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A number of experiments were conducted to assess the suitability of three food sources (Chlorella sp., rice
bran and Spirulina powder) on growth and survival of the fairy shrimp Branchinella thailandensis Sanoamuang, Saengphan
and Murugan at different ages and various concentrations. Each experiment, 20 individuals of 1-day old nauplii of the
fairy shrimp were reared in a circular plastic container containing 2 | of dechlorinated tap water with 3-4 replications. All
experiments were conducted in a static/renewal culture system with gentle aeration. The results showed that Chlorella
sp. and rice bran alone are suitable for feeding the fairy shrimp as a mono-diet. Optimal concentrations were 1x10° cells
Chlorella sp. mI™ and 1.6 mg rice bran dry weight individual™ at day 1-5 and 11-20, and 2x10° cells Chlorella sp. mI" and
2.4 mg rice bran dry weight individual" at day 6-10. The optimal food concentration of Spirulina powder was 0.8 mg dry
weight individual” at day 1-5. In general, the combination of Chlorella sp. at 50-70% of optimal concentrations with rice

bran or/and Spirulina powder and the combination of 3 food sources gave a higher survival rate than any other ratios.

Keywords : fairy shrimps, Branchinella thailandensis, Chlorella sp., Spirulina powder
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Introduction

Thailand is a tropical country, rich in inexpensive to
even free waste products and by-products from agro-
industry. Recently, three new species of fairy shrimps have
been recorded in Thailand, viz. Streptocephalus sirindhornae
Sanoamuang, Murugan, Weekers and Dumont, 2000;
Branchinella thailandensis Sanoamuang, Saengphan and
Murugan, 2002 and Streptocephalus siamensis Sanoamuang
and Saengphan, 2006 (Sanoamuang et al, 2000a; 2002;
Sanoamuang & Saengphan, 2006). According to Boonmak
et al. (2007), B. thailandensis is characterized by a high
individual biomass, a high fecundity producing >4,000 cysts
per female during a life span of ca. 1 month, and it is
easily cultured.

Fairy shrimps are non-selective filter feeders. Various
food sources, both live and inert, have been used
successfully for culturing fairy shrimps from nauplii to adults.
Best results have always been achieved with a diet of live
algae. However, for high-density mass culture of anostracans,
microalgae are relatively expensive and labor-intensive
(Lavens & Sorgeloos, 1991; Coutteau et al, 1992; Ali &
Brendonck, 1995). For large-scale cultures on a cost-
effective basis, an inexpensive algal substitute should be
developed. Other foods were then considered, e.g. rice
bran, a mixture of corn and pea bran, palm oil effluent,
yeast and Spirulina powder (Coutteau et al, 1992; Ali &
Brendonck, 1995; Maeda-Martinez et al, 1995; Ali & Dumont,
2002; Sriputhorn & Sanoamuang, 2007).

In Thailand, Chlorella sp. is widely cultured for feeding
Moina micrura Kurz, with low cost of fertilizers and waste
or by-product from agro-industries. In addition, recent
experiments showed that Chlorella sp. and rice bran were
suitable food for Branchinella thailandensis (Saengphan et
al, 2006). Alternatively, Spirulina powder was reported as
a suitable source for supplementing food of fairy shrimps
(De Walsche et al, 1991). In this study, a number of
experiments were conducted on a small scale to assess

the suitability of three food sources (Chlorella sp., rice

bran and Spirulina powder) on the growth and survival of

B. thailandensis at different ages at various concentrations.

Materials and Methods

Culture of Fairy Shrimps

Cysts of fairy shrimp B. thailandensis were obtained
from continuous laboratory cultures of the Applied
Taxonomic Research Center, Khon Kaen University, Thailand.
They were incubated in 3-I plastic containers with
dechlorinated tap water for 24-hr intervals. Nauplii were
initially fed when they were 12 hours old. Each experiment,
20 individuals of 1-day old nauplii of the fairy shrimp were
reared in a circular plastic container containing 2 | of
dechlorinated tap water with 3-4 replications. All experiments
were conducted in a static/renewal culture system. Gentle
aeration was provided through 0.5 mm diameter holes drilled
at 5 cm intervals in an air tube (4 mm diameter) placed on
a circular bottom of containers. The medium was renewed
20% on alternative days, except during the experiment on
water renewal. Food was supplied twice a day. Cultures of
Chlorella sp. were performed using the procedure of
Saengphan et al. (2005).

Data Analysis

After the fairy shrimps were reared until the dates
set according to the experiment design, body length of
each fairy shrimp was measured using a microscope fitted
with camera lucida calibrated against a stage micrometer.
Duncan’s New Multiple Range Test was used to compare

means of the treatments after the analysis found significance.

Experiment 1: Determination of Chlorella concentrations
on growth and survival of B. thailandensis at day 1-5.

Three algal concentrations of 2.5 x 10°, 5 x 10° and
1 x 10° cells mI"" were designed in quadruplicates to feed
the shrimp nauplii from day 1 to 5 twice a day. Survival

and body length were measured at day 5 of culture.
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Experiment 2: Determination of Chlorella concentrations
on growth and survival of B. thailandensis at day 6-15.

Nauplii at the age of 1-5 days were fed with Chlorella
sp. 1 x 10° cells mlI" twice a day. Shrimps then were
randomly chosen, moved to twelve containers and fed
with 3 food concentrations: 0.5 x 10°, 1 x 10° and 2 x 10°
cells ml” twice a day between day 6 and 15. Numbers and

body length were measured at day 10 and 15.

Experiment 3: Determination of rice bran concentrations
on growth and survival of B. thailandensis at day 1-5.

Rice bran was fed to shrimp nauplii twice a day at
day 1-5 with 3 food concentrations: 0.8, 1.6 and 2.4 mg
dry weight ind." d”. Experiments were run in quadruplicates.

Survival and length were measured at day 5 of culture.

Experiment 4: Determination of rice bran concentrations
on growth and survival of B. thailandensis at day 6-15.

Nauplii at first 1-5 days were fed with rice bran 0.8
mg dry weight ind.”" d” twice a day. Shrimps then were
randomized to twelve containers and fed with 3 food
concentrations: 0.8, 1.6 and 2.4 mg dry weight ind." d”,
between 6 and 15 days of culture. Experiments were run in
quadruplicate. Number and length were measured at day
10 and 15.

Experiment 5: Determination of Spirulina powder
concentrations on growth and survival of B.
thailandensis at day 1-5.

Spirulina powder was fed to nauplii twice a day at
day 1-5 with 4 food concentrations: 0.2, 0.4, 0.6 and 0.8
mg dry weight ind." d”. Experiments were run in triplicate.

Survival and length were measured at day 5 of culture.

Experiment 6: Determination of Spirulina powder
concentrations on growth and survival of B.
thailandensis at day 6-15.

Nauplii at first 1-5 days were fed with Spirulina
powder 0.8 mg dry weight ind.”" d” twice a day. Shrimps

then were randomized to twelve containers and fed with 3

food concentrations: 0.6, 0.8 and 1.6 mg dry weight ind.”
d’, twice a day between day 6 and 15 days of culture.
Experiments were run in quadruplicate. Number and length

were measured at day 10 and 15.

Experiment 7: Determination of the food ratio of mixed
feed: 2 food sources

Preliminary study on the optimal ratio of 3 food
types indicated that the animal growth was better in mixed
feed with a high ration of Chlorella sp. Therefore, the ratio
of Chlorella sp. should be at least 50% of their optimal
concentration. Experiment 7 was designed to use rice bran
(R) or Spirulina powder (S) mixed with Chlorella sp. (C) at

various ratios for feeding to fairy shrimp from day 1-15 as

followed:
Control (C =100)
C:R=285:15
C:R=70:30
C: R=50: 50
C: S =85 15
C: S=70: 30

The first 5 days, food concentrations used were at
1 x 10° cells ml”, 0.8 mg dry weight ind." d” and 0.6 mg
dry weight ind.”" d” of Chlorella sp., rice bran and Spirulina
powder, respectively. Then between day 6 and 15, food
concentrations used were at 1 x--0 10° cells mI™", 1.6 mg
dry weight ind." d”" and 0.8 mg dry weight ind." d” of
Chlorella sp., rice bran and Spirulina powder, respectively.
On day 5, 10 and 15, all animals were counted and two
shrimps of each replication were randomly chosen for
measuring growth (not returned to the containers).

Experiments were run in triplicates.

Experiment 8: Determination of the food ratio of mixed
feed: 3 food sources

Experiment 7 indicated that the animal growth was
better in mixed feed with the ration of Chlorella sp.
50-70%. Therefore the rations of rice bran and Spirulina
powder in mixed feed were further tested. The experimental

designs were as followed:
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C:R=44

C:R S=431

CRS=422

The experiments were run in quadruplicate. Food
concentrations and data collections followed in experiment

7.

Results

The survival and growth of B. thailandensis fed with
three Chlorella sp. densities at day 5, 10 and 15 were
shown in Table 1 and 2. The fairy shrimps at day 5 increased

both their survival and length from the preliminary study

(concentrations of 5 x 10°, 2.5 x 10*, 5 x 10* and 2.5 x 10°
cells mlI™). There were no significant differences (p>0.05)
on survival between these food concentrations. The body
length of shrimps fed at the highest food concentration,
however, was significantly (p<0.05) greater than those were
fed at the lower concentration (Table 1). The survival at
day 10 and 15 did not differ significantly (p>0.05) between
food densities tested. The animals fed at higher
concentrations were significantly (p<0.05) greater in length
than at the lower levels except that at day 15, there was
no significant difference between the animals fed at
1 x 10° and 2 x 10° cells ml™ (Table 2).

Table 1 Survival and growth (mean = SD) of 1-day old Branchinella thailandensis nauplii (20 individuals) fed with

different levels of Chlorella sp. at day 5.

Chlorella sp. (cells mlI™)

Survival (individuals)

Body Length (mm)

25x10° 19.0 £ 1.41° 13.81 + 0.23°
5x 10° 19.0 + 0.82° 14.72 £+ 0.42°
1 x 10° 18.0 + 1.41° 1711 £ 019°

Means, within a column, sharing a common superscript are not significantly different (p > 0.05).

Table 2 Survival and growth (mean £ SD) of 1-day old Branchinella thailandensis nauplii (20 individuals) fed with
different levels of Chlorella sp. at day 10 and 15.

Chlorella sp. Day 10 Day 15

(cells mI™) Survival (individuals) Body Length (mm) Survival (individuals) Body Length (mm)
5x 10° 195 + 0.58° 16.64 + 0.44° 16.25 + 1.26° 17.85 + 0.75°
1 x 10° 19.5 £ 0.58° 18.48 + 0.50° 17.25 + 0.96 19.35 £+ 0.62°
2 x 10° 19.0 + 1.41° 19.33 + 0.63° 16.25 + 1.26° 20.25 + 053°

Means, within a column, sharing a common superscript are not significantly different (p > 0.05).
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With reference to the rice bran experiments, the
survival of the shrimps fed with the highest food
concentration of 2.4 mg dry weight ind.” d” at day 5 was
significantly (p<0.05) lower than that of any other levels. In
contrast with the survival, the body length of the shrimps
fed with the 2.4 mg dry weight ind.” d”' was significantly
(p<0.05) greater than that of the other levels (Table 3).

There were no significant (p>0.05) differences between
food concentrations on the survival of the shrimps at day
10 and 15. The shrimps fed rice bran at the concentration
of 2.4 mg dry weight ind." d” were significantly (p<0.05)
larger than those fed at the lower levels at day 10, but did
not differ significantly (p>0.05) with the 1.6 mg dry weight
ind." d” concentration at day 15 (Table 4).

Table 3 Survival and growth (mean £ SD) of 1-day old Branchinella thailandensis nauplii (20 individuals) fed with

different levels of rice bran at day 5.

Rice bran (mg ind.” d™)

Survival (individuals)

Body Length (mm)

0.8 1525 + 1.71° 10.60 + 0.39°
16 15.00 £+ 0.82° 1157 + 0.73°
24 11.75 + 1.26° 12.72 + 0.80°

Means, within a column, sharing a common superscript are not significantly different (p > 0.05).

Table 4 Survival and growth (mean = SD) of 1-day old Branchinella thailandensis nauplii (20 individuals) fed with

different levels of rice bran at day 10 and 15.

Rice Bran Day 10 Day 15
(mg ind." d”) | syrvival (individuals) | Body Length (mm) | Survival (individuals) | Body Length (mm)
0.8 16.0 + 1.63° 11.93 + 061° 9.25 + 2.22° 13.36 + 0.09°
16 16.0 + 1.41° 1251 + 043° 10.50 + 1.00° 1523 + 0.99°
24 15.0 + 1.41° 1411 + 0.44° 9.00 + 1.63° 15.20 + 0.88°

At day 5, the shrimps fed with Spirulina powder at
the concentrations of 0.6 and 0.8 mg dry weight ind.” d”
at day 5 had significantly (p<0.05) higher survival than
those fed at the lower concentrations (Table 5). The animals

fed at the concentration of 0.2 mg dry weight ind.” d”

were significantly (p<0.05) smaller than those fed at the
higher concentrations. However, the body length at every
food level was low; between 4.60 and 5.54 mm (Table 5).
The shrimps fed with Spirulina powder at all levels died

before day 10.
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Table 5 Survival and growth (mean £ SD) of 1-day old Branchinella thailandensis nauplii (20 individuals) fed with

different levels of Spirulina powder at day 5.

Spirulina powder (mg ind.” d™)

Survival (individuals)

Body Length (mm)

0.2 333 + 1.53° 4.60 + 0.06°
04 6.00 £ 2.00° 5.48 £+ 0.29°
0.6 17.00 &+ 1.73° 5.54 + 0.05°
0.8 18.00 & 1.00° 5.39 + 0.42°

Means, within a column, sharing a common superscript are not significantly different (p > 0.05).

The survival and growth of the shrimps fed with
various ratios of three food sources at day 5, 10 and 15
are shown in Table 6. The suitability of Chlorella sp. rations

on growth and survival of the shrimps at day 15 were

between 50 and 70%. Most of the animals died before
measuring at day 15. Only the shrimps fed with Chlorella
sp. survived at day 15 at ~50% of the initial number with

the same size of animals at day 10 (Table 6).

Table 6 Survival and growth (mean = SD) of 1-day old Branchinella thailandensis nauplii (20 individuals) fed with

different ratios of mixed feed with Chlorella sp. at least 50% at day 5, 10 and 15 (C = Chlorella sp., R = rice

bran, S = Spirulina powder).

Food Ratio Day 5 Day 10 Day 15
(mg ind." d7) Survival Body Length Survival Body Length Survival Body Length
(ind.) (mm) (ind.) (mm) (ind.) (mm)

control 1475 £ 167 1643 £ 071 850 £238* 1891 £ 0.50° - -

CR=85:15 1625+ 206" 1581 £ 032 11.00+ 294 1819 % 0.99° - -

CR=70:30 1850+ 191 1600+ 053* 1650+ 1.73° 18.85 % 0.67° - -

C:R=50:50 1825+ 171" 1615+ 029" 1650 +1.73° 1880+ 0.18 1025+ 263 1875+ 035

C:S=8515 1625+ 156® 1675+ 039° 1050+ 129*° 1828 £ 0.23° - -

C:S = 70:30 1924 £ 050° 1661 +042° 1525+ 126° 18.03 + 0.75° - -

Means, within a column, sharing a common superscript are not significantly different (p > 0.05).

When fed the shrimps with various ratios of these
food sources, the survival at an equal ratio of rice bran
and Spirulina powder (C: R: S = 4: 2: 2) was better than
that at any other ratios except at day 5 where there was
no significant (p>0.05) difference between the ratio of C:
R: S = 4: 3: 1 (Table 7). At day 5, there was no significant
(p>0.05) difference in the body length of the shrimps among
the food ratios. While at day 10, the body length at the

ratio of C: R = 4: 4 was significantly (p<0.05) greater than
at the ratio of C: R: S = 4: 3: 1 but no significant difference
was noticed when compared with the ratio of C: R: S = 4:
2: 2. Most of the animals died before measuring at day 15.
Only the shrimps fed with rice bran and Spirulina powder
at an equal proportion survived at day 15 at ~30% of

initial number (Table 7).
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Table 7 Survival and growth (mean £ SD) of 1-day old Branchinella thailandensis nauplii (20 individuals) fed with

different ratios of rice bran and Spirulina powder in mixed feed at day 5, 10 and 15 (C = Chlorella sp., R = rice

bran, S = Spirulina powder).

Food Ratio Day 5 Day 10 Day 15
Survival Body Length Survival Body Length Survival Body Length
(ind.) (mm) (ind.) (mm) (ind.) (mm)
CRR =44 17.00 = 0.82° 1455+ 083 1075+ 1.71* 21.06 £ 053" 0 -
C:R:S =4:3:1 1925 + 096° 1438 £ 055 11.75 +£250*° 1951 £ 0.80° 0 -
C:R:S =4:22 1950 + 1.00° 1397 £052° 16.00 = 1.41° 2039 + 066 675 +250 2221 + 0.71

Means, within a column, sharing a common superscript are not significantly different (p > 0.05).

Discussion

The algal food concentrations affected the growth
of B. thailandensis, but did not affect the survival. The best
growth was obtained at the highest algal concentration
except for that at day 15 where the highest food level
(2 x 10° cells mI™) did not differ from the growth at 1 x 10°
cells mlI”". However, these three levels of Chlorella sp. in
the experiments seem to be adequate for the basic needs
of the animals; only those fed at lower food densities
showed slower growths. These concentrations were similar
to those reported by De Walsche et al. (1991) who used
Chlorella vulgaris at a concentration of 1 x 10° cells ml”
fed semi-continuously to Streptocephalus proboscideus.
They found that this diet was adequate for survival, growth
and maturation, but not for high cyst production. At day
11-15, B. thailandensis required a lower or the same food
concentration as at earlier days. Because their growth rate
of this period was lower, which is in agreement with the
findings of Hildrew (1985) and Mura et al. (2003) who
reported the highest growth rate of fairy shrimps evident
before sexual maturity.

The concentrations of rice bran affected both the
survival and growth of B. thailandensis. The highest food
concentration (2.4 mg dry weight ind.”" d”" mg dry weight
ind." d) was too high for the shrimps at 1-5 days of age,
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but suitable for those at day 6-10. The food level of 1.6 mg
dry weight ind." d” was found suitable for the shrimps at
day 1-5 and 11-15. The animals fed with rice bran were
normal in development, but they have pale bodies, lower
survival and growth than those fed with the algal food. The
reduced food requirement of the older animals confirms
the previous experiments.

According to the results of the Spirulina powder
experiment, to feed this powder as a mono-diet to the
shrimps was not suitable for their survival and growth. At
day 5, although the survival at the food concentration of
0.6 and 0.8 mg dry weight ind.” d” were as high as the
shrimps fed with algae, their growth was only a half of that
of the animals fed with rice bran. All of the animals died
before day 10, as was reported by De Walsche et al
(1991) who found that S. proboscideus fed with Spirulina
all died before the end of experiments. They also suggested
that the deaths might be due to the toxicants of this food.

The preliminary study on mixed feed using the rice
bran as a main source in the mixed feed showed that it
was not suitable for growth of B. thailandensis when
compared to the animals solely-fed with Chlorella sp.
However 50% of the rice bran and the algae produced the
best growth at day 5 and the second best growth at day
10 and 15. This is in contrast to the finding of Ali & Dumont
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(2002) who reported that S. proboscideus fed with rice
bran performed similar results to animals fed with algae, a
mixture of corn and pea bran (YM20) or palm oil mill
effluent (POME).

The optimal ratio of the algae for the survival and
growth of B. thailandensis in the mixed feed was at
50-70% of their optimal concentrations. A combination of
the three food sources resulted in a better survival than on
the two food sources (algae and rice bran). However the
results of each experiment were quite variable from time
to time, possibly they were caused by extraneous factors
e.g. the quantity control of food in the culture container,

cyst origin, and culture environment.

Conclusions

At 6-10 days of age, B. thailandensis required a
higher food quantity than those of at 1-5 and 11-15 days.
These quantities were 2 x 10° cells Chlorella sp. ml" and
2.4 mg rice bran dry weight ind.” d”. While at 1-5 and 6-
10 days, the optimal food concentrations were 1 x 10°
cells Chlorella sp. ml”, 1.6 mg rice bran dry weight ind.”
d” and 0.8 mg Spirulina powder dry weight ind." d” (1-5
day). The results indicated that Chlorella sp. and rice bran
alone are suitable for feeding the fairy shrimps as a mono-
diet.

The combination of Chlorella sp. at 50-70% of
optimal concentrations with rice bran or/and Spirulina
powder gave a higher survival than those any other ratios.
In addition, a combination of the three food-source diets
mostly showed a higher survival than those of the two

sources.
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