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Introduction

Abstract: The overfishing of the sandfish Holothuria scabra is increasing due to its various
benefits, thus reducing its population in nature. This study aimed to examine sandfish's
length-weight relationship and condition factors on the North Coast of Sumbawa Island,
with sampling locations at two stations, Ai Limung (Pungkit Village), and Labu Prajak
(Batu Bangka Village). The study was conducted in September-October 2022. A total of
142 specimens were obtained from both stations, 122 samples at Ai Limung station (mean
length 9.22+2.12 cm; weight 43.34+25.07 grams). Then 20 samples at the Labu Prajak
station (mean length 13.69+3.74 cm; weight 88.70+60.06 grams). Growth patterns of each
research station are negative allometric, indicating the body length of the sandfish grows
faster than its weight. Condition factor at Ai Limung station Kn=1.03+0.26, Wr=1.030.26,
K=5.33+1.76, and at the Labu Prajak station Kn=1.05+0.28, Wr=104.88+27.83, K=3.27+1.14.
The results showed significant differences in length, weight, and fulton condition factor.
The mean body length and weight of sandfish at both stations are smaller than previous
study, indicating the earlier sign of overfishing. Meanwhile, the fulton condition factor
at Ai Limung station showed a higher value, which indicated the location was better,
with abundant food sources and fewer predators.

Keywords: Biometric information; Condition factor; Holothuria scabra; Length-weight
relationship; Sandfish; Sumbawa

Besides high price, sandfish sea cucumbers are
known for their extraordinary nutritional value that

Sea cucumbers are one of the most widely used
marine invertebrates from the phylum Echinodermata.
The economic value of these animals is enormous in
local and international markets. Since the expansion of
the use of sea cucumbers in various industries, especially
the medical industry, the annual harvest rate of sea
cucumbers has increased (Kautsari et al. 2019). The
sandfish (Holothuria scabra) is the most commonly caught
species of sea cucumber in the wild. This is because
sandfish (H. scabra) have a relatively higher and more
stable price when compared to other sea cucumber
species, especially in Asian markets (Abidin et al. 2019).
For example, in Guangzhou, China, 1 kg of sandfish is
priced on average at US$153 and in Hong Kong US$396
(Purcell et al. 2018), while in Indonesia the price can
reach to IDR 3-5 million/kg (Aprianto et al. 2020).

How to Cite:

bring benefits for humans. According to Ardiansyah et
al. (2020), sea cucumber Holothuria scabra is a valuable
source of nutrition due to its high protein content and
low fat content. In addition to its protein and fat content,
it is also rich in important minerals such as Calcium,
Sodium, and Magnesium, which are essential for
maintaining good health. Furthermore, Holothuria scabra
contains Glycine as its primary amino acid, which is
important for building and repairing tissues in the body.
Glycine also plays a role in regulating the immune
system and promoting healthy brain function.
Additionally, the fatty acid profile of Holothuria scabra is
dominated by Omega-6 and Omega-9 fatty acids, which
are essential for maintaining good cardiovascular health
and reducing inflammation in the body. Several studies
have identified additional benefits of sandfish, including
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their use as a natural source of aphrodisiacs, as potential
anti-aging agents in postmenopausal women, as
potential drugs that can improve men’s reproductive
quality (Riani et al. 2017; Hoang et al. 2022). As a source
of natural antioxidants, fucoidan, and triperten
glycosides, also have antibacterial, antifungal, and
antitumor properties (Hossain et al. 2022).

The demand for the sandfish (H. scabra) which
fluctuates and tends to increase from year to year will
result in high fishing efforts, where efforts to catch this
organism in the wild without considering its carrying
capacity will result in a severe population decline
(Hasan, 2019). Due to overexploitation and inefficient
management, sea cucumber fisheries have declined
drastically globally over the last decades (Conand, 2018).
Sandfish (H. scabra) is one of the species included in the
“endangered” category on the IUCN red list of
threatened species (Junus et al. 2018).

Sandfish (H. scabra) have been caught in many
regions in Indonesia, one of which is in Saleh Bay,
Sumbawa Regency. These areas are located in the
northern part of Sumbawa Island, the main collection
center for sandfish. According to Kautsari et al. (2019),
although sandfish have been harvested off the coast of
Saleh Bay for quite a long time, there still needs to be
more information and study data regarding this type of
sea cucumber. This is due to the need for more research
conducted in Saleh Bay, especially in the Sumbawa
region. However, there is still a lack of research on the
length-weight relationship, and condition factors of
sandfish.

The examination of the relationship between the
length and weight of fish, in this case sea cucumber, is a
crucial and advantageous pursuit for numerous reasons.
It allows for the acquisition of valuable data concerning
growth patterns, general health, life history, habitat
conditions, sea cucumber fatness, and morphological
characteristics of sea cucumber (Khalid et al. 2020). The
determination of length-weight relationships and
relative condition factors is particularly significant in
fishery assessment studies since it provides insights into
the growth, general wellbeing, and fitness of sea
cucumber within a marine environment. Furthermore,
these studies have considerable implications for the
management and conservation of natural sea cucumber
populations (Jisr et al. 2018). Thus, the main objective of
this study was to examine the length-weight
relationship, and condition factors of the sandfish H.
scabra caught around the northern coastal area of
Sumbawa Island.

Method

This research was conducted in September-October
2022 in two intertidal areas of Sumbawa Island, namely
in Ai Limung Hamlet, Pungkit Village (station A:
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8°24'12.50"S, 117°33'4.56"E), and Labu Prajak Hamlet,
Batu Bangka Village (station B: 8°26'23.66'"S,
117°33'53.09"E). The two research locations were
selected wusing a purposive technique. Primary
considerations were based on the results of literature
studies and pre-research interviews. It is known that
native peoples and migrants have long used these two
areas as the central location for searching for sandfish
with the local name Bantin Loto, either for sale or direct
consumption. The following is a map of the research
location on Sumbawa Island, Sumbawa Regency, NTB
Province (Figure 1).

N RESEARCH LOCATION MAP
SUMBAWA REGENCY
WEST NUSA TENGGARA PROVINCE

SCALE 1:80.000

0 0475 085 19 285 38
- —— —
Saleh Bay Miles.
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[ coastine

Village in Sumbawa Regency

Figure 1. Sampling Locations of Sandfish H. scabra A: Ai
Limung Hamlet, Pungkit Village; B: Labu Prajak Hamlet,
Batu Bangka Village, Sumbawa-NTB

The research procedure was adapted from Gamage
et al. (2021) direct measurements were made, namely in
the form of the length and weight of sandfish, using a
measuring ruler (accuracy 0.1 cm) and analytical scales
(accuracy 0.01 g). Determination of sandfish samples for
metric measurements using a random sampling
technique. Assuming the caught sandfish sea cucumbers
represent the overall population size. Sampling
locations were conducted in the intertidal zone, many
sea grasses occur and few corals, with a characteristic
sandy mud substrate. Sampling was carried out at night
with the help of fishermen, when the sea water receded
by direct catch.

Because of their elasticity, sea cucumbers can
lengthen and shorten themselves, and their body weight
can also vary depending on their physiological
conditions. Before measurement, the sandfish were
taken out of the water, then placed in a dry container for
about two minutes, and the water in their bodies drained
on their own. The outside of the body that is still wet is
wiped with a tissue or until dry enough so that it is
possible to determine the actual size of the sea
cucumber. This method is to anticipate the occurrence of
error at the measurement stage.
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Based on the length and weight data of the sandfish
H. scabra that has been collected, the data is analyzed
using simple linear regression to determine the
relationship between length and weight, then
calculating the condition factor. Analysis of the
relationship between the length and weight of the
sandfish H. scabra used the formula:

W=alP (1)
Description:
W = sandfish total weight (g)
L  =sandfish total length (cm)
a  =ordinat
b  =slope
Interpretation of the value of b as growth pattern as
follows:
b =3 (isometric)
b > 3 (positive allometric)
b <3 (negative allometric)

Correlation analysis of the relationship between length
and weight uses Pearson's correlation, with the
interpretation of the correlation as follows:

0.00-0.19 = very weak correlation

0.20-0.39 = weak correlation

0.40-0.69 = moderate correlation

0.70-0.89 = strong correlation

In this study, the condition factors analyzed were
limited to relative condition factors, relative weight
condition factors, and fulton condition factors. Relative
condition factor formula, follows:

w )
Kn = alb
Description:

Kn = relative condition factor
W =sandfish total weight (g)
L  =sandfish total length (cm)
a  =ordinat

b  =slope

Relative weight condition factors formula:

TW 3)
W, = — x 100
WS
Description:

Wr = relative weight

TW = sandfish total weight (g)

Ws = standard weight, obtained via Ws = a LP
Fulton condition factor formula:

w )
K =75 X 100

Description:
K = fulton condition factor
W =sandfish total weight (g)
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L  =sandfish total length (cm)
3 =length coefficient or correction factor

Statistical Analysis

Differences in mean body length, weight, and
condition factors for sandfish H. scabra were tested using
the classical assumptions of normality and homogeneity
of variance using the Shapiro-Wilk and Levene tests. If it
meets the classical assumptions, further tests are
performed using independent parametric statistical t-
tests. If it does not meet the classical assumptions, the
Mann-Whitney non-parametric test will be used.

Result and Discussion

Length-Weight Relationship Sandfish Sea Cucumber H.
scabra

Sandfish H. scabra samples obtained from the two
study locations totaled 142 specimens. There were 122
individuals around the intertidal waters of Ai Limung
station and 20 individuals around the area of the
intertidal waters of Labu Prajak station. The mean length
of H. scabra caught at Ai Limung station was 9.26 + 2.12
cm, while the mean weight was 43.34 £ 25.07 grams, with
a body length range of 5.4-18.9 cm, and the weight range
is 7.84-149.37 grams. Meanwhile, at the Labu Prajak
station, higher results were found. Namely, the mean
length of H. scabra caught was 13.69 + 3.74 cm, with a
mean weight of 88.70 + 60.06 grams, then a range of 7.0-
20.3 cm and weight between 18.23-216.1 grams. Based
on the results of the Mann-Whitney test, there were
significant differences in the length and weight of H.
scabra at the two study sites (Table 1).

Table 1. The Number of Samples, the Mean Body Length
and Body Weight of Sea Cucumbers H. scabra at the Two
Study Sites

. Mean + SD
Station n Body length (cm) Body Weight (gr)
Ai Limung 122 9.2242.12a 43.34425.07 2
Labu Prajak 20 13.6943.74b 88.70+60.06

Note: Different superscript letters in the same column indicate
a significant difference (p<0.05)

This difference is perhaps because the sandfish H.
scabra caught at Labu Prajak was at a slightly deeper
depth of seawater than the sandfish caught at Ai Limung
with shallow water conditions. In addition, Labu Prajak
station has aquaculture activities, a marine restaurant,
and very close to settlement which might contribute
unused feed waste and household waste, which are then
consumed by sandfish sea cucumbers, and it might
contribute to a larger mean body size on this station.
Meanwhile, Ai Limung station has no similar
anthropogenic activity like Labu Prajak station.

Beside differences in mean body length and weight,
there were significant differences in the number of H.
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scabra samples found. Furthermore, the mean body
length and body weight of sandfish H. scabra in this
study were smaller when compared to previous studies;
for example, the mean body weight of H. scabra in Papua
New Guinea, Oman, and India were 300 grams,
Australia was 335 grams, and Egypt was 500 grams.
While the mean body length of H. scabra in Papua New
Guinea, Oman, India, and Australia is 19-25 cm, and in
Egypt is 37 cm (Yussuf & Yahya, 2020). This may be a
sign of overfishing and overexploitation due declining
population in this area, especially on Labu Prajak
station.

Labu Prajak station has long been regarded as the
first catchment area for sea cucumbers, followed by Ai
Limung station later. The lack of regulation in fishing
practices has also been identified as a contributing factor
to the declining population. This has led to a similar
pattern of fishing behavior at the nearby Ai Limung
station. Due to their proximity, the Ai Limung station is
also susceptible to the same pressures and risks as the
Labu Prajak station. Furthermore, according to the
confessions of some fishermen at the study site, juvenile
sandfish measuring 4-6 cm and weighing 10-20 grams
were also caught, although this size was not recorded in
this study. This fishing behavior could lead to smaller
catch sizes. These findings are consistent with recent
findings by Yanti et al. (2020), sandfish are now reaching
maturity at a smaller size than what was previously
recorded. This decrease in the size at which they reach
maturity may indicate that overfishing has occurred, as
smaller sizes at maturity can be a biological indicator of
fishing pressure. Yussuf & Yahya (2020) also state that
differences in the size of H. scabra from different
populations or countries can be associated with
differences in environmental factors such as food
availability, fishing pressure, and water depth when
sampling.

Based on the results of the calculation of the length-
weight relationship of H. scabra from the two study
locations, the equation W=0.2980 L2199, the correlation
of the length-weight relationship (r)=0.8748 (strong
correlation), and the value of the -coefficient of
determination (R2?) = 0.8109 or 81% at Ai Limung station.
Whereas at the Labu Prajak station, the equation W =
0.2154 122416, the correlation of the length-weight
relationship (r) = 0.8826 (strong correlation), and the
value of the coefficient of determination (R2) = 0.8246 or
82%. The values of the coefficient of determination
resulting from the calculation of the length-weight
relationship from the two research locations indicate
that the body weight of H. scabra can be used to predict
its actual body length, and based on the regression
analysis, the body length of sea cucumbers has a
significant effect on body weight gain.

The b value can be obtained from the above
equation, namely b =2.1950 at the Ai Limung station and
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b = 2.2416 at the Labu Prajak station; both values are
below three (b<3), which means the growth pattern is
negative allometric. This growth pattern indicates that
H. scabra's body length increased faster than its body
weight. The results of the calculation of the length-
weight relationship and the growth pattern of H. scabra
at each study location are presented in Table 2, and
graphs of the regression analysis of the length-weight
relationship are presented in Figure 2 and Figure 3.

Table 2. Length-Weight Relationship (LWR) and
Growth Pattern of H. scabra at Each Study Sites

Station a b r R2 Growth Pattern
Ai Limung 0.2980 2.1950 0.8747 0.8109 Negative
allometric
Labu Prajak 0.2154 2.2416 0.8826 0.8246 Negative
allometric
200
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Figure 2. Length-Weight Relationship of Sandfish H. scabra on
Ai Limung Station
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Figure 3. Length-weight relationship of Sandfish H. scabra on
Labu Prajak station

These growth pattern of H. scabra in both locations
have a similarity with previous study, which states that
the growth pattern or the mean b value of H. scabra
species is below 3, for example in Central Maluku-
Indonesia b=1.662 (Manuputty, 2019), Zanzibar-
Tanzania b=1.288-1686 (Yussuf & Yahya, 2020), Fiji
b=2.5807 (Lee et al. 2018), and Oman b=1.22-1.88 (Al
Jufaili et al. 2021). According to Azevedo e Silva et al.
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(2021), negative allometric growth is a common
phenomenon in sea cucumbers, which has been
observed across most of the species. In this type of
growth, sea cucumbers tend to increase in length more
than their relative volume. It is believed that this pattern
of growth serves as an adaptive strategy for sea
cucumbers to increase their surface area to volume ratio
as they grow. Since sea cucumbers rely on their body
surface for important functions such as respiration,
feeding, and excretion, increasing their surface area is
essential. By becoming more elongated, sea cucumbers
can achieve this without increasing their volume at the
same rate, which allows them to perform their
physiological functions more efficiently. Furthermore,
Madruga et al. (2023) state that another advantage of
negative allometric growth is that it helps sea cucumbers
conserve energy as they grow. By investing more in
length than in weight, they can reduce the amount of
energy needed to maintain their body functions, which
can be particularly crucial in environments where food
is scarce.

The pressure of environmental change has also may
be influenced these results. The two research locations
have become new tourist destinations in Sumbawa
Regency, especially Labu Prajak station which will later
bring in anthropogenic pollutants. However, this
assumption still requires supporting data. Many factors
related to water pollution strongly influence the length-
weight relationship, although this is still limited to fish
species research only (Nur et al. 2020). In addition,
studies on the length-weight relationship of the same
species in different locations also show highly variable b
values (Dinh et al. 2022), influential factors are food
availability (quality, quantity, and size), seasonal
variability of the environment, salinity, water
temperature, sex and stage of maturity or sampling size
(Famoofo & Abdul, 2020).

Condition Factor

Condition factor data were obtained from the
results of length-weight relationship analysis. Condition
factors can provide information about the health of
aquatic organisms, their communities, and the quality of
their habitat and ecosystem (Veronika et al. 2018).
Relative condition factors, relative weight, and H. scabra
fulton condition factors at both study locations are
presented in Table 3.

Table 3. Relative Condition Factors, Relative Weight
Condition Factors, and Fulton Condition Factors of
Sandfish H. scabra in Both Study Locations

Station Kn Wr K
Ai Limung 1.03+0.26 103.42+26.05 5.3311.762
Labu Prajak 1.05+0.28 104.88+27.83 3.27+1.14b

Note: Different superscript letters in the same column indicate
a significant difference (p<0.05)
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At Ai Limung station, the relative condition factor
(Kn) with a value range of 0.43-1.87 (mean 1.03 £ 0.26),
relative weight condition factor (Wr) with a value range
of 42.80-187.17 (mean 103.42 * 26.05), and condition
factor fulton (K) with a value range of 1.97-12.21 (mean
5.33 £1.76). Whereas at Labu Prajak station, the relative
condition factor (Kn) and the relative weight condition
factor were found to be higher with a value range of
0.33-1.46 (mean 1.05+0.28), and 32.54-145.94 (mean
104.88 + 27.83). However, the fulton condition factor (K)
was lower than at the Ai Limung station, 0.87-5.31
(mean 3.27+1.14). Based on the results of the Mann-
Whitney U test, there is no significant difference in the
relative condition factor (Kn) and the relative weight
condition factor (Wr). In contrast, in the fulton condition
factor value (K), there is a significant difference (p<0.05)
(Table 3).

Although there was no significant difference, the
relative condition factor (Kn) at both stations was above
2 1, indicating that the sea cucumbers at both stations
were in sufficient nutritional condition. The results are
the same for the relative weight factor (Wr), which
shows that the two research stations are above > 100. If
the relative weight condition factor is above 100, this
indicates a surplus amount of food and few predators in
their natural habitat (Ul Hassan et al. 2020). This
condition factor is also influenced by abiotic and biotic
factors, also anthropogenic factors such as exploitation
and the fishery resources management status of the
species (Manuputty, 2019; Vander Bloemen et al. 2020).

The fulton condition factor at both research stations
was above 3, so it can be seen that the sample of sandfish
H. scabra in this study came from populations that both
had excellent physical condition and came from a
healthy environment (Yussuf & Yahya, 2020). However,
there is a significant difference between the two, the Ai
Limung station has a much higher fulton (K) condition
factor than the Labu Prajak station. This result could
indicate that the Ai Limung station has a more fertile
habitat than the Labu Prajak station. High condition
factor values indicate the presence of protein, high fat,
and abundant carbohydrates in these waters (Afdhila et
al. 2019), also high abundance of detritus, which is one
of primary food sources of sea cucumbers (Zhang et al.
2023). The high value of the condition factor is based on
the number of organisms present, the availability of
food, and the conditions of the aquatic environment
(Afdhila et al. 2019).

Ideal aquatic environmental conditions can support
the sandfish H. scabra's growth. This result can also
indicate water quality parameters in the habitat for
living of sandfish sea cucumbers is within the optimal
range (Manuputty, 2019; Meirinawati et al. 2020). The
water quality parameters measured in this study are
supporting data to describe the condition of the waters
when the sandfish H. scabra was found (Table 4).

1691



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Table 4. Range of Water Quality Values Each Research
Locations

Minimum-maximum value

Water Quality Parameter AiLimung Labu Prajak

Station Station
Temperature (°C) 27.80-31.70 29.00 - 32.20
Water depth (cm) 20.00 - 100.00  62.00 - 125.00
Salinity (ppt) 32.00 - 34.00 30.00 - 33.00
Dissolved Oxygen (mg/1) 551-7.14 5.37 -7.06
pH (unit) 8.29 - 8.62 8.10-8.43
Water current (m/s) 0.00 - 0.10 0.00 - 0.10
Water brightness (cm) 76.00 - 99.00 45.00 - 63.00

The temperature at Ai Limung station is in the
range of 27.8-31.7, and at Labu Prajak station is in the
range of 29.0-32.2. Oxygen consumption and activity of
metabolic enzymes are continuously affected by
temperature. Prolonged exposure to 33 °C causes
metabolic changes, which are indicated by changes in
oxygen consumption and enzyme activity. In
experiments at 22-38°C H. scabra could still positively
maintain aerobic capacity, with optimal temperature
ranges between 29-31.5°C (Kithnhold et al. 2019).

Ai Limung station's water depth is 20-100 cm (0.2-1
m), and Labu Prajak station's is 62-125 cm (0.6-1.2 m).
The distribution of sea cucumbers is extensive in several
seawaters with a depth of 1-40 m (Liubana et al. 2022;
Matrutty et al. 2021). Sea cucumbers live in shallow or
intertidal water habitats, in addition to deeper waters
with seaweed, sandy and muddy substrates (Liubana et
al. 2022).

Salinity at Ai Limung station is 32-34 ppt, while at
Labu Prajak station, it is 30-33 ppt. The salinity findings
at the Labu Prajak station are slightly different from
previous studies, the optimum salinity for H. scabra is 32-
34 ppt. However, H. scabra is known to have a greater
tolerance limit for salinity than other sea cucumber
species; it can be up to 47 ppt (Tuwo et al. 2021).

Dissolved oxygen at Ai Limung station is 5.51-7.14
mg/1, and at Labu Prajak station is 5.37-7.06 mg/1. These
findings are similar to previous studies; sandfish sea
cucumber can grow optimally in the range of 5-6 ppm
dissolved oxygen (Manuputty, 2019). According to
Magcanta et al. (2021), sandfish H. scabra can still grow
well at dissolved oxygen with a concentration of 5.18 -
9.36 ppm.

The range of pH values at each station is Ai Limung
8.29-8.62 and Labu Prajak station 8.10-8.43. Sandfish sea
cucumber can live at a pH with optimal conditions in the
range of 7.5-8.5. However, if the pH is above 9 or below
6, the growth of sandfish H. scabra will be disrupted
(Meirinawati et al. 2020).

The water current at both stations is in the range of
0.0-0.1 ms?, which indicates a minimal current strength.
Sandfish sea cucumbers prefer to live at low and
relatively stable current speeds to avoid stress and save
energy (Lin et al. 2020). Water current is also an indicator
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of water quality, which positively correlates with the
abundance of sea cucumbers in nature, apart from
temperature, pH, total nitrogen, phosphate, and C-
organic (Susetya et al. 2020).

In terms of water brightness, the Ai Limung station
was found to have better brightness than the Labu Prajak
station, which was in the range of 76-99 cm (76-99%),
while the Labu Prajak station had lower water
brightness in the range 45-63 (36-50%). This is alleged
because the Labu Prajak station has become a more
vibrant and bustling tourist destination. This station also
is very close to settlements, and there are aquaculture
activities. A good level of water brightness is in the range
of 60-100 cm, meaning that sunlight can still penetrate at
a depth of 60-100 cm (Dewi et al. 2022). Good sunlight
penetration can optimize photosynthesis so that it can
affect water fertility (Boyd, 2019).

Conclusion

Based on the analysis of the length-weight
relationship and condition factors of the sandfish H.
scabra on the North Coast of Sumbawa Island, it can be
concluded that the two growth patterns of each research
station are negative allometric which indicates that the
sandfish sea cucumber's body is growing faster than its
body weight. Statistical analysis showed significant
differences in mean body length, mean body weight, and
fulton condition factor. The mean body length and
weight of sandfish at both stations is smaller than
previous study, indicating the earlier sign of overfishing.
Meanwhile, the fulton condition factor at Ai Limung
station showed a higher mean than Labu Prajak station,
which indicated that the location was more fertile or
suitable, with abundant food sources for sandfish and
fewer predators.
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