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Abstract

An experiment was conducted for 28 days to evaluate the productive
response of the Pacific white shrimp (Litopenaeus vannamei) postlarvae,
intensively nursed in autotrophic or heterotrophic microcosm-based
treatments, without Artemia and zero water exchange. The autotrophic
system was based on the promotion of microalgae as the main primary
producers. The heterotrophic system was based on the promotion of bacteria
as the main primary producers. The control was fed a conventional diet.
Bioflocs and biofilms were used to promote biota in the autotrophic and
heterotrophic systems. There were no differences in temperature, salinity, or
DO among treatments. The chlorophyll a concentration and microalgae
density were much greater in the control and autotrophic system than in the
heterotrophic. The concentration of heterotrophic bacteria was significantly
higher in the heterotrophic than in the autotrophic system and control.
Individual weight gain was higher in the control (81+2 mg) and heterotrophic
(77£8 mg) treatments than in the autotrophic (58+10 mg) but survival was
better in the autotrophic (86%) than control (77%) and heterotrophic (76%)
treatments. Final biomass was statistically similar in all treatments, as well as
the feed conversion ratio which ranged from 0.65 (heterotrophic) to 0.69
(autotrophic). The increased natural productivity caused a positive productive
response in the shrimp postlarvae. Such strategies can be an adequate
alternative when Artemia is unavailable.

* Corresponding author. Tel.: +52-662-2592169, e-mail: Imtz@guaymas.uson.mx



http://www.siamb.org.il/

2 Becerra-Dérame et al.

Introduction

Shrimp aquaculture in Latin America and Asia followed an explosive development during
the last decades. However, it is still an expensive activity due to the high investment
needed in construction, supplies, labor, and machinery in the different phases of activity.
Postlarvae supply is one of the biggest expenses, being around 10% of the total
operative costs. The challenge of worldwide hatcheries is to offer shrimp farmers the
quantity and quality of postlarvae they need and to have a sustainable activity. In that
sense, scientific research focuses on obtaining high survival and quality of postlarvae at
the lowest possible cost and with the lowest environmental impact.

One of the most important concerns is the feed and feeding of organisms. During the
end of the hatchery stage and the beginning of the nursery, shrimp are fed live feed,
mostly Artemia nauplii. However, this live feed is expensive and its quality is not always
adequate. Attempts have been made to substitute Artemia by less expensive feed
sources with similar nutritional value. Microalgae and microorganisms can be used as
natural feeds in aquaculture. For instance, diatoms play an important role in shrimp
larval and postlarval development (Muller-Feuga, 2005) and shrimp feeding and nutrition
can be improved by greater inclusion of biota (including microorganisms) in shrimp ponds
(Avnimelech, 1999). Heterotrophic organisms in bioflocs that use ammonium nitrogen
produced within the system by the excretion of farmed and associated organisms
contribute to the improvement of water quality (Avnimelech, 1999). Microbial biomass
attached to detritus, bioflocs, or biofilms may have adequate nutritional composition
(Quadros-Seiffert and Martinez-Cordova, 2006; Kuhn et al., 2010) and play an important
role in shrimp nutrition at different stages of development (Ballester et al., 2010).

Some microorganisms attached to biofilms and/or bioflocs, particularly autotrophic
and heterotrophic bacteria, not only contribute to the improvement of water quality in
intensive systems (Thompson et al., 2000; Ebeling et al., 2006; Samocha et al., 2007),
but also can support an important proportion of the growth of shrimp (Avnimelech, 1999;
Ballester et al., 2003; Burford et al., 2004a; Wasielesky et al, 2006). In Brazil,
microorganisms attached to biofilms or bioflocs have been successfully used in shrimp
ponds or enclosures, achieving better production than on traditional farms while
maintaining adequate water quality in the culture system as well as in the effluents
(Ballester et al., 2007).

The aim of the present study was to evaluate autotrophic and heterotrophic
microcosm-based systems on the productive response of the Pacific white shrimp,
Litopenaeus vannamei, intensively nursed without Artemia and with zero water
exchange.

Materials and Methods

The study was conducted over 28 days at the Centro de Investigaciones Bioldgicas del
Noroeste (CIBNOR) in Guaymas, Sonora, Mexico. A single factor and haphazardly
experimental design with three replicates per treatment was performed. Two treatments
and a control were evaluated: an autotrophic treatment based on the promotion of
microalgae as the main primary producers by the use of nitrogen and phosphorous
fertilizer and substrates; a heterotrophic treatment based on the promotion of bacteria as
the main primary producers by the use of carbon sources and substrates; and the
control, a traditional system in which microalgae or bacteria were not promoted by the
use of carbon sources or substrates. Nine plastic tanks (120 | operative volume) were
used as experimental units (microcosms). Six were placed on a metal structure in which
the three units corresponding to the autotrophic treatment and the three corresponding
to the control were covered with a plastic mesh to allow moderate exposure to sun light.
The three remaining units corresponding to the heterotrophic system were covered with
the same plastic mesh, but placed beneath the metal structure, i.e., in its shadow, to
prevent direct sunlight and proliferation of microalgae.

The tanks were filled with filtered marine water and fertilized 15 days before stocking.
The autotrophic and heterotrophic tanks were provided with a substrate for the
attachment of microalgae and microorganisms, respectively. The substrates consisted of



Effect of zero water exchange systems on Litopenaeus vannamei 3

a plastic mesh (0.5 m?) vertically suspended from a PVC tube. The heterotrophic units
were supplied 25 g wheat bran once a week as a substrate for the formation of bioflocs
and 100 g molasses at the beginning and during the trial to maintain a C:N ratio around
20:1 (Ballester et al., 2007, 2010). The autotrophic and control tanks received an
agricultural fertilizer (urea + ammonium phosphate) at the beginning and during the trial
to maintain an N:P ratio around 10:1 and a C:N ratio around 4:1. Water was not
exchanged during the trial for any of the treatments, however, water lost by evaporation
was replaced weekly by fresh water (previously aerated and dechlorinated).

Each unit was stocked with 900 postlarvae of 1-day-old white shrimp (PL;) at a
density corresponding to 7500 organisms/m?. Constant aeration was supplied by a 2-hp
blower, through 1/8-plastic tubing and air stones. From the fifth day to the end of the
trial, postlarvae were fed a formulated feed (Camaronina 40% crude protein, Purina,
Mexico) at a rate of 8% of the total biomass.

Temperature, salinity, pH, dissolved oxygen, total ammonia nitrogen (TAN), and
chlorophyll a were recorded daily with of a multi-parameter sensor YSI 6600 (Yellow
Springs, OH). The microalgae and bacteria concentrations were calculated once a week
by methods described by Ballester et al. (2010). The biological composition of the biofilm
was examined on the last day by scraping a surface of 10 cm? of the artificial substrates
of each unit as per Burford et al. (2004b).

Once a week, 30 postlarvae were haphazardly sampled from each unit and weighed in
a digital balance (Sartorius®). Survival was estimated considering a mortality rate of
around 1% per week according to the criterion of commercial laboratories. Biomass was
calculated by the measured weight and estimated survival. The feeding rate was
determined as 8% of the estimated biomass, supplied twice a day. Survival and biomass
were calculated at the end of the trial. The feed conversion ratio (FCR) was calculated as
the total dry weight of feed supplied/final wet shrimp biomass. The specific growth rate
(SGR) was calculated as 100(Infina wt = INinitiat we)/T1 = T2).

A parametric one-way ANOVA was used to analyze production parameters, after
confirming normality and homocedasticity. Tukey test was performed to compare and
rank means from the two treatments and the control. Water quality parameters were
analyzed by performing repeated measures ANOVA. A significance level of a = 0.05 was
considered.

Results

Mean temperature varied 29.8-31°C, being slightly lower in the heterotrophic treatment
but not significantly different from the autotrophic or control treatments (Table 1). Mean

dissolved oxygen levels were
high and did not differ between
treatments. Likewise, there were
no differences in total ammonia
nitrogen (NH3*NH,4). There was a

Table 1. Water quality, free living microalgae, growth,
and food conversion ratio during nursing of Litopenaeus
vannamei in autotrophic, heterotrophic, and control
systems.

. . System
large dlffe!‘ence in chlorophyll a Control Autotrophic  Heterotrophic
concentration between the water quality
heterotrophic treatment and the Temperature (°C) 31.0+1.3 31.1+1.6 29.8+1.2
others, similar to the microalgae ggi?ity/(lgpt) 37-61ﬂ-3331b 376.38:‘:::3;07&] 355-89ii()2-6;
. . - mg . . . . . .
concentration. Bacteria in the 0o o (mg/m?) 407.24179.1° 527.5£155.6°  17.948.1°
water were S|gn|ﬁcantly more pH 8.0-8.3° 7.9-8.2° 7.6-7.8°
abundant in the heterotrophic Microalgae communities (cells/ml)
treatment (1.8 x 10° cells/ml) Cyanobacteria (x 10°)  3.22+0.18%  3.34£0.19°  0.02+0.004°
than in the autotrophic and Diatoms (x 10%) 10.3+1.3° 11.3+1.1° -
trol treatments (<1 x 103 Zrowth
control treatments ( " Initial wt (mg) 1542 15+1 16£2
cells/ml). The main taxonomic Final wt (mg) 96+6° 72411P 93+6°
groups attached to the artificial Wt gain (mg) 81+2° 58+10° 77482
4 5 . .~ SGR (%/day) 6.79+0.58%  5.59+1.04 6.22+0.64
(2.1 x 10 /cm.) and diatoms in Survival (%) 272 86" 76°
the autotrophic system, and Fpcr 0.67+0.09  0.69+0.06  0.65+0.05
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heterotrophic bacteria and filamentous
cyanobacteria in the heterotrophic system
(2.5 x 10°/cm?).

Growth was more accelerated in the
control and heterotrophic treatments than in
the autotrophic treatment (Fig 1). By the end
of the culture, the weight gain was

= & = Control

Individual weight (g)

—— AT
statistically similar in the control and 20 - e HT
heterotrophic treatments, and 42% and 34% 0
respectively higher than in the autotrophic '
treatment. Despite the higher weight gains in v ! 2 3
these treatments, there were no significant Time (Weeks)
differences in biomass between treatments Fig. 1. Growth of Litopenaeus vannamei

because of the better survival in the postlarvae in the autotrophic (A-T),
autotrophic treatment. The feed conversion heterotrophic (H-T), and control systems.
ratio was similar in all treatments.

Discussion
The structural and management differences of the evaluated treatments, such as light
exposure, presence or absence of substrates (mesh and wheat bran), and fertilization,
affected salinity, pH, chlorophyll a concentration, microalgae, and bacteria density.
Despite differences in the salinity levels due to different rates of evaporation above and
below the metal structure, all values were within the ranges found in commercial farms
and hatcheries.

The enormous differences in chlorophyll a concentration and microalgae density in the
control and autotrophic systems, compared to the heterotrophic, were expected since, in
the first two, phytoplankton was promoted by adequate inorganic fertilization and
exposure to sunlight, while in the heterotrophic system, inorganic fertilizer was not used
and the exposure to sunlight was limited. The chlorophyll a level and microalgae density
in the autotrophic system and control were much greater than those reported for shrimp
nursery, pre-grown, and grow-out systems (Ballester et al., 2010), probably because the
zero water exchange impeded the drainage of nutrients. The higher pH in those two
systems may be related to greater phytoplankton production since, during
photosynthesis, microalgae intake CO, from the water column, causing a decrease in pH
(C02 + Hzo = HCO3- + H+)

The productive response of postlarvae was greater in the control and heterotrophic
system than in the autotrophic in terms of weight gain and SGR. Growth in all three
systems (51-82 mg in 28 days) was better than reported for nursing L. vannamei without
Artemia, and similar to those using Artemia, whereas survival was similar. Final mean
weight ranged 27.1-35.8 mg for postlarvae nursed 21 days without Artemia and 29.4-
47.0 mg for those nursed with Artemia while survival was >65% (Zelaya et al., 2009). In
contrast, survival was around 56% for Penaeus monodon nursed in a microalgae coated-
based system (Khatoon et al., 2009), much lower than recorded in our study. However,
in these two studies, the postlarvae stocking density was higher. Also, our study was 28
days, while those of Zelaya et al. (2009) and Khatoon et al. (2009) were 21 and 19 days,
respectively. The growth response of shrimp in the control and heterotrophic system was
similar to experiments in which both Artemia and formulated feed were used.

The growth response of juveniles in the nursery is important; however, in some
circumstances survival is more important. Nursing is frequently carried out while ponds
are being prepared for stocking or being used for a first grow-out phase. Thus the
postlarvae must be maintained in separate structures for a longer period and it is
assumed that postlarvae have compensatory growth once released into the ponds, where
there is more space, better water quality, and more feed (Wu and Dong, 2002).

The great microalgae biomass in the control and autotrophic system may have
significantly contributed to the nutrition of the postlarvae, as suggested by the very low
FCR (<0.7). Microalgae are one of the most important food sources during shrimp larval
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stages and contribute to the nutrient supply for postlarvae and juveniles in estuaries
(Muller-Feuga et al., 2003). The specific growth rate and survival of P. monodon
postlarvae were significantly higher in ponds where three microalgae (Amphora,
Navicula, Cymbella) were grown on substrates (Khatoon et al., 2009). Microalgae are
consumed by shrimp in the wild (Gleason and Zimmerman, 1984; Gleason and
Wellington, 1988) and in aquaculture ponds (Hunter et al., 1987; Bombeo-Tuburan et
al., 1993; Moss and Pruder, 1995). Nevertheless, juveniles in the autotrophic treatment
had a lower growth response than the control. This might be because the higher survival
in the autotrophic system resulted in a higher density that might have affected the
growth rate, particularly during the latter part of the trial when the biomass of the
organisms had quintuplicated. High density negatively affects growth in Penaeus
japonicus (Coman et al., 2004) and the crayfish Cambarellus montezumae (Arredondo-
Figueroa et al., 2010).

In the heterotrophic system, the postlarvae had other nutritional sources, mainly
detritus on the tank bottoms, bacteria on the tank walls and substrates (plastic mesh),
and wheat bran. The FCR was also quite low in this treatment, suggesting that the
formulated feed was only part of the total ingested feed. The growth of the postlarvae in
this treatment was as high as that obtained in the control. Likewise, heterotrophic
bacteria, coccid and filamentous cyanobacteria, flagellate and ciliate protozoa, and
rotifers colonized on flocculated matter were important food sources for postlarvae of
pink shrimp, Farfantepenaeus paulensis, nursed in bioflocs-based systems with different
protein levels (Ballester et al., 2010). Microbial biomass is an important contribution to
the nutrition and feeding of shrimp at different stages (Burford et al., 2004b; Abreu et
al., 2007; Silva et al., 2008). Moreover, heterotrophic bacteria can synthesize protein
from organic carbon and inorganic nitrogen (Avnimelech, 1999). Thus, bacterial biofilms
and bioflocs are a source of protein for shrimp. The postlarvae reared in the
heterotrophic system had a successful productive response without consuming
microalgae, suggesting that heterotrophic bacteria be studied as an alternative or
complement to microalgae for postlarvae production.

Zero water exchange probably contributed to the low FCR in all treatments. Nutrients
were not released in effluents, which favored the formation of nutrient cycling through
the food chain. Nutrients are cycled in aquaculture systems in which microalgae or
bacteria are present, especially those with a low or zero water exchange (Crispim et al.,
2007; Jirsa et al., 2007; Avnimelech et al., 2008).

The results of this study support the feasibility of nursing L. vannamei in
heterotrophic or autotrophic based systems without Artemia and with zero water
exchange by promoting natural biota such as microalgae in autotrophic systems and
bacteria in heterotrophic. A decrease or cessation in the use of Artemia for nursing
postlarvae implies a decrease in the operative costs. Zero water exchange may also
provide for nutrient recycling, thereby increasing the available protein in the system.
Such systems are more bio secure and environmentally friendly because the introduction
of pathogens is limited and the impact caused by effluents is eliminated.
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