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ABSTRACT

The aim of this study was to investigate the survival rates and the behavioural responses
of Holothuria leucospilota under hypoxia stress condition. A total of 15 H. leucospilota
were collected from Rambut Island, in Thousand Islands, Jakarta, Indonesia. They were
exposed to three different dissolved oxygen concentrations (i.e. 2 mg O, L', 3 mg O,
L1, >6 mg O, L"). Mortality was measured at the 4™ and 6™ day by adding 2 mg O, L"!
and 3 mg O, L' of dissolved oxygen concentrations respectively. The survival rates of
H. leucospilota significantly decreased by 80% at 2 mg O, L' and 40% at 3 mg O, L!
compared to > 6 mg O, L' in which total survival was 100% at the end of 22 days of
exposure to hypoxia. The behavioural responses of H. leucospilota to hypoxia stress were
shown by decreased metabolic activity by releasing the contents of their stomach described
as cuvierian tubules. The lower dissolved oxygen concentrations at 2 mg O, L' and 3 mg
O, L' showed a higher metabolic rate in 20% and 50 % of individual organisms during 18
days hypoxia exposure. If their metabolic rate is high, they will need more energy reserves
to compensate it. The result of this study revealed that the lowest dissolved oxygen at 2
mg O, L' can exert a stress on H. leucospilota which can lead to a high mortality and an
impairment of behavioural responses.
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INTRODUCTION

Black sea cucumber Holothuria leucospilota
(Brandt, 1835) is a tropical shallow reef
holothurian species. H. leucospilota as well
as other benthic organisms have important
roles in the benthic ecosystem. At least seven
species, including H. leucospilota, are found
in Thousand Islands, Jakarta, Indonesia
(Madduppa et al., 2017). Holothurian can be
used as biotubators, the number of bacterial
abundance and the exchange of nutrients
and dissolved oxygen in water or marine
coastal sediments (MacTavish, 2012).
Some bacteria communities in holothurian
guts are observed as having the potential to
keep the balance in nutrient cycling such
as microbes (Amaro et al., 2009; Zhang et
al., 2012). Schneider et al. (2011) recorded
holothurian that has a role in the coral reef
ecosystem to balance CaCo;. Holothurians
are currently used as food supplement, food
sources and medicine. Mohammadizadeh et
al. (2013) found bioactive compounds from
H. leucospilota, as having antibacterial and
antifungal properties. Hence, holothurian
is not only commercially valuable, but also
has an ecological function for sustaining
marine life.

Currently, the major problem affecting
the marine ecosystem is related to threats
from anthropogenic activities. Nutrients and
pollutants enter the marine environment,
not only as dissolved solids, but some of
them are suspended solids which will be
deposited in the sediment. This situation
will potentially lead to sedimentation
leading to oxygen depletion. Sedimentation
of suspended solids may have an effect on
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holothurian who may not be able to adapt
to high levels of sedimentation. Gray et
al. (2002) reported that marine life cannot
survive when concentration of dissolved
oxygen in the water is below 2 mg O, L"!
to 0.5 mg O, L. The primary effect on the
marine environment is eutrophication, as a
result of dissolved oxygen concentration,
due to over-enrichment by nutrients.
Hypoxia also can be built up under this
condition. Consequently, it will lead to the
loss biodiversity in the benthic ecosystem
services, since the marine organisms will
not survive in heavy sedimentation (Worm
et al., 2000).

There are internal and external
disturbance factors which cannot be
predicted in the marine environment
(Vilniss et al., 2012). The internal factor
is related to global warming whereby the
increasing temperature can lead to reduce
oxygen levels in the ocean. The external
factor relates to anthropogenic activities
which can lead to a drastic decrease in
oxygen level. Thus, it would impair the
performance of holothurian. Hypoxia
phenomenon affects the survival of marine
organisms in the ecosystems. Some studies
have been reported that hypoxia has become
a stressor and has a negative impact on the
sustainability of marine organisms leading
to reduction in growth and reproduction
(Huang et al., 2012; Loddington, 2011;
Vaquer-Sunyer & Duarte, 2008).

There is a connection between the
physical and biological processes in the
marine coastal environment. Holothurian
is a deposit feeder which respires with all
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tentacles around their skin and consumes a
lot of water and absorbs dissolved oxygen.
Therefore, this study was conducted to
investigate the survival rates and the
behavioural of H. leucospilota exposed
to hypoxia stress tolerance with ex situ
observations in different dissolved oxygen
concentrations. Studies have investigated
the cause of hypoxia can lead to negative
effect which reverses the loss of biomass on
benthic organisms and changes behavioural
and physiological responses as a feedback
mechanism (Diaz & Rosenberg 1995; Diaz
& Rosenberg, 2008; Huo et al., 2018). Since
hypoxia condition can constitute a stress for
sea cucumbers, we hypothesise the survival
rates and behavioural responses to decrease
with decreasing concentration of dissolved
oxygen.

MATERIAL AND METHODS

Study Site and Sea Cucumber
Collection

Individuals of the black sea cucumber H.
leucospilota were collected in Rambut
Island, Kepulauan Seribu, Jakarta, Indonesia
(5°58°30.9”S 106°41°42.9”E) during low
tide (Figure 1). H. leucospilota were found
fine-grained sediments just below the low
tide line. The length range of sea cucumbers
used for the experiment were between 10
cm and 15 cm. The sea cucumbers were
kept in cooled insulation box with seawater.
During transportation into the laboratory,
half of the seawater in cooled insulation
box was exchanged every two hours with
new stock of the seawater supply. This is
to provide an oxygen circulation inside the
box. A total of 15 individuals was used in
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Figure 1. Map of Rambut Island, Jakarta, Indonesia showing the position of sampling H. leucospilota with

black diamond bullet
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the experiment, where each concentration
levels used 5 individuals; there were three
groups of 5 sea cucumbers each, all having
similar length size. The low number of
individuals was due to limited availability
of sea cucumbers in the field. The sea
cucumbers were acclimatised to laboratory
conditions, every 5 sea cucumbers were
transferred into a glass aquarium with 20
litres of seawater with constant aeration.
During post acclimatisation in laboratory
conditions for 10 days, 20% of sediment was
added from the total volume. The seawater
was changed daily to prevent accumulation
of metabolic waste.

Experimental Setup

The hypoxia circulation system comprised
three different dissolved oxygen (DO)
concentrations (2 mg O, L', 3 mg O, L,
>6 mg O, L'1) (Table 1). Each treatment
group consisted of 5 individuals kept in
individual containers with 2 1 of seawater.
The DO concentrations were measured
using a digital oxygen meter, the sensor
type is CellOx 325 for WTW Oxical 3205,
Weilheim, Germany. The hypoxic water
collected in the header tank were placed in
containers. The inflow was connected to the

Table 1

Treatment groups for hypoxia stress tolerance
Treatment Concentration Number of
groups levels of DO individuals
X 2 O,mgL"! 5 individuals
Y 3 O,mgL! 5 individuals
Z >6 O, mgL" 5 individuals
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seawater header tank which had one hole on
the top nitrogen inflow. The concentration of
dissolved oxygen in the seawater header tank
was reduced by pumping bubbling nitrogen
gas into it (Cheung et al., 2008; Long et
al., 2008; Seitz et al., 2003). According
to Vaquer-Sunyer & Duarte (2008), the
threshold for hypoxia for echinoderms is >
2 mg O, L''. The target DO concentrations
were reached at2 mg O, L', 3 mg O, L1, >6
mg O, L. The DO concentrations of >6 mg
O, L' was chosen as the normal condition.
The outflow distributed the seawater to fill
in the experimental containers (Figure 2).

Seawater

® o)

Bubbling nitrogen [T

\ Outlet

RN
I/ O —

Experimental containers
Figure 2. Design of hypoxia circulation system with
one bottle of nitrogen immersed in the tank and later
stored in the container

Each animal was placed in a tight
closely to prevent re-oxygenation of the
water. The seawater in the containers was
exchanged daily. When changing the water,
the containers and the top of the header
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tank had to be opened until the water body
inside the containers was entirely replaced
with hypoxic water from the header tank.
The normoxia condition was applied >6
mg O, L as control and aerated. However,
presumably for all DO concentrations did
not feed the sea cucumbers during the
hypoxia test (Cheung et al., 2008).

In the laboratory study, the lighting
condition was simulated like in the marine
environment which had a day light on and
off (12:12 h). During the experiment, the
room temperature at 25 - 27°C and the
salinity at 31 - 32%o0 was controlled. 3
levels of dissolved oxygen concentration
were applied (Table 1). Their behavioural
responses under hypoxia condition and
the surviving individual was observed
twice a day. The saline and the ammonia
concentration was measured at the beginning
and at the end (death revealed) to ensure it
was not caused by increasing salinity and
ammonia concentrations (Table 2).

Table 2
Water quality checking data during hypoxia stress
tolerance

Treatment .
aroups Water quality (mean + SD)
- Ammonium (NH4")
0,
Salinity (%o) (mg L)
X 31.10+£0.22 <0.05+0
Y 31.10+£0.22 <0.05+0
Z 31.10+£0.22 <0.05+0
Statistical Analysis

The survival rates and the behavioural
responses of H. leucospilota data were
analysed using Cox proportional hazard
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test (Bewick et al., 2004; Goel et al., 2010).
Data was analysed using as Kaplan Meier
curves which showed the probability for the
number of individuals to median time. All
statistical tests and curves were calculated
and produced using the free R-statistic
software (version 3.1.2 (2014-10-31)
“Pumpkin Helmet”). The significance result
was assumed if p-value was lower than 0.05.

RESULTS AND DISCUSSION

H. leucospilota was exposed to hypoxia
stress for 22 days, and it was found that
behavioural responses as well as survival
rates were low percentages due to oxygen
depletion (Figures 3 and 4). Diaz and
Rosenberg (1995) had studied three types
of oxygen concentrations, the normoxia
condition, the moderate hypoxia and severe
hypoxia. As shown in Figure 3, 3 mg O,
L' affected behavior of the specimens by
50% in 18 days compared with 2 mg O,
L. The different oxygen concentrations
had a significant influence on the behavior
of H. leucospilota which ejected their
cuvierian tubules. 20% of the individual
organisms showed the behavior by ejecting
their cuvierian tubules upon exposure to 2
mg O, L during 18 days (Figure 3). It was
proven by Cox-ph test: Chisq = 8.1249,
df =2, p=0.01721%*. Therefore, that
holothurian is more susceptible to 2 mg O,
L concentration.

The line drop of the survival rates in
all oxygen concentrations indicated the
death phase of holothurians. The survival
rates of H. leucospilota even showed a
decrease of 18% on day 4 at 2 mg O,
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Figure 3. The

behavioural responses of H. leucospilota showed by ejection of cuvierian tubules during

hypoxia stress tolerance with different oxygen concentrations for 22 days (n=5)
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Figure 4. The survival rates of H. leucospilota showed by declining curves during hypoxia stress tolerance

with different oxygen concentrations for 22 days (n=5)

L. The lowest concentration (2 mg O,
L") had only 20% of initial individual
organisms (Figure 4). This study revealed
the median survival, individual organism
in hypoxia concentration decreased with
the lowest hypoxia concentration with a
strong significant trend (Figure 4, Coxph-
test: Chisq =7.1477, df =2, p = 0.02805%).
The lowest concentration (2 mg O, L") has
a faster death rate compared with the higher
concentration (3 mg O, L") and normal
concentration (>6 mg O, L™"). At the end of
this study, metabolic rate was not measured
as it was not available due to the damaged
body which was dissolved in the seawater.
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H. leucospilota are deposit feeders
and under normal conditions, they will use
their peltate tentacles to push sediment into
their mouths. The behavior responses of
Holothurians were examined under hypoxia
condition. These behavioural responses were
very slow movement with a big open mouth
(Figure 5A), and the colour of their tentacles
changed from black to white (Figure 5B).
This is shown when they eject their cuvierian
tubules (Figure 5C). This confirms that the
behavioural responses of H. leucospilota
were strongly affect concentration. Oxygen
concentration. Oxygen consumption
indicates that holothurian can be very

41 (3): 1511 - 1521 (2018)
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Figure 5. The different appearances under hypoxia (2 mg O, L!; 3 mg O, L") and normoxia condition (>6 mg
0, L") (A) The anterior body hanging on the top and with a big open mouth (B) The colour of the tentacles
changed from black to white (C) H. leucospilota ejected part of cuvierian tubules (D) H. leuscopilota under

normoxia condition.

opportunistic and reduce energy expenditure
to a minimum when oxygen is in short in
supply (Siikavuopio et al., 2008).

The highest percentages were seen
under normoxia condition (>6 mg O, L),
as holothurians did not eject their cuvierian
tubules. Under normoxia condition, H.
leucospilota moved around from one
part to another part and looked healthier
than in hypoxia condition (Figure 5D).
This indicates that the holothurians did
not receive any stressor under normoxia
condition. The relationship between hypoxia
and holothurians behavior is strongly
affected by oxygen depletion concentrations.
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Astall and Jones (1991) said that
holothurians reduced their metabolic rate
by ejecting the cuvierian tubules under
hypoxia condition. It was relevant to our
result which showed the lower dissolved
oxygen concentrations led to holothurians
ejecting their cuvierian tubules during the
experiment. It was observed the lower
oxygen concentrations showed a higher
metabolic rate, if their metabolic rate is
high, they needed more energy reserves
to compensate it. They saved their energy
with aestivation activity and they ejected
their cuvierian tubules to keep their energy
levels high.
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Specifically, Holothurians ejected their
cuvierian tubules as a defence mechanism
(Becker & Flammang, 2010; Demeuldre et
al., 2014). If they cannot produce cuvierian
tubules, their predators can spot them easily
and thus, increasing the risk of biodiversity
loss. According to Cheung et al. (2008)
prolonged reduced oxygen level at 1.5
mg O, L' decreased food consumption in
marine scavenging gastropods Nassarius
festivus. Hypoxia reduces growth of marine
organisms and it increases their mortality
rate (Rabalais et al., 2002).

There is a relationship between decrease
in dissolved oxygen concentrations to
holothurians behavioural responses and
impact on their mortality. Hypoxia has
consequences for living resources and an
impact on benthic ecosystem services.
The holothurians tried to survive during
hypoxia, but unfortunately, some of them
died, because they failed to aestivate.
There were no significant differences in
behavioural responses between under 2
mg O,L" and 3 mg O, L, except for faster
ejection of cuvierian tubules and followed
by the mortality. 2 individuals survived until
the end of the experiment during hypoxia
condition in 3 mg O, L', and therefore
it can be assumed that they succeeded to
aestivate themselves (Yang et al., 2006). The
threshold for the hypoxia of holothurians
was estimated at 3 mg O, L. This study
revealed that holothurian is susceptible to
reduction of dissolved oxygen. Holothurians
always eject parts of their cuvierian tubules
when the environmental conditions do not
support their lives.
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Holothurian as well as H. leucospilota
is an important species in benthic
ecosystem services. They play an important
functional role in the ecology of coastal
ecosystem and coral reef ecosystem and
a marker of eutrophication within the
marine environment. The presence of H.
leucospilota has an ecological role and in
the trophic levels. Holothurian has been
considered as one of the marine organisms
which recycles nutrient in the coral reefs
and seagrass beds ecosystem (Uthicke,
2001; Wolkenhauer et al., 2009). Therefore,
Timmerman et al. (2012) concluded nutrient
loading had a positive support to the biomass
of benthic macrofaunal communities, but it
also had potential to increase hypoxia which
affected benthic biomass. Hypoxia condition
has a negative impact on the marine life and
the diversity of marine organism. If one of
the marine species in an ecosystem cannot
be sustained, this could create new problems
for the food web in the ecosystem. This was
proven by the Long et al. (2008), and Long
and Seitz (2008) that the prey species would
be easily detected by their predators.

CONCLUSION

The study showed survival rates of H.
leucospilota due to hypoxia exposure had
declined significantly. The behavioural
responses of H. leucospilota to hypoxia stress
were shown by their decreased metabolic
activity by releasing the contents of their
stomach described as cuvierian tubules. The
results revealed that H. leucospilota was
susceptible to a low dissolved oxygen less
than (2 mg O,L").
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