhile the animals belonging to the Tetra and
Spir diets showed an increase of aproximately ten times bigger (4,867
and 4,770 im resp.) in relation to the initial value. The largest animals
were observed when wheat and soya meals (at any concentration) were
included in the diet.

For the final mean survival (Table 3), the 100SM and 100WM
groups registered the lowest values (14.7 and 30.8 % resp.), but their
final total wet weight was higher than those obtained when feeding live
algae. The mixed meal diets showed the highest wet and dry biomass
productions. In this case, animals from the 70SM/30WM group shown
the highest values (149.9 and 15.99 gr for the wet and dry weight resp.).
Although the Chaet group obtained the highest survival value (67.4 %),
its final wet biomass reached only 12.24 gr

Table 3. Final mean survival (% of final density/initial density) and biomass (wet and dey) of
Artemia franciscana fed on different diets. 51n each line, values followed by the same letter are not
significantly different (at 5% level).

(™) 100WM  1005M TOWMY TOSMY S0WMY TETRA CHAET SPIR
305M J0WM S05M

Survival 30.80¢8 14.90¢  50061%  404% 440d= 49.80¢F 67.40° 4729
(%)

Final wet 67.76" g2 [48.8* 1949 1713 2938 1224 62400
biomass (gr)

Final dry 527 isr 1247 1599 15.3% 0.8 028 417"
biomass (gr)

(*) WM = Wheat meal
SM = Soya meal
TOWM S 305M = 70 % wheat meal + 30 % sova meal
TOSM,/ 30WM = 70 % soyva meal + 30 % wheat meal
500N/ 505M = 508% wheat meal + 50 % sova meal
TETRA = 100 % live Tetraredmis rueccs
CHAET = 100 % live Chaetoceres calitrans
SPIR = 100 % dried Spirulina
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DISCUSSION

Both microparticles and microcapsules diets are worldwide used
_ as food for shrimp and prawn larvae (Koshio et al,, 1989; Jones et al,,
1993; Person Le Ruyet et al., 1993), or for bivalve juveniles (Coutteau
and Sorgeloos, 1992). In the case of the brine shrimp, its biological
characteristics (continuous, non-selectuve and particle-feeding organism,
Lavens and Sorgeloos, 1991) allow the application of inert diets such as
agriculture by-products like soya meal, wheat meal corn meal and others.

The present study showed that the meal diets had a better
perfomance on the Arfemsa growth. Animals fed on meals grew more
than 6 mm in 10 days, whereas the algae food based diets (live and dried
microalgae) did not exceed 5 mm in the same period. Similar results
were observed by Vanhaecke and Sorgeloos (1980; 1989) for different
Artemia strains cultured under standard laboratory conditions fed on rice
bran meal for a period of 7 days. For variuos brine shrimp strains, they
observed that the rice bran meal group registered the highest Arfemia
length values compared with a diet based on the microalga Dwnalielia.
Another remarkable observation in our experiment was the fact that the
brine shnmp sexual charactenstcs were observed in the amimals belonging
to the meal diets from day 7 onwards. Only a small amount of adult
animals from the total Arfemia population fed on the Tetra and Spir
diets, was observed just until the end of the experiment.

For the 100SM and 100WM groups, survival values were the
lowest maybe due to the inadequate biochemical composition of the
individual diets (Brisset et al., 1982). Iwata (1981) reported a protein
content lower than 13% for the wheat and soya bark, which could be
reflected as a nutritional deficiency. Lavens and Sorgeloos (1991)
recommended the use of a mixture of 2 ingredients to get optimal results
for applicaton in intensive Arfemia production.

It seems the air supply in the experimental units was not well
designed to keep the meal microparticles in suspension when the feeding
dosages were doubled (day 4). Sorgeloos (1973) suggested that when
culturing Arfemia at high densities, the aereation system must be able to
properly suspend the feeding particles in the water column to avoid high
mortalities, situation which was observed in this experiment mainly in
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the both 1005M and 100%WM diets in which a lot of pardcles were attached
to the culture container surface, deterioring consequently the water quality.
Despite the Chae group displayed the highest mean survival value, the
length size for the animals belonging to this treatment was around three-
fold lower than the meal diet groups, a fact that was reflected in a poor
biomass production (wet and dry weight) for that algal group. It suggests
that different feeding rates were applied -depending on the experimental
diets- despite of the transparency parameter that Bossuyt and Sorgeloos
(1980) recommend for Artemia intensive production. Itis also important
to consider the energy content of each diet, since due to the transparency
criteria used for adjusting the daily feeding ratio, the amount of food
particles for all diets (meals and microalgae) could vary affecting the
energy availability for growth and survival. There was not a positive
correlation between the survival values and the both wet and dry weights
for all the treatments since the different diets used produced a notable
size diversity in the animals, which was also observed by Garcia-Ulloa
and Gamboa (1997) using different algal diets fed to the rotifer Brachionus
phicatzlis and by Yifera et al. (1993) on the same rotifer fed on two different
microalgae.

The obtained results in this experiment suggest the use of meal
diets to produce higher Artemia biomass than those that could be
produced with algal diets under standard culture conditons, and the
consequent reduction on the labor-cost for producing microalgae. Besides,
we recommend to estimate the daily food requirement to adjust the exact
feeding dosage the Artemia needs for their different life stages. Since
Lavens and Sorgeloos (1991) reported that the biochemical composition
of Artemia fed on agricultural meals is poor in essential components
(e.g fatty acids), the enrichment technique described by Léger et al,,
(1987) provides a good possibility to improve its biochemical composition
just before feeding to the predator organisms.
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