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ABSTRACT
The sea cucumber Holothuria scabra has a high commercial value and a great potential to be
cultivated. A thorough feeding strategy is needed to overcome juvenile rearing technique
constraints. Stable isotope analysis can be used for determining diet sources of sea cucumbers that
play a role as deposit feeders. This study aims to determine suitable diet sources and elucidate the
potential of organic matter assimilation of H. scabra by combining three different mixed diets
including 10% seagrass Enhalus acoroides bulk, 45% grass Pennisetum purpureum and 45% of
cow feces (diet A); 20% seagrass E. acoroides, 40% grass P. purpureum and 40% of cow feces
(diet B) and 33% seagrass E. acoroides, 33% grass P. purpureum and 33% cow feces (diet C) and
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identifying the fecal pellet isotopic properties and compare it to the diet sources and the surrounding
sediment. Stable isotope signature of H. scabra and its prospected diet sources, altogether with
13
15
sediments and fecal pellets were plotted in a conservative bi-plot δ C and δ N. The isotopic value
of fecal pellets and diet sources indicate a low assimilation rate, the organic matter contained in the
sediment is similar to that of the diet sources. Sea cucumber feeds the bulk of the sediment and the
detritus of the diet sources and then assimilates the organic matter as soon as the bulk enters the
intestine. Due to the low assimilation rates, we suggest for the mariculture of H. scabra that the food
should be homogenised and then mixed into the sediment, where the sea cucumber is cultured.

Keywords: Feed; seaweed; aquaculture; sediment; organic matter.
However, there is limited information about
feeding behavior [20] and suitable diets,
particularly in early juvenile stadia [5]. New
studies are needed to increase growth and
survival rates by improving the assimilation of
feeding components [5], nutritional requirements
and preferred diets [21].

1. INTRODUCTION
Overfishing due to rising demand has led to the
depletion of sea cucumber populations around
the world [1,2,3,4]. Mariculture production of sea
cucumber is one of the ways to solve the
problem [1,4], moreover, it has the prospect to
grow into an industry [5]. The sea cucumber
Holothuria scabra, also called sandfish, has a
high commercial value as preferred food in
China, but also for medical and nutritive
purposes and last not least as aphrodisiac [6,7,8]
and consequently, lead to heavy exploitation [9].
Sandfish has a big potential to be cultivated in
tropical regions [7,10], particularly in the AsiaPacific area [1].

Also for H. scabra juveniles feeding behaviour
and diets ingredients are not well understood.
Since it is difficult to conduct microscopic
observations on the intestine content, a better
approach is needed such as stable isotope
analysis. This method can be used for
determining diet sources of sea cucumbers that
play a role as deposit feeders.
Stable isotope analysis is a useful method to
trace the flow of organic matter in estuarine food
webs and gives clues concerning its origins and
transformations [22,23]. It is also a useful
approach to determine the trophic relationships
of aquatic ecosystems [20,24] and to track
nutrient and organic matter source movement
and assimilation [25]. Some studies using this
kind of approach have been done with different
aims such as the investigation the efficiency of
co-culturing fish and A. japonicus with potential
food sources [26], quantification of the absorption
efficiency of A. japonicus with three different food
ingredients [27] and also for the identification of
the feeding type, food resources and food web
structure of A. japonicas cultured in integrated
multi trophic aquaculture (IMTA) systems [28].

Hatchery techniques have various obstacles,
which can decrease the benefit and reliability
[5]. The issues which have constrained
and hindered the development of culture
methods in juvenile stadia were feeding behavior
[5,11,12], settlement process of newly juveniles
[11,13], release of juveniles [3,14], transportation
[15], predation [15, 16], stocking density [5,11],
rearing techniques [11], biophysical properties
[16] and low survival rates [5].
Some studies have been conducted on
the feeding strategy of sea cucumbers as
part of overcoming the rearing technique
constraints. Shi et al. [17] conducted a
study about feed ingredients using mud,
sand, diatoms and macroalgae powder
for juvenile Apostichopus japonicus. The
role of sand as a substrate and/or dietary
component for H. scabra was investigated
by [7]. Other studies were conducted
especially for elucidating the diet requirements
of H. arguinensis [11] and A. japonicus
using
macroalgae
Chaetomorpha
linum,
seagrass Zostera marina, or biofloc supplement
[18,19].

This study aims to elucidate the potential of
organic matter assimilation of H. scabra, by
combining three different mixed diets (with focus
on low cost ingredients) from terrestrial and
marine resources. It is anticipated that we can
conclude on effective diet ingredients by
identifying the fecal pellet isotopic properties and
compare it to the diet sources and the
surrounding sediment.
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ratio (R) calculation, given as per-million (‰)
deviation from the standard value, was
calculated using the following formula:

2. MATERIALS AND METHODS

2.1 Sample Collection and Experimental
Diets

R=13C/12C or R=15N/14N

Field samples of sea cucumber Holothuria
scabra and corresponding natural sediments
were collected from Sira, North Lombok,
Indonesia. This location is a natural habitat of H.
scabra. Body wall and intestine samples were
taken after dissection then oven dried at 70°C.
Dietary components such as seagrass Enhalus
acoroides, napier Pennisetum purpureum and
cow feces were collected from North Lombok,
Indonesia, while Laminaria digitata was collected
on Helgoland Island, Germany and dried in the
laboratory of the Leibniz Center for Tropical
Marine Research (ZMT) Bremen, Germany.
Samples feces were then oven dried for 48 hours
at 40°C.

δ (‰) = ((Rsample / Rstandard)-1) x 1000
The isotopic and elemental values were
determined using laboratory reference materials
(Low Organic Soil Standard OAS, Apfelblatt SRM
1515 and pepton). Stable isotopes were detected
with a Delta plus coupled with Flash EA 1112
(Thermo Finnigan, USA), with a detection limit of
10 µgN, and a flow rate at EA of 100 ml/min.

2.3 Mixing Model Analysis
A hierarchal Bayesian mixing model analysis
using MixSIAR [29] was used to determine the
diet contribution to H. scabra and the fecal pellet.
The analysis used 95% confidence intervals
(95% CI), 'residual' error structure and
'uninformative/generalist’ type. The mixing model
was run using a 'long' run length of Markov chain
Monte Carlo/MCMC [29]. In this study we used
the seagrasses Laminaria digitata, Thalassia
hemprichii and Enhalus acoroides, cow feces, a
mixture of those ingredients (foodmix) and also
the sediment as potential diet sources.

Experimental samples were collected from a
rearing system with 15 individuals of H. scabra.
We used three so-called “happa” nets with 5
individuals each at the Klimahaus Bremerhaven,
Germany for 5 days in a recirculation system.
Three mixtures of diet formulas were used,
namely 10% seagrass bulk, 45% grass and 45%
of cow feces (diet A); 20% seagrass feed, 40%
grass and 40% of cow feces (diet B) and 33%
seagrass, 33% grass and 33% cow feces (diet
C). Diets were added ad libitum every two days
after a change of 50% sea water. Feces samples
were collected through suction with a small hose
every two days in each experiment.

3. RESULTS AND DISCUSSION
Stable isotope signature of Holothuria scabra
and its prospected diet sources, altogether with
sediments and fecal pellets were plotted in a
conservative bi-plot δ13C and δ15N (Fig. 1). Since
there is no complete data set of the isotopic
profile of an entire H. scabra, we used tissue
samples from H. scabra intestine and body wall
as proxy. In order to obtain a more
comprehensive snapshot, also secondary data of
stable isotope signature were included in the biplot. Stable isotope signature of H. scabra body
wall and intestine (H.s.b.w and H.s.i.x) refer to
[30]. Additional stable isotope signature of the
prospected diets (Enhalus acoroides/ Ea2,
Thalassia hemprichi/ Th and suspended
particulate matter/ SPM) refer to [31].

2.2 Sample Preparation and Analysis
Feed, feces and sediment samples were
fractionated and organic materials were
homogenised at the chemical laboratory of ZMT.
Sediment samples (fraction < 2mm) were
homogenized by a planetary ball mill Retsch PM
100 for 50 minutes at 500 rpm. Organic material
containing fibers was homogenized by using a
Retsch ZM100 mill and centrifugation at 18,000
rpm with an 80 μm sieve. Carbon and nitrogen
detection were conducted at the chemical
laboratory ZMT using a Eurovector EA 3000 with
a mass spectrometer.

Stable isotope signature of H. scabra body wall
and intestine are considered to be low in this
study compared to its diet sources, which does
not meet with the conservative rule (common
range) of the stable isotope analysis for food web
and trophic level study. It is well known that
enrichment of carbon and nitrogen stable

The stable isotope ratios of 13C/12C and 15N/14N
are expressed as δ13C and δ15N, respectively.
The isotopic ratios were normalised using
Vienna-Pee Dee Belemnite (VPDB) limestonestandard and atmospheric nitrogen (N2). Isotope
3
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isotopes for consumers relative to their diet is 1
and 3.4‰ respectively [24,32,33]. Even the
isotopic value of H. scabra obtained from
secondary data [30] has lower δ15N values
compared to primary data of this study. Both [30]
and this study use an acidification process for
removing carbonate content from the samples
that may affect the reduction of the nitrogen
isotopic value [34]. Watanabe et al. [30]
estimated that the mean δ15N fractionation for the
intestine (1.5‰) to be about half of the common
range; meanwhile the mean δ13C fractionation for
the intestine (2.2‰) was about double the
common range.

fact lower than the offered diet sources and
lower than the fecal pellets, we can still
estimate the proportional contribution of the
sources.
The stable isotope signatures of most sources
(primary data, i.e. Laminaria, cow-feces, Ea1,
food-mix) and the fecal pellets are very similar.
This shows that sources such as Laminaria, cowfeces and foodmix are part of the fecal pellets
and very likely have passed through the digestive
tract, while sources such as Enhalus acoroides,
Thalassia hemprichii and suspended particulate
matter (SPM) are more distant. According to the
bi-plot, we cannot discriminate the proportion of
the incorporated sources. This is why we use the
mixing model shown in the Figs 2-4.

Although the isotopic value of the sea
cucumber intestine is lower than expected, in

Fig. 1. Bi-plot of diet sources (Enhalus acoroides/ Ea1, cow feces, food-mix) relative to the
Holothuria scabra (H.s.), sediment and fecal pellets. Holothuria scabra intestine (H.s.i.1, -3, -5,
-6) are primary data (numbers 1, 3, 5 and 6 refer to different sampling locations). Holothuria
scabra body wall (H.s.b.w), and H.s.i.x are secondary data following (30). While, Enhalus
acoroides (Ea2), Thalassia hemprichii (Th) and suspended particulate matter (SPM) following
[31]
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The similar isotopic value off fecal pellets and diet
sources also shows that no distinct fractionation
occurs, indicating a low assimilation rate. Since
also the sediment isotopic value is similar to that
of the diet sources, it can be concluded that the
organic matter contained in the
he sediment is
similar to that of the diet sources. Therefore it is
likely that detritus, as a result of processed diet
sources, has a significant contribution to the
sediment composition. These results confirm the
previous study by [30] that indicates similar
sim
low
assimilation patterns by comparing the isotopic
value of H. scabra’s
’s fecal pellet and its potential
diet source (Navicula ramossisima).
).

diet. The preference of the diet source can be
determined if the diet proportion reaches
minimum 30% [24]. These criteria do not meet
with the present study. Thus we expect that H.
scabra may have different diet preference
patterns.
Figs 3 and 4 show a shift in
n the proportional
contribution
of
the
sediment
(i.e.
a
higher sediment contribution in the fecal
pellets) as compared to other diet sources.
This might indicate that in combination with
a
low
assimilation
rate,
the
sea
cucumber consumes all of the diet sources
altogether
with
the
sediment
as
medium. However, only organic material is
assimilated, while the sediment is defecated
again. This is well in line with behavioral studies
which classify H. scabra as a deposit feeder,
burrowing in the sediment [35]. While it is known
that H. scabra extracts the diet from the sediment
[36], our study adds the fact that the sea
cucumber feeds the bulk of sediment and the
detritus of the diet sources, and then assimilates
the organic matter as soon as the bulk enters the
intestine. [36] reported that for
or farming sea
cucumbers, sea mud should be added to the
feeding formulation.

Very similar diet proportions of 9-15%
9
were
identified, when fecal pellet and H. scabra
intestine and body wallll are considered together
(Fig. 2). When only H. scabra samples are
considered, the sediment alone (sediment I, III, V
and VI, altogether) contribute up to 30-40%
30
(Fig.
3), almost equal with other diet sources. When
only fecal pellets are considered, the sediment
has a higher proportional contribution than other
sources (i.e. more than 60%) (Fig. 4). Looking
only at the non-sediment
sediment sources, which are all
very similar to each other, suggests that the sea
cucumbers do not have a real preference of the

Fig. 2. Proportion of diet sources, when fecal pellets and Holothuria scabra intestine/body wall
are considered altogether as dependent variable. Number I, IIII,
II, V and VI of the sediment refer
to different sampling sites similar to those where the sea cucumbers were obtained

5
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Fig. 3. Proportion of diet sources, when only Holothuria scabra intestine/body wall is
considered

Fig. 4. Proportions of diet sources,
sources, when only fecal pellets are considered
Evidence of the low assimilation rate by H.
scabra is also provided by analyzing the C/N
ratio of the tissue compared to diet source,
sediment and fecal pellet. The diet sources and

fecal pellets have a similar distribution of C/N mol
ratio (Fig 5), indicating that there are almost no
chemical changes .during the digestion process.
Some samples of the body wall of H. scabra and
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Fig. 5. Trend of C/N ratios of various diet sources, Holothuria scabra intestine and body wall,
sediment and fecal pellets. A C/N ratio of more than 20 is considered to point at terrigenousend members (terrestrial sources) according to [37]
the intestine show a C/N ratio value more than
80, indicating high concentrations of carbon. We
suspect the carbonate (e.g. contributed by
spicules may affect the carbon concentration, as
also proposed by [30]. The C/N mol ratio of
intestine and body wall of H. scabra tend to vary
(Fig. 5), which confirms the wide range of the
C/N ratio. Fig. 5 shows that C/N values of all diet
sources, fecal pellets, sediments and H. scabra
are more than 20, which indicates terrestrial
sources/ terrigenous-end members [37]. This
finding demonstrates a significant terrestrial
material input to the H. scabra daily life.

organic matter contained in the sediment is
similar to that of the diet sources. Sea
cucumbers ingest the bulk of the sediment and
the detritus of the diet sources, and then
assimilate the organic matter as soon as the
bulk enters the intestine. Due to the low
assimilation rates, we suggest for the mariculture
of H. scabra that the food should be
homogenized and then mixed into the sediment,
where the sea cucumber is cultured. While we
were not able to identify an optimum diet
composition, due to a low assimilation rate, and
due to analyzing only stable isotope signatures,
we suggest additional experiments, also with
other diet sources in order to optimize feed
composition.

Due to the low assimilation rates, we suggest for
the mariculture of H. scabra that the food should
be homogenized and then mixed into the
sediment, where the sea cucumber is cultured.
All of the low cost diet sources may be possible,
since there are apparently no clear diet
preferences. Most other sea cucumber species
however, seem to be able to select diet with high
nutrition from the environment [38].
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