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ABSTRACT

A year study on the density and population growth parameters of the sea cucumber Holothuria (Halodeima)
atra (Jaeger, 1833) of two microhabitats (seagrass meadow and rubble with macroalgae) were carried out in
Jepara waters, Indonesia. A Complete enumeration or total sampling was applied in which the samples of
sea cucumber were counted, measured for their length then put them back in their habitat. The population
parameters were determined using FISAT II. The population of H. atra was found all year-round (October
2017 to October 2018) in seagrass meadow habitat, but only found during October 2017 up to April 2018 in
the rubble with macroalgae habitat with a mean density of 0.047±0.012 indv.m-2 and 0.044 ±0.024 indv.m-2

respectively. Sea cucumber total length varied from 3 to 40.53 cm and 9.31-42.87 cm in seagrass and rubble
habitat, with uni-modal and up to three-modal distribution. The growth parameters were L 40.95 and
44.10 cm in both microhabitats. Individual growth coefficient (K) and the theoretical age at zero-length (to)
in seagrass and rubble habitat were 1.11; -0.805 and 2.1; -0.403 respectively. Although there has been very
little sea cucumber catch fisheries in the area, the density tends to decline. The asexual reproduction by
fission of H. atra showed to produce small individual which gave effect to populations growth in seagrass
meadow but not in the rubble with macroalgae habitat.
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Introduction

Declining natural populations of sea cucumbers
(Holothurians) had been widely reported in various

places (Price et al., 2010; Glockner-Fagetti et al.,
2016). The low density of sea cucumber and the
small number of young individuals which are
greatly affected by recruitment were some signs of
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the decline (Glockner-Fagetti et al., 2016). Uncon-
trolled poaching, overexploitation and lack of good
management of its natural population were the
main causes of the damage (Price et al., 2010). A
rapid decline in their population in a long period
due to market-driven will lead to the extinction of
its population in nature (Purcell et al., 2014).

Holothurians were also very important members
of benthic communities as they can cause significant
changes in the seafloor sediment composition. Since
sea cucumber had high economic value, demand
and were harvested intensively (Bordbar et al.,
2011), in turn, this pressure might affect their popu-
lation dynamics and size structure. Sea cucumber
population dynamic parameters include growth, re-
cruitment, and mortality, and a change in any pa-
rameter will affect population size structure and the
number of animals available for harvest. Therefore,
data on sea cucumber population dynamic param-
eters were needed for effective management and
conservation (de Jesús-Navarrete et al., 2018;
Quratulan et al., 2018).

Inhabit in shallow water, initial assessment on H.
atra population in Panjang Island, Jepara Regency
has been done by Hartati et al. (2019a). In this island,
they inhabited in two microhabitats, i.e. in seagrass
meadow dominated by Cymodocea serrulata and
rubble with macroalgae Padina australis. Although
in these locations H. atra has not been intensively
exploited, the population may change all year
round, therefore the information on sea cucumber
density and their population dynamics were neces-
sary to be determined. This study aimed to analyze
H. atra density, population size structure, growth
parameters, mortality, and exploitation rates in two
microhabitats in Panjang island, Jepara, Indonesia.

Materials and Methods

The research was conducted in Panjang Island wa-
ters, Jepara Regency, Indonesia from October 2017
to October 2018. Sea cucumber of Holothuria
(Halodeima) atra (Jaeger, 1833) samples were caught
monthly at two microhabitats, i.e. in seagrass
meadow dominated by C. serrulata (06°34’32.8"S
and 110°37’54.0"E) (A) and rubble with macroalgae
P. australis (06°34’27.8"S and 110°37’52.3"E) (B) as
had been surveyed for initial assessment by Hartati
et al., 2019a) (Fig. 1). During those previous studies,
the sampling sites had been tracked and plotted us-
ing ArcGIS application on the area of 5562.4 m2 and

1554.8 m2, respectively. The samples of H. atra were
taken using Complete Enumeration or total sam-
pling (FAO, 1998), placed in mesh bags, transported
to the boat, and put in cooler seawater to produce
relaxation in the organisms which were then mea-
sured for their length and put them back in their
habitat.

The population density of each microhabitat was
calculated by dividing the number of sample with
the area of each microhabitat. For each sampling
date, sea cucumbers counts were grouped in 3-cm
length size intervals and plotted into length size
graph. Data then were calculated the parameters of
the von Bertalanffy growth model (Ricker, 1975)
using the computer software FiSAT II (Gayanilo et
al., 2005). The following routines were used Powell
Wetherall (to estimate L), Shepherd (to estimate K,
individual growth coefficient), and Pauly’s (1984)
empirical equation (to obtain to, the theoretical age at
zero-length). Total mortality (Z) was calculated by
the catch curve, natural mortality was obtained ac-
cording to Pauly´s equation; whereas exploitation
rate was calculated with E = F/Z, and considering
that Eoptims occurs when F = M (Gayanilo et al., 2005).

Results and Discussion

Density and Size class distribution

A total of 2854 and 341 individual of sea cucumbers
were collected from two selected microhabitat,
seagrass meadow and rubble with macroalgae re-

Fig. 1. Map of sampling stations in Panjang Island,
Jepara, Indonesia (seagrass meadow/A and rubble
with macroalgae/B

B. Rubble with 
macroalgae

A . Seagrass
bed
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spectively from October 2017 to October 2018. The
sea cucumber presents only five months in rubble
habitat. During January and February 2018, the
weather was so rough that we could not reach the
island and sampling could not be conducted.  The
density of H. atra on seagrass meadow almost the
same with rubble macroalgae microhabitat, in a
range of 0.030-0.070 indv. m-2 or 300-700 indv. ha-1

and 0.40-0.69 indv.m-2 or 400-690 indv. ha-1 respec-
tively. Overall mean density of H. atra were
0,047±0,012 indv.m-2 and 0.044 ±0.024 indv.m-2 in
seagrass meadow and rubble macroalgae, respec-
tively (Table 1). It was slightly higher than in
Arreceffi Island, Honda Bay, Palawan, Philippines
(0.0003 indv.m-2; Jontila et al., 2017). The density dif-
ferences among locations could be caused by differ-
ent sampling methods. Other factor which lead to
underestimating densities was heterogeneous and
patchy distribution of sea cucumber (López-Rocha,
2011; de Jesús-Navarrete et al., 2018).

In tropical regions, such as in Panjang Island,
seagrass beds and colony of dead coral with
macroalgae were part of coral reef ecosystems, or
was a formation in front of a mangrove stand. Those
regions were the microhabitat of H. atra. Not like
other sea cucumber that are hiding under a rock or
other substrate during the day, H. atra was always
above the substrate surface, both day and night, coat

themselves with fine sand grains. In the shallow
waters it was often being the dominant species and
present in high density. Observation in Indonesia
Waters, such as in Bakaheuni waters, Lampung, H.
atra also showed the highest abundance (Setyastuti
et al., 2018).

In both microhabitats, H. atra generally com-
prised one and two size classes, tended to be domi-
nated by one, but there were three size class in
rubble habitat during October 2017. Sea cucumber
caught during the study comprised young and
adult classes but were dominated by the adult
group. Sea cucumber in seagrass meadow was
smaller than in rubble habitat, average length in
seagrass meadow and rubble habitats were 13.09-
18.60 cm and 16.27-36.46 cm, respectively (Table 1).
There were few smaller individuals (less than 6 cm),
and the characteristic of regeneration either in ante-
rior or posterior parts as a result of asexual repro-
duction (Fission). Study on fission of H. atra in the
same location has been reported elsewhere (Hartati
et al., 2019b).

According to number of group data presented in
Table 1, the size structure of H. atra in microhabitat
of seagrass meadow was unimodal, with a median
size of 15.63 cm and a range from 3.0 to 40.53 cm,
this might indicate a constant recruitment to the
populations (Avalos-Castillo et al., 2017).  The

Table 1. The number of groups, length mean and number in each group, and their density for sea cucumber Holothuria
atra size structure classes in two microhabitat

Month Number of group Number (indv.)
Length Means (cm) ± SD Density (indv.m-2)

Seagrass Rubble Seagrass Rubble Seagrass Rubble Seagrass Rubble
meadow  with meadow with meadow with meadow with

macroalgae   macroalgae   macroalgae   macroalgae

October 2017 1 3 18.60±3.76 22.67±3.28 369 77 0.066 0.069
27.33±2.33 22
36.46±3.01 9

November 2017 1 2 18.57±3.95 16.27±2.47 387 32 0.070 0.055
25.20±3.02 54

December 2017 1 1 16.51±3.77 19.86±4.96 243 64 0.044 0.041
March 2018 1 1 13.75±3.14 17.22±3.81 257 41 0.046 0.040
April 2018 1 2 14.72±3.03 16.33±3.04 303 16 0.054

25.32±2.34 5
May 2018 1 16.21±3.33 206 0.037
June 2018 1 14.74±3.53 274 0.049
July 2018 1 13.1±2.59 240 0.043
August 2018 1 16.44±3.22 167 0.030
September 2018 1 13.09±3.27 192 0.035
October 2018 1 16.26±3.58 216 0.039
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smaller individu in this area might be due to
asexual reproduction of this fissiparous species
(Hartati et al., 2019b). Although the relationship
wass not a clear, Thorne et al. (2013) and Lee et al.
(2008) stated that asexual reproduction played a
major role in H. atra population dynamics. While in
rubble with macroalgae microhabitat, H. atra were
only found during 5 months (Table 1) and had more
varies size structure (1, 2 and 3 size structure).  The
average length was 20.19 mm and in range of 9.31-
42.87 cm. For most sea cucumbers, including H. atra,
distribution was associated with feeding and pro-
tection (Dissanayake and Stefansson, 2012). The
large size individu in rubble with macroalgae mi-
crohabitat indicated that they were more withstand
to more opened water.  Their disappearance in this
microhabitat could be due to capture fisheries done
by fisher since they were more likely to be spotted
by fisher so easier to be caught. In their study
Thorne et al. (2013) revealed that juveniles of sea cu-
cumber with a mean length around 65 mm released
on sand moved less and grew faster than juveniles
released in seagrass beds or on substrata of shells
and crushed coral.

Growth parameters, Mortality and exploitation
rate

The von Bertalanffy growth function (VBGF) coeffi-
cient (K) and the theoretical age (to) of sea cucumber
inhabit in rubble macroalgae were greater than
those of seagrass meadow, same as their length as-
ymptote (L) (Table 2). This meant that the growth
rate of sea cucumber in rubble macroalgae habitat

exceeded that of seagrass meadow and that the
length asymptote of H. atra live in rubble
macroalgae habitat was longer (Table 2). The VBGF
was Lt=40.95(1-e-1,1[t+0.9577]) and Lt=44.10(1-e-2,1[t+0.4028])
for sea cucumber inhabitat in seagrass meadow and
rubble macroalgae respectively. The growth curves
of H. atra in both habitats were presented in Figure
2. Overall sea cucumbers in rubble macroalgae were
dominated by large individual (9.31–42.87 cm).

Fig 2. Growth rate curve of Holothuria atra in seagrass
meadow (A) and rubble macroalgae(B) microhabi-
tat of Panjang Island of Jepara-Indonesia.

Table 2. Parameters of VBGF, length infinity (L), growth coefficient (K) and maximum age (tmax) for H. atra at two mi-
crohabitats of Panjang island, Jepara-Indonesia

Microhabitat Parameters of  VBGF

L” (cm) K (year-1) To (year) Tmax (year)

Seagrass meadow 40.95 1.1 -0.805 10
Rubble macroalgae 44.1 2.1 -0.403 7

Table 3. Mortality and exploitation rate of Holothuria atra live in seagrass meadow and rubble macroalgae microhabi-
tat of Panjang Island-Indonesia.

Mortality Parameter Seagrass meadow Rubble macroalgae

Total mortality rate (Z).Year-1 0.62 3.39
Natural mortality rate (M). Year-1 1.77 2.65
Fishing mortality rate (F). Year-1 -1.15 0.74
Exploitation rate (E). Year-1 -1.86 0.22

Total mortality and fishing pressure on H. atra in
seagrass meadow habitat were lower than those of
rubble macroalgae, but H. atra’s in rubble
macroalgae natural mortality exceeded that of in
seagrass meadow.  Overall, the exploitation rate for
H. atra in seagrass meadow was lower than for
rubble macroalgae microhabitat (Table 3; Figure 3).

This present work determined for the first time
the population growth of H. atra. Comparing two
microhabitats and it was revealed that they grew
faster in the rubble with macroalgae rather than in
seagrass meadow which was showed by length as-
ymptote and the VBGF coefficient (K) (see Table 2).
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Tmax in rubble with macroalgae microhabitat was
lower than other microhabitat, it was represented
their mortality value (Table 3). Poot-Salazar et al.
(2014) stated that population growth rate of sea cu-
cumber was enhanced when environmental condi-
tions were favorable and the organisms accumu-
lated energy for an eventual reproduction season.
The total, natural, and fishing mortality of H. atra in
rubble with macroalgae microhabitat showed
higher (Figure 3) and even there were no more
individu alive in those microhabitats after April (see
Table 1). The cause of high natural mortality in H.
atra was mortality of sexual recruits (Thorne et al.,
2013). In more open waters like in rubble microhabi-
tat in Panjang Island were more affected by adverse
environmental conditions and food availability. The
storm and food scarcity had shown to give impact
on the mortality of sea cucumber (Poot-Salazar et al.,
2014).

Fishing mortality was related to exploitation rate.
Exploitation rate in rubble microhabitat was higher
than inseagrass meadow (Table 3). Although H. atra
belong to low-value species, whichin another area
such as Lampung (Setyastuti et al., 2018) no
longerinteresting to look for, but in Jepara region as
well as in Karimunjawa Island, the demand of this
species recently was increased (Mustagfirin and
Hartati, 2016). Therefore, the information on its bio-
logical information and fishery was very important
in order to establish the first management measures
for the resource exploitation.

Conclusion

The population size structure of Holothuria atra in
Panjang Island,Jepara varied among the sampling
periods, and consisted of one to two size groups
dominated byadults. The growth of sea cucumber in

seagrass meadow was lower than that of rubble
habitat. The exploitation rate of sea cucumber in
these waters was low due to their low economic
value.
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