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Abstract. Understanding the shrimp behaviour, shrimp oxygen consumption, and sediment oxygen
demand in a culture tank could contribute to the improvement of Litopenaeus vannamei culture. The
objective of the study was to evaluate the influence of sediment redox potential on the white shrimp
behaviour. Shrimp with an average body weight of 7.27 + 1.20 g were distributed in tanks containing
substrate at different redox potential (+100, -106, and -210 mV). Subsequently, the vertical distribution
of the shrimp was observed directly at 1 h intervals. We found that the sediment redox potential did not
affect the behaviour of the shrimp and the percentage of shrimp that stayed on the bottom ranged from
72 to 81%. Shrimp oxygen consumption (OC) rate was 0.33+£0.06 g 0> kg* h*. The levels of sediment
oxygen demand (SOD) in the treatment tanks were 7.78+1.67 mg O. m™ h', 12.22+0.96 mg O> m=2 h
and 27.22+0.96 mg O, m2 h'! for the RP+100 mV, RP-106 mV and RP-210 mV, respectively.
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Introduction. Pacific white leg shrimp Litopenaeus vannamei is an economically
important aquaculture species which has several advantages such as the availability of
specific pathogen-free post larvae, relatively high growth rate (up to 3 g week™), and
considerably high survival rate (80-90%) (Briggs et al 2004). Furthermore, this species
can be cultured at a wide range of temperature and salinity (Wyban & Sweeny 1991;
Briggs et al 2004), at a high density (Wasielesky Jr. et al 2006), with a low feed
conversion ratio (Babu et al 2014). With these characteristics, this species has
been widely cultured by farmers and its production has been continuously increasing,
comprising 77.5% of the global shrimp production (FAO 2018).

The increase in shrimp production needs to be supported by knowledge about the
animal behavioural characteristics and the most optimal environmental conditions.
Understanding animal behaviour is essential in developing optimum culture conditions
that support the growth and production of the cultured species (da Costa et al 2016).
There are only a few behavioural studies conducted on shrimp, most of them being
related to the daily activity of L. vannamei (Soares Pontes et al 2006), the behaviour
at different stocking densities (da Costa et al 2016) and feeding behaviour (Soares
Pontes et al 2008).

Recently, most study related to shrimp culture only focus on culture practices,
particularly the enhancement of culture intensity through the increase of stocking
densities in association with mortality and growth performance (Krummenauer et al
2010). The study of L. vannamei behaviour at different sediment redox potentials can
demonstrate whether or not the bottom conditions affect the shrimp’s activities in this
environment and, therefore, can contribute to the determination of the proper
management of pond bottom. In addition, the behavioural profile of shrimp can also be
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used as a background knowledge to elucidate the effect of the bottom environments on
the shrimp production (da Costa et al 2016). For instance, Avnimelech & Ritvo (2003)
suggested that the increase of swimming activity in the attempt to avoid bad
environment is one of the factors that cause a slower growth of the shrimp maintained in
deficient sediments.

Not only the shrimp behaviour, but oxygen consumption (OC) by the cultivated
shrimp and sediment oxygen demand (SOD) are also needed to be evaluated, especially
for different environmental conditions. In shrimp pond culture, the oxygen supply is not
only required for the shrimps, but also for the heterotrophic decomposition of organic
matter that occurs in the sediment (Avnimelech & Ritvo 2003). The low concentration of
oxygen in the intensive culture medium is the most limiting factor of production. The
availability of oxygen near to the bottom surface is more important for shrimp, since
shrimp is a benthic organism (Lester & Pante 1992; Briggs et al 2004).

The information on shrimp OC and SOD rates can be used to determine the
number of aerators needed per unit of culture area. Vinatea & Carvalho (2007) noted
that the number of aerators per unit of area can be calculated according to the water
respiration rate by phytoplankton, sediment respiration rate from the decaying organic
matter process and the cultured organisms respiration rate. This study observed the
behavioural activity of L. vannamei, oxygen consumption and sediment oxygen demand
concerning sediment redox condition.

Material and Method

Experimental animals. Pacific white leg shrimp was obtained from a commercial shrimp
farm in Lampung, Indonesia, and acclimated in a semi-outdoor laboratory for 1 week
before experimentation. The experiment was carried out at Laboratory of Aquaculture,
College of Vocational Studies, IPB University, Bogor, Indonesia. Intermolt stage shrimp
with an average body weight of 7.27+1.2 g were used for the experiment.

Experimental design. A completely randomized experiment was performed with three
different substrate sediment redox potentials (no-substrate, +100 mV, -106 mV and -210
mV). The treatments were denoted as no-substrate (NS), sediment redox potential +100
mV (RP+100), sediment redox potential -106 mV (RP-106), and sediment redox potential
-210 mV (RP-210). Pond sediment with a redox potential of -210 mV was obtained from
a shrimp pond in Lampung, Indonesia, with an operational period of more than 5 years,
whereas other sediments were obtained by mixing the pond sediment with garden sail,
which has a positive redox potential (+100 mV). The ratio between pond sediment and
soil for the -106 mV sediment was 1:2. The method for measuring sediment redox
potential was performed based on Braker et al (2001) and Arsana et al (2003), i.e. by
taking an average of three oxidation reduction potential (ORP) readings with an interval
of 15 min.

Experimental setup. The experiment was conducted in a semi-outdoor laboratory using
12 tanks (for 4 treatments in 3 replication) of 30 cm x 30 cm x 120 cm, each containing
90 L (100 cm water depth) of filtered seawater. At the bottom of each tank, a soil
substrate (Braker et al 2001; Arsana et al 2003) with different redox potential was added
in a layer of about 5 cm. Shrimp with an average bodyweight of 7.27+1.2 g were
randomly distributed into the experimental unit at a stocking density of 130 shrimps m™
(12 shrimp tank). During the experiment (6 hours), water temperature and salinity in
each tank were maintained at 26.59+1.14°C and 25.00+0.00 g L}, respectively, whereas
the initial dissolved oxygen concentration was 5.45+0.05 mg L!. To maintain the
sediment redox potential and its effect on the dissolved oxygen concentration, no
aeration was provided during the experiment.

Behaviour. One hour after being transferred to the tank, the shrimp behaviour was
observed every one hour for 6 consecutive hours. During this period, no feed was offered
to the shrimp. The observations included the vertical position of the shrimp in the tank.
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The position of shrimps was categorized into 6 ranges of water depth, i.e. 0-10 cm, 10-
50 cm, 50-75 cm, 75-90 cm, 90-95, and 95-100 cm.

Dissolved oxygen. At the end of the experiment (6 hours), dissolved oxygen was
measured at a depth of 10 cm, 50 cm, 75 cm, 90 cm, 95 cm and 100 cm using a DO
meter (Lutron DO-5510).

Oxygen consumption rate (OC) and sediment oxygen demand (SOD). Oxygen
consumption rate was calculated without taking into account the air diffusion to the
system by using the modified formula of Vinatea et al (2011):

OC = (IO-EOws)/(B x t)

Where: OC is shrimp oxygen consumption rate (g Oz kg™! h'1), IO is the initial oxygen (g),
EO is the end oxygen without substrate (g), B is biomass (kg), and t is the time (h).
Sediment oxygen demand was calculated without taking into account the air diffusion to
the system by using the formula modified from Vinatea et al (2011):

SOD = ((I0-EO)-(I0-EOws))/(A X t)= (EOws-EO)/(A x t)

Where: SOD is sediment oxygen demand (g Oz kg h!), IO is the initial oxygen (g), EO
is the end oxygen (g), EOws is the end oxygen at treatment without substrate (g), A is
the area of substrate (m?), and t is the time (h).

Data analysis. Analysis of variance (ANOVA) was used to evaluate the differences
between treatments at a significance level of 0.05. Significant differences between
treatments were determined using a post-hoc Duncan test. Data normality and
homogeneity of the variance were determined using Kolmogorov-Smirnov and Levene
tests, respectively. The dynamic of dissolved oxygen concentration throughout the
experimental period was analysed using repeated measures ANOVA. Statistical analyses
were carried out using SPSS Statistics version 20 for Windows (SPSS Inc.).

Results and Discussion

Shrimp behaviour. The percentage of shrimp found at different water depths was not
significantly different amongst the sediment redox potentials. However, the number of
shrimps found on the sediment was higher compared to those found in the water column
at any water depth (p<0.05). The percentage of shrimp that stayed on the sediment or in
the water column at the depth of 95-100 cm was between 72-81% (Figure 1). Shrimps
appeared to swim in the water column only for a limited time and not more than 11
seconds. This study discerns shrimp individual behaviours, which are complementary to
the animal interactions with the environment.

Dissolved oxygen. There were no significant differences in the dissolved oxygen among
sediment redox potentials (Figure 2). However, dissolved oxygen decreased with
increasing depth and the range of oxygen between the surface and bottom sediment was
3.37-3.94 mg L!. The dissolved oxygen concentrations were significantly influenced by
the water depth (p<0.01). The lowest dissolved oxygen concentration was observed at
the bottom of the tank in treatment RP-210, which was 3.37£0.01 mg L. In this
particular treatment, the DO concentrations were consistently low, although the
differences were not significant at different water depths.

Oxygen consumption. OC by shrimps was 0.33+0.06 g O2 kg™! h'l. On the other hand,
SOD was affected by different sediment, with the highest SOD observed in treatment RP-
210, i.e. 27.77+£0.96 mg O2 m h'! (Table 1). Oxygen consumed by sediment seemed to
be different between the sediment with positive and negative redox potentials, i.e. 0.008,
0.012 and 0.027 g m™2 h'! at sediment redox potentials of +100 mV, -106 mV and -200
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mV, respectively. This outcome showed that SOD in more negative ORP was 3.5 times
higher than in the positive one.
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Figure 1. Percentage of pacific white leg shrimps Litopenaeus vannamei in different
depths in three different sediment redox potentials with density of 130 shrimp m=2; NS -
no-substrate; RP+100 - sediment redox potential +100 mV; RP-106 - sediment redox
potential -106 mV; RP-210 - sediment redox potential -210 mV.
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Figure 2. Dissolved oxygen at different water depth in the culture of Litopenaeus
vannamei in three different sediment redox potentials; NS - no-substrate; RP+100 -
sediment redox potential +100 mV; RP-106 - sediment redox potential -106 mV; RP-210
- sediment redox potential -210 mV.
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Table 1
Oxygen consumption (OC) by Litopenaeus vannamei and sediment oxygen demand
(SOD) in three different sediment redox potential

Treatments OC (g O2 kg1 h'1) SOD (mg O> m2 h'!)
NS 0.33+0.06 -
RP+100 - 7.78+1.67¢
RP-115 - 12.22+0.96°
RP-210 - 27.77+0.962

Note: NS - no-substrate; RP+100 - sediment redox potential +100 mV; RP-106 - sediment redox potential -106
mV; RP-210 - sediment redox potential -210 mV.

This study showed that Pacific whiteleg shrimp spent most of their time on the bottom,
and swam to the column or near to the water surface for short periods of time, between
0-11 seconds. This is in line with the results of Avnimelech et al (2004), who suggested
that shrimp normally live on or near the bottom, and in contrast to Briggs et al (2004),
who noted that the same species spend more time in the water column. This underlines
the particular importance of the bottom sediment conditions that can affect the shrimp
behaviour, subsequently affecting the growth and the health of the shrimp
(Krummenauer et al 2010; Lin et al 2010). It has been reported that shrimp pond
sediment is of particular importance, because, as a benthic organism, shrimp spend most
of their time in the soil-water interface environment. Moving, by swimming or crawling,
might be related to searching for food. Silva et al (2012) demonstrated that
Farfantepenaeus subtilis more commonly moved after feeding.

DO concentrations in all treatments decreased with the increase of water depth.
This condition might be caused by the sediment condition and the fact that most of the
shrimp stay at the bottom and, therefore, resulted in the depletion of DO concentration.
Shrimp oxygen consumption has been reported to be affected by size, temperature, and
stocking density. According to Vinatea et al (2011), bigger shrimp size, higher
temperature and higher stocking density incur higher oxygen consumption. The present
study also found that the rate of DO reduction at the water surface ranged from 0.25 to
0.26 mg L h, while at the bottom (water-sediment interface), the decreasing rate of
DO was higher, i.e. 0.32-0.35 mg L?! hl. On the other hand, the treatment without
sediment showed a lower rate of DO reduction compared to other treatments, indicating
the absence of the sediment effect. Spanopoulos-Hernandez et al (2005) and Bett &
Vinatea (2009) stated that the oxygen consumption rate is influenced by salinity,
temperature and wet body weight. In this study, we assume that the oxygen diffusion
from the air to the culture system was similar amongst treatments, and the rate of
oxygen consumption by shrimp biomass could be estimated at 0.33 g O> kg! hl, This
result is similar to the research conducted by Bett & Vinatea (2009), who reported that
for shrimp with an average body weight of 5-10 g, shrimp oxygen consumption rate at a
temperature of 25-30°C was 0.24-0.33 g Oz kgt ht,

At a negative sediment redox potential, the reduction rate was noticeably higher,
indicating that the sediment oxygen demand in this particular environment was higher as
compared to other sediments in this study. According to Yee et al (2011), the sediment
oxygen demand can vary between sediment and was found to be higher at the area near
the waste from aquaculture activity. Ling et al (2009) reported that sediment oxygen
demand at the station with shrimp farm discharge was 32-890 mg O2 m™2 h.
Avnimelech et al (2004) noted that in intensive organic matter degradation at the pond
bottom, high sediment oxygen demand could exceed the oxygen regeneration rate and
could cause the development of anoxic conditions in the sediments and at the sediment-
water interface.

Conclusions. Sediment redox potential did not influence L. vannamei behavioural
profile. The shrimp stayed on the tank bottom for most of the time for all treatments. DO
decreased with the increase in water depth, indicating that DO on the bottom was
consumed by both the shrimp and the sediment. A more negative sediment redox
potential increases the sediment oxygen demand.
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