
International Journal of Applied Environmental Sciences 

ISSN 0973-6077 Volume 14, Number 1 (2019), pp. 53-62 

© Research India Publications 

http://www.ripublication.com 

 

 

Growth and stock analysis of Stichopus quadrifasciatus 

(Echinoderm: Holothurians) in Karimunjawa waters, 

Central Java Province, Indonesia 
 

Bambang Sulardiono1*, Max Rudolf Muskananfola1 

1Department of Aquatic Resources, Faculty of Fisheries and Marine Science, 
Universitas Diponegoro, Tembalang, Semarang 50275, Indonesia. 

 

Abstract 

Stichopus quadrifasciatus (Massin, 1999) is one of sea cucumber species of 

the important fisheries resources in Karimunjawa, Central Java Province,  

Indonesia which is experiencing a decline in population due to overfishing. 

The objective of this study is to predict the growth  and exploitation rates of S. 
quadrifasciatus in the Karimunjawa waters. Samples were collected bimonthly 

by applying systematic random sampling during 12 months period. The results 

show that S quadrifasciatus has K value of 0.33 per yr  with a value of L ∞ 

reached   387.25 mm, and has life span of 8.8 yr with body length size of 

285.66 mm in 8 yr and in 9 yr the size becomes 294.04 mm. Therefore, the 

growth of this species tends to decline and with a relatively long lifespan. In 

addition, the total mortality (Z) of S. quadrifasciatus is 0.717; the natural 

mortality (M) is 6.963 and the rate of exploitation si (E) is 0.906. Referring to 

the government standard, the exploitation rate of this species is already 

reached the upper limit which is 0.5. Therefore, addition to the population will 

not be able to replenish their reproductive capacity, and will not give any 

substantial effect on the sustainability of the stock of sea cucumbers. This, in 

turn, will influence the production systems of raw materials of sea cucumbers 

in Karimunjawa, Central Java Province. 
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1. INTRODUCTION 

The use of sea cucumbers (holothurians) as a food item and a commodity began in 

China about 1000 yr ago, which encouraged the development of capture fisheries in 

the region. However, the rising demand of the  markets in Asia has led to the 

depletion of local sea cucumber populations and prompted Asian traders to solicit sea 
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cucumbers from locations further afield [1–3]. Teripang is sea cucumber local name 

in Indonesian, which is one of the members of the phylum Echinodermata and 

Holothuroidea class. Sea cucumbers move slowly  [4] and have relatively long life 

span which is  approximately  5 to 10 yr [5]. The sea cucumbers have important 

commercial value and a relatively high price. They are used as raw materials for 

nutritious and healthy food (Beche-de-mer).  Because sea cucumbers are in high 

demand by people especially in Europe, it is likely that the global market demand for 

sea cucumbers increases. On the other hand, the availability of commercial sea 

cucumbers in Indonesia is relatively limited, and is recorded that there are about 24 

species of them [6]. Some species that have high commercial value include 

Holothuria scabra (Jaeger, 1833) (local name: white sea cucumber), Holothuria 
nobilis (Salenka, 1867) (local name: Suckler Sea Cucumber), and Holothuria ananas 
(Jaeger, 1833) (local name: Pineapple Sea Cucumber).  

In the global trade, Indonesia is one of the main producers of sea cucumbers. 

Karimunjawa, located in Central Java Province, is one of the central areas of 

producing raw materials using sea cucumbers in Indonesia. To be able to meet the 

demand for raw materials of sea cucumbers, the local fishermen exploit sea 

cucumbers species as targets without control in maintaining the availability of 

populations in nature. Generally, there is uncertainty over the sea cucumber resource 

catch.  

The uncertainty of the catch rights encourages the higher possibility of risk in 

population reduction and the increasing scarcity of the numbers of both target and 

non-target species. Another problem is the possibility of sea cucumber overfishing. 

As the population density decreases, worsened by relatively slow movement of sea 

cucumbers, and the fact that its reproductive factors depends on the environmental 

conditions as the habitat the reproduction rate will not be able to counterbalance 

despite the additional population in an area and in certain seasons. In other words, 

with the continuous yr-round sea cucumbers catching, is expected that the 

reproductive capacity will not be replenished in the production yr. Evidence of the 

tendency of the decreasing numbers of sea cucumber populations in both individuals 

and species per unit area in some areas of Indonesia has previously been reported by 

several researchers [7, 8]. The same condition was also found in the waters of the 

Karimunjawa islands [9]. 

The problems that have been developed in Karimunjawa, Central Java Province, 

Indonesia, today is the decline in stocks and the scarcity of sea cucumber target 

species, population decline quantitatively become a threat to the preservation of sea 

cucumber resources, so that the needs of future sea cucumber product raw materials is 

hampered. The increasing scarcity of high commercial species in the Karimunjawa 

waters, especially sea cucumber H. scabra, H. nobilis and  H. ananas as described 

above, causing the fishing communities consider to other species as the target catch, 

which is S. quadrifasciatus. However, if it is not anticipated early on, this next species 

will suffer the same fate, which is becoming rare or extinct. One resource 

management strategies in order to remain in advance of sea cucumbers to ensure the 

preservation and sustainable utilization, it is necessary to control the protection of 



Growth and stock analysis of Stichopus quadrifasciatus (Echinoderm: Holothurians)… 55 

these resources. Therefore the condition necessitates studies on sea cucumbers S. 
quadrifasciatus growth in Karimunjawa waters, Central Java Province so that 

management strategies can be developed based on the related information obtained. 

Sustainable supply or raw materials of the commercial sea cucumbers can therefore be 

expected.  

The objective of this study was to predict the growth rate and the exploitation rate of  

S. quadrifasciatus in the Karimunjawa waters, Central Java Province. 

 

2. MATERIALS AND METHODS 

2.1 Data Collection 

The sampling techniques used was a systematic random sampling. The study was 

conducted in Karimunjawa waters from coastline to a depth of about 10 m (see Fig. 

1), from July 2010  to  May 2011, at position E 110° 24.717 '- S 05° 53, 173'. 

Morphometric and length frequency data of sea cucumbers observed  from five 

stations in Karimunjawa waters. Sampling was limited to a depth of 10 m, in which as 

many as 40 individuals were taken. Samples were preserved with MgCl2 in plastic 

containers. The body length of sea cucumbers, were then measured according to the 

time of sampling. Identification of species of sea cucumbers was based on 

characteristics body morphology of the sea cucumbers, using the guidebooks from 

Clark & Rowe [10]. 

 

Figure 1. Map of research location (Adapted from Bathymetry Map on Water depth 

published by (Dishidros, TNI-AL, 2002). 
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2.2 The Growth Analysis 

The growth parameters estimation was analyzed using the frequency of length data of 

the sea cucumber body (body wall), with Von Bertalanffy model [11], while the 

analytical tool used was program FISAT II [13]. Age estimation calculation describes 

the sea cucumber body length as a function of age (t) as : Lt = L∞ (1-e - K (to-t)), where 

Lt = length of the body at age t, L∞ = the asymptote lenght, K = Value of growth 

coefficient of sea cucumber reached a length asymptote, whereas t = age at a certain 

length, to = age on the length of 0, and e = natural numbers (exponential) [13]. To 

estimate the value formula Pauly [14] was adopted.        

L(-to) = -0,3922 - log L∞ 0.2752 - 1.038 log K……………..……………………..(1) 

 where, K = growth coefficient 

           L∞ = length asymptote 

             t0 = age when the length is zero. 

Natural life span (longevity) of sea cucumber was obtained from Von Bartalanffy 

equation, as follows: 

t = log 10 (1 - Lt / L∞) / K - t0……………………………………………………. (2) 

If the initial allegations obtained from the equation L∞ = L max / 0.95 [12] is known, 

then the various age size of sea cucumbers can be obtained. For the short-lived fish it 

will be smaller than L∞ = L max / 0.95 and vice versa, and to obtain the life span Lmax = 

2.9957/K + t. 

 
2.3 The Sea Cucumber Exploitation Rate 

The analysis of the exploitation  rate of sea cucumbers used total mortality data.  

Estimation of total mortality used approach Converted Cath Curve Length (LCCC), 

with the formula is : 

Ln (Ni / Δti) = a + b ti………………………………………………………….(3) 

Where :  

N = the number of sea cucumbers individuals in length to the class-i 

t = relative age, with t0 is zero 

b = angle / slope which is a form of value 

 

Based on the mortality prediction by the LCCC approach Z value was obtained, which 

is the negative value of the slope by the equation above. Having obtained the Z value 
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the estimated value of natural mortality (M) was further calculated using the Pauly 

[14] formula as follows: 

Log M= -0.279 log -0,0066 L∞ + K + 0.4634 + 0.6543 log T…………………(4) 

M value was used to estimate the value of F (fishing mortality) by way of ZM and to 

estimate the rate of exploitation E is the result of F / Z. 

Table 1. S. quadrifasciatus length size distribution 

Sampling time Amount of 

sample (N) 

Min-max rate  

(mm) 

Mean ± SD  

(NORMSEP) 

July 2010 

September 2010 

November 2010 

January 2011 

March 2011 

 

May 2011 

40 

40 

40 

40 

40 

 

40 

207 to 252 

235 to 287 

235 to 301 

231 to 278 

186 to 288 

 

200 to 299 

228.75 ± 12.18 

260.75 ± 10.46 

280.75  ± 13.94 

250. 25 ± 11.40 

277.50  ± 6.62 

203.75 ± 10.23 

275.50 ± 16.42 

 

Table 2. Monthly growth rate distribution of S. quadrifasciatus 

Cohort Mean (mm) ± SD    Shift mode  

   (months) 

Growth rate 

per mo (mm) 

A 228.75±12.18 to 280.75±13.95 July 2010 to Nov 2010 13.00 

B 250.25±11.40 to 277.50 ± 6.62 Jan 2011 to March 2011  13.62 

C 203.50±6.62 to 275.50 ± 16.42 March 2011 to May 2011 36.00 

 

 

3. RESULTS AND DISCUSSION 

3.1 Growth Prediction  

The body lengths at each sampling time were measured (Table 1). Results of the data 

analysis showed that the length size (mm) frequency distribution can be determined 

based on an interval scale of 10 mm length class. Furthermore, the data were analyzed 

using the method of Bhatacharya in FiSAT software tools, so that the condition of the 

distribution of the population (cohort) based on the length of the species at each 

sampling time can be assumed.  

The results of the analysis of the distribution of cohort S. quadrifasciatus is presented 

in Table 2. Based on the Table 2, it appears that the cohort of S. quadrifasciatus is 

divided into three groups. First, cohort A from July 2010 to November 2010 with 

growth rate 13.0 mm · mo–1. Second, cohort B from January 2011 to March 2011, 

with growth rate of 13.62 mm · mo–1. Lastly, cohort C from March 2011 to May 2011 

the growth rate is 36.0 mm · mo–1.  
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Based on the time series length data using Von Bartalanffy equation, it was found Lt = 

12.75 [1 - e -0.31 (t-0.2421)]. It can be obtained by applying the value of the alleged 

length-infinity growth coefficient (L∞) and coefficient of growth (K). Infinity length 

(L∞) is a factor that shows how big the size that can be achieved by individual sea 

cucumbers to grow, and K is a factor used to determine the rate of growth of an 

individual sea cucumbers to reach length of infinity [13]. Furthermore, through the 

results of the analysis using FiSAT program, sub-program ELEFAN growth 

coefficient values obtained S. quadrifasciatus  length-infinity (L∞) was 387.25 mm, 

with a value of K = 0.34  · yr–1. 

 

 

Figure 2. The growth curve of S. quadrifasciatus 

 

The Von Bartalanffy growth curve (VBGC) was formed from the distribution of sea 

cucumbers length data during the study. Fig. 2 provides a good illustration that the 

distribution frequency of the species length that were observed in any observation 

time tends to cluster at a length that is greater than or tends to adult size, with the 

adult size can reach a size of 160 mm [15]. No discoveries of small sizes are allegedly 

due to the small size of sea cucumbers are very vulnerable to predators and the 

possibility of carried away by the ocean currents. 

The life span of  S. quadrifasciatus is calculated from the value of t0 based on 

empirical formula by Pauly [11], to generate  log -to = - 0.3952 - 0.2752 log L ∞ - 

1.038 log K.  Von Bartalanffy equation analysis obtained values of life span of the S. 
quadrifasciatus observed. This value is derived from the equation t = log 10 (1 - Lt / 

L∞) K + to, and if the maximum length (L max) = 0.95 (L∞), the value obtained is 

inserted into the equation above, then it was obtained the longest life span  (tmax) S. 
quadrifasciatus. The longest life span value, i.e. tmax = 2.9957 / K + to. If L∞, K, and t0 

is known, then t max can be known, tmax = 8.8 yr, and Lmax = 299 mm. 
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Table 3. Analysis result of the sea cucumber body length at age t ( Lt ). 

Age (mo) 1 2 3 4 5 6 7 8 9 

Length (mm) 0.6 91.15 155.59 201.64 234.111 257.35 3.89 285.66 294.04 

 

 

Figure 3. S. quadrifasciatus growth curve 

 

The results of this study indicate that the initial length of the observed species was 

0.994 mm, with maximum length of 299 mm, and the maximum age 8.8 yr. The result 

of the S. quadrifasciatus age estimation is featured in Table 3. The S. quadrifasciatus 

life span may reach to the age of 8.8 yr, with a length of 8 yr towards the 9 yr would 

be 285.66 mm to 294.04 mm. Using data from the longest life span (t max), the age 

(to), K, and the infinity lenght (L∞), a growth curve models could be formed on S. 
quadrifasciatus, as in Fig. 3 

 

3.2 Exploitation  Rate 

The analysis of the potential population for exploration was used to determine the 

mortality rate. The Length Converted Catch Curve (LCCC) was resulted from the 

equation y = 22.684 – 7.682 x, with the correlation value (r) = 0.937. 

Total mortality of S. quadrifasciatus (Z) was obtained from the negative value of the 

slope (b). The value of (Z) was then used to estimate the natural mortality (M) by 

0.717, fishing mortality (F) by 6.693, and the  exploitation rate (E) by 0.906. The 

Length Converted Catch Curve  (LCCC) is shown in Fig. 4. 

 

3.3 Discussion   

Results of growth analysis of  S. quadrifasciatus suggested that in general K values 

were close to 0 (zero). This means the species has slow growth rates, long ages, and 

would have a relatively long time to reach  maximum lengths. This was evident from 

the results of the analysis of the growth coefficient K on the S quadrifasciatus 

obtained value of  K  =  0.34  ·  yr–1,   with   L∞  reached 387.25 mm. Compared to the 

growth conditions of other species belong to the same family from other areas, such 



60 Bambang Sulardiono, Max Rudolf Muskananfola 

as S. chloronatus in the Gulf of Southern California, Mexico, which had the growth 

coefficient value K = 0.45 and L∞ = 342 mm [1], the conditions of S. quadrifasciatus  
growth dynamics in the Karimunjawa waters was not very much different. However, 

the growth  coefficient value K of S. quadrifasciatus in Karimunjawa waters is lower 

than the growth coefficient value of Isostichopus badionotus at Sisal, Yucatan, 

Penunsula, which had the growth coefficient K = 0.25 and L∞ = 403 mm  [19].  

 

 

Figure 4. Length Converted Catch Curve (LCCC) of S. quadrifasciatu 

 

The growth curves shows that the S. quadrifasciatus life span was 8.81 yr with a body 

length achieved in the 8 yr and 9 yr was 285.66 mm to 294.04 mm. A study by 

Chávez et al [16] found that Parastichopus parvimensis (H. L. Clark 1913) in 

California waters has life span of 5 yr. This was lower than the results of the study of 

this species. However, according to CITES [17], the average life span of sea 

cucumber S. japonicus was 5 yr to 10 yr with most individuals had the first reproduce 

at the age of 2 yr to 6 yr. Furthermore, it was said that the rate of growth of S. 
japonicus (Ishikawa 1908) per month on average reached 4 mm to 20 mm. The results 

were also supported by the Purcell [5], that the life spans of typical sea cucumber was 

5 yr to 10 yr. Thus, the growth rate in length per month in this study was not much 

different from that found in other studies in different areas. 

Sustainable resource usage can be achieved when conditions of the annual stock 

production balance the amount of fishing mortality (F) with natural mortality (M), 

which is called the total mortality (Z). At the time of the fishing mortality equal to 

natural mortality (F = M), or when the exploitation rate is 50 %, then value  

of E = F / Z = 0.5 occurred in the stock after the fishing, as indicated by the Fisheries 

and Marine Research Board  [18]. Based on this, it could be said that the rate of 

exploitation of S. quadrifasciatus in the Karimunjawa waters has already above the 

standard of threshold set by the Indonesian government. 

If this is not well managed from now on S. quadrifasciatus in Karimunjawa will 

extinct due to commercial exploration and exploitation. This include H. scabra, (local 
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name: Teripang Gosok/Fish Sand), H. fuscogylva (Cherbonnier,  1980) (local name: 

White Sucker Fish ), H. nobilis (local name: Black Sucker), and Thelonata anax (H. 

L. Clark,1921) (local name: Pineapple Fish). This indicates that the sea cucumber 

catches target in Karimunjawa is in a condition to the edge of extinction. Given the 

increasing market demand, if not matched by management measures, in the future S. 
quadrifasciatus population would has similar experience  with the other target sea 

cucumbers. This case has been found in the Karimunjawa waters. Results of this 

research can be used as one of the inputs used to determine management measures, so 

that the sustainable use and conservation of resources can be guaranteed. 

 

4. CONCLUSION 

The growth Coefficient (K) of S. quadrifasciatus  has value of  0.34 · yr–1 with a value 

of  L∞ achieved 387.25 mm. Therefore, the value K obtained tends to approach zero 

value, which indicated that the nature of the species growth observed tends to be slow 

and with a relatively long life span. S. quadrifasciatus  has total mortality values (Z) 

of 0.717; the value of natural mortality (M) of 6.963 and the value of the rate of 

exploitation (E) of 0.906. The rate of exploitation of the species, therefore,  was 

already on the threshold of standard value set by the Government. 
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