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Artemia franciscana was fed for seven days with 11.7, 23.4 and 46.8 mg l-1. d-1 (ash-free dry weight) of
Nannochloropsis oculata and Chlorella capsulata, to evaluate the food value of these two microalgae.
Survival was similar, close to or greater than 90% in all cases, but there were significant differences in
growth beginning on the third day. The final ash-free dry weight of A. franciscana fed with N. oculata was
seven times greater than with C. capsulata and the respective developmental stages were between
instar 14 and 16 and from 8 to 9. Food ingestion was similar with the two diets, but the mean gross
growth efficiencies were 80% with N. oculata and 7% with C. capsulata, indicating a poor assimilation
of C. capsulata. Therefore, C. capsulata cannot be considered as a suitable diet for A. franciscana,
because the amount of energy obtained is not sufficient to sustain normal growth.

INTRODUCTION
There are several indirect methods for the evaluation of
phytoplankton food quality for filter feeders, such as its
caloric content and gross and fine chemical composition
(Brown et al., 1997). However, at times these are
misleading, because of the different nutritional
requirements of each species, which in addition may vary
with age and stage of development. For this reason, the
food value of microalgae should be evaluated through
their effect on growth and survival of the selected target
organism (Yú fera and Lubiá n, 1990).
The brine shrimp Artemia is probably the most popular
live diet in aquaculture. It is a continuous filter feeder
which selects suspended particles only on the basis of
size (Gelabert and De la Cruz,1990), although its
feeding behavior may be affected by several factors that
influence its filtration, ingestion, or assimilation rates.
The range of optimum particle concentrations for
maximum ingestion is relatively wide, and is specific
for each culture condition. In addition it varies with age,
because the feeding efficiency increases with the number
of functional thoracopods (Lavens and Sorgeloos, 1991).

The quality of microalgae diets for Artemia has been
the object of several studies (Sick, 1976; Johnson, 1980;
Fá bregas et al., 1996, 1998) with different results,
depending on the species of microalgae, on their culture
conditions, and possibly on the species of Artemia used
for the feeding experiments.
Microalgae are considered good sources of highlyunsaturated fatty acids, especially of 20:5ω-3. Among
these, Nannochloropsis oculata is considered one of the
best diets for brine shrimp culture (Naegel, 1999; De
Micco and Hubbard, 2001). In contrast, chlorophytes are
rich in C16 and C18 fatty acids (Brown et al., 1997;
Dunstan et al.,1992), and in particular Chlorella has also
a high content of carotenoids and ascorbic acid
(Czygan,1968; Merchie et al., 1995), which might be of
importance for growth and especially for long-term
enhancement of the food quality of Artemia. The food
value of some Chlorella species has been evaluated with
Artemia salina (Sick, 1976, Yunzhen et al., 1998) but
not with the commercially important A. franciscana.
The aim of this study was to evaluate the food value of the
m a r i n e c h l o r o p hy t e C h l o r e l l a c a p s u l a t a a n d
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Nannochloropsis oculata, comparing the growth and
development of Artemia franciscana during the first
seven days after hatching.

MATERIALS AND METHODS
The algae Nannochloropsis oculata and Chlorella
capsulata, were taken Ecological Institute of Persian Gulf
and kept in quadruplicate, semi- continuous cultures in
f/2 medium (Guillard,1972), with daily replacements of
50 and 37% of the volume of each culture with fresh
medium. The cultures were used when cell
concentrations remained stable for at least five days
before the feeding experiments. Culture conditions for
the two algae were 36‰ salinity, 22 ± 1˚C (N. oculata)
and 27 ± 1˚C (C. capsulata), and pH was maintained at 8.0
± 0.5 by continuous addition of CO2 to the compressed air
used for stirring.
The ash-free dry weight (AFDW) and gross chemical
composition of both algae were determined in triplicate
samples obtained on three alternate days from each
culture, using the analytical methods described in LoraVilchis and Doktor (2001). The results were used to
calculate their energy content employing the caloric
equivalents of Gnaiger (1983).
The feeding experiment lasted seven days and was run in
triplicate 18-l aquaria for each diet, using commercial
cysts of Artemia franciscana (INVE Aquaculture, Belgium,
Argentemia Bp 1207 N) hatched as in Van Stappen
(1996). Seawater was continuously aerated and kept at
36‰ salinity, 28˚C, and in semidarkness. The initial
-1
nauplii density ranged between 1.7 to 2.0 org. ml .
Feeding started 24 hours after hatching and algae were
6
-1
supplied in daily rations of 0.3, 0.6 and 1.2 ×10 cells.ml
6
-1
of N. oculata and 0.75, 1.5 and 3.0 ×10 cells. ml of C.
capsulata. In either case the AFDW of these rations was
-1
-1
11.7, 23.4, and 46.8 mg l . d , which are equivalent to
-1
-1
42.5, 85 y 170% of the 27.5 mg l . d , which was found
adequate for A. franciscana optimum growth (Evjemo
and Olsen, 1999). In all cases the ration was divided in
two parts, the first supplied in the morning after total
water exchange and the second approximately 10 hours
later.
Daily observations showed differences between diets, in
length as well as in instar stage, after the second day. For
this reason, samples of 20 organisms were obtained on
day 3 from each culture and fixed, as described in Correa
Sandoval and Bü ckle Ramıŕez (1993), to determine
their mean length and developmental stage according to
the instar scale of Schrehardt (1987). The total AFDW of
these organisms, determined with a microbalance
following Sorokin (1973), was used to obtain the average
individual weight in each culture. Similar samples, taken

at the end of the experiment, were used to compare the
effect of the two diets and of the different rations.
The ingestion rate was calculated as in Albentosa et al.
(1997) from the data obtained in six separate incubation
-1
chambers for each diet, with 1-2 organisms. ml
depending on the developmental stage. For each ration,
two controls without organisms were used to correct the
ingestion values due to possible changes in algal density.
Cell concentrations were determined with a Neubauer
chamber at the beginning of each experiment and after
between 3 and 12 h, depending on the age and size of the
organisms.
The mean gross growth efficiency (K1) for each ration of
the diets was evaluated from the data of total ingestion
calculated with the results of the short-term daily
evaluations of clearance rates. The mean developmental
stage was determined on days 3 and 7 using the index
suggested by Villegas and Kanazawa (1979) for shrimp
larvae:
D.I. = ∑A/N
where A is the instar stage of each organism and N is the
number of organisms in the sample.
Because the data were not normal, the gross biochemical
composition of algae in percent of microalgal AFDW was
compared with a Mann- Whitney test for each
biochemical component. Mean survival, mean lengths,
and mean D.I. and individual AFDW were compared for
days 3 and 7 to determine the effectiveness of each diet
and ration, using two-way ANOVA and Tukey's multiple
comparison tests with α=0.05, after log transformation
when the data were not normal or homoscedastic (Zar,
1999).

RESULTS
The higher individual AFDW of N. oculata and the higher
carbohydrate content of C. capsulata were the only
significant (P < 0.05) differences between the two
microalgae (Table 1). At the end of the experiment, mean
A. franciscana survival ranged from 89 to 100% for N.
oculata and C. capsulata (Table 2), without any difference
between diets and rations (P > 0.05). However, there
were several diet and ration-related differences in
growth and rate of development.
Statistical comparisons confirmed that, by the third
day, there were no significant differences (P >0.05) in
length, development, and AFDW of A. franciscana fed the
three rations of C. capsulata. In all cases, the organisms
fed N. oculata were significantly larger and heavier, with
no effect of the ration on total length or developmental
index, although those receiving the intermediate food
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concentration had a significantly higher organic body
weight than those fed the other rations (P <0.05 in all
cases).
At the end of the experiment, diets and rations had
significant effects. A. franciscana grew better with the
two higher rations of N. oculata without significant
differences in length and AFDW between the intermediate and the highest (P >0.05). In all cases, the
lowest values were with the daily dose of 11.7 mg.l-1 of C.
capsulata (P < 0.01).

The developmental index was higher (P < 0.05) and
related to ration with N. oculata, with which A.
franciscana reached post-larval stages by the end of the
experimental period, whereas the organisms fed C.
capsulata only reached post-metanauplius stages,
without significant differences due to the amount of food
supplied (Table 2).
The mean total ingestion was similar for the same ration
levels of both diets; however, the weight gain calculated
from the mean final values corrected for the initial AFDW

Table 1. Mean values ± standard error of size, AFDW and proximate composition (in % of AFDW) of Nannochloropsis
oculata and Chlorella capsulata. The diﬀerences (Mann-Whitney test) are marked by diﬀerent letters (n = 12 in all cases)

Values within the same Column with diﬀerent superscripts are signi icantly diﬀerent (P<0.05).

Table 2. Mean values and standard error of survival, length, developmental index (DI), and AFDW, of Artemia
franciscana after 3 and 7 days of culture with three rations of C. capsulata and N. oculata. Equal or common letters
indicate lack of signi icant diﬀerences (two-way ANOVA and Tukey multiple comparison test. α = 0.05)

Mean values of three replicates for each ration. n=3 for weights and 60 for length and DI.
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Table 3. Total food supplied, mean values and standard error of total ingestion and of in increase in AFDW, food
conversion index and gross growth ef iciency (K1) of A. franciscana after seven days of culture with the three rations of C.
capsulata and N. oculata. Equal or common letters indicate lack of signi icant diﬀerences (two-way ANOVA and Tukey
multiple comparison test. α=0.05)

Mean values of six daily replicates for total ingestion and of three for AFDW increase.
Values within the same Column with diﬀerent superscripts are signi icantly diﬀerent (P<0.05).

of the nauplii (2.5 µg.ind-1) was, in all cases, significantly
higher with N. oculata, with food conversion indices and
mean gross growth efficiencies one order of magnitude
better than those calculated for C. capsulata (Table 3).

DISCUSSION
The three ration levels were chosen under the
assumption that eventual differences in food value of the
two diets would have been more evident under different
degrees of food availability, from highly or slightly
limiting to higher than that required for optimum growth,
with differences in mean survival and in rates of
development and body growth.
Whereas the energy obtained by A. franciscana from the
three rations of both algal diets was enough to sustain its
standard metabolism, as indicated by the high and
equal survival, the excess directed to somatic growth
and development was different, as shown by our results
which indicate deficiencies in the food value of Chlorella,
starting on the third day.
On this date, in addition, the higher AFDW of the
specimens fed the second ration level of N. oculata
indicates lower assimilation efficiency with the highest
ration, probably due to excessive food availability for this
developmental stage. On the other hand, the final values
show a significant effect of the amount of food supplied,
with progressively better growth and development with
the increase of the ration levels.
In view of the similar amounts of food ingested, the only
possible explanations for the different effects of these
diets are lower absorption efficiency or a toxic effect of C.
capsulata. Sotolongo (1988) found that 1.14×106
-1
cells.ml of Chlorella sp. was an adequate ration for
biomass production of Artemia, but there are reports of
low assimilation rates and low digestibility of Chlorella

sp. and Chlorella conductrix by Artemia salina (Sick, 1976;
Yunzhen et al., 1998) and a toxic effect of Chlorella were
suggested by Ryther (1954).
In this case, the toxic effect is improbable, because the
different ration levels had similar effects on survival. In
view of this and of the similar gross composition and
energy content of both algae, the poor growth of A.
franciscana fed C. capsulata may be explained only by the
low absorption of this diet, probably because of the thick
cell wall of Chlorella. As a consequence of its poor
absorption, this microalga cannot be considered as a
suitable diet for A. franciscana, because the amount of
energy obtained is not sufficient to sustain normal
growth. For the same reason, it is highly unlikely that its
use would enhance the food quality of brine shrimps.
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