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Abstract 
 
Economically and ecologically important ecosystems that consist of diverse finfish and 
shellfish resources are found along the southern coast of Sri Lanka. Thus, the current 
study intends to assess the species diversity, length-weight (L-W) relationships, and 
condition factor of sea cucumber stocks in selected coastal sites of southern Sri Lanka. 
The diversity of sea cucumber species was surveyed using the systematic sampling 
technique in three selected sites (Bandaramulla, Mirissa, and Weligama) during 
February-December 2019. The growth pattern of each species was identified using a 
least-squares regression model computed for length-weight relationships. Fulton’s 
condition factor (K) was analyzed for each species. There were four common sea 
cucumber species (Holothuria atra - Lolly Fish, Bohadschia marmorata - White Thread 
fish, Actinipyga miliaris - Deep Water Blackfish, and Thelenota ananas - Prickly Redfish) 
in study sites, with Holothuria atra and Bohadschia marmorata were recorded as the 
most abundant species. The length-weight relationship derived for the above four 
species exhibited a negative allometric growth pattern (“b” < “3”), indicating faster 
length increment compared to weight. The habitat qualities of all sea cucumber 
species were in optimum environmental condition. Our findings would benefit as 
baseline data for implementing sustainable management practices of sea cucumber 
resources.  

 

Introduction 
 

Sea cucumbers (Class Holothuroidea of the Phylum 
Echinodermata) play a significant role as a biotic 
component in the benthic zone of coastal and marine 
ecosystems (Gonzalez-Wangüemert et al., 2014). These 
holothurians possess an orally-aborally elongated body 
with a pentaradial symmetry, a unique morphological 
character of Phylum Echinodermata. Further, they show 
deposit and filter-feeding mechanisms. They play a 
unique ecological role in maintaining the natural 

equilibrium of the ecosystem by controlling micro-algae 
growth, recycling nutrients, and mixing the upper 
sediment layers while contributing as a significant 
commercial resource for coastal livelihood (Francour, 
1997; Gonzalez-Wangüemert et al., 2014; MacTavish et 
al., 2012; Uthicke, 2010). The biological characteristics 
of holothurians provide diverse commercial values for 
human wellbeing. Sea cucumbers are used in traditional 
medicine in most Asian countries, while this resource is 
used to extract different therapeutic compounds such as 
bioactive peptides, triterpene glycosides, amino acids, 
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chondroitin sulphates, carotenoids, vitamins, minerals, 
gelatines, fatty acids, and collagens (Pangestuti & Arifin, 
2018). Recently, the health effects and therapeutic 
benefits of sea cucumbers such as antitumor, 
antimicrobial, antioxidant, neuroprotective, 
anticoagulant properties, and wound healing potentials 
have been scientifically confirmed through research 
studies and investigations while these functional 
medicinal compounds are popular in the biomedicine 
sector (Pangestuti & Arifin, 2018). 

Sea cucumbers play a significant role as nutritional 
food sources worldwide, and thus, around 66 sea 
cucumber species are commercially harvested by more 
than 40 countries. A high demand exists in the 
international market for processed (boiled and dried 
forms) holothurians (Conand & Byrne, 1993; Purcell, 
2010; Purcell et al., 2012a, b). Apart from the 
international trade, sea cucumbers are locally 
consumed by the residents in the countries such as 
Chinese heritage in Indonesia, Papua New Guinea, Fiji 
island, and Malaysia (Conand & Byrne, 1993). 

Based on the literature records, the annual total 
global production of sea cucumbers as live animals is 
approximately 100,000 tonnes (Purcell, 2010; Purcell et 
al., 2012a). Sea cucumber fishery in tropical regions 
contributes to global production (González-
Wangüemert et al., 2014). Sea cucumber harvesting 
industry in these zones are often artisanal, and fishers 
exploit sea cucumbers during low tide period or free-
dive on shallow coastal reefs for more than one century 
with the boom-and-bust fashion (Conand & Byrne, 
1993). However, sea cucumber fishery in temperate 
coastal regions has developed and expanded recently, 
while fishermen target single species for exploitation. 
Further, the aforesaid fishery sector in the temperate 
zone is industrialized with novel fishing technology such 
as large boats and sophisticated fishing gear for 
exploitation from deep-sea waters (Gonzalez-
Wangüemert et al., 2014). 

According to the literature records, targeted 
holothurian species are overexploited by exceeding 
maximum sustainable yield in almost all parts of the 
world (Anderson et al., 2011; Purcell, 2010). A recent 
scientific investigation reported that the percentage of 
overexploited, under the level of full exploitation with 
no potential margin for expansion, depleted and 
moderately or under-exploited are 38%, 14%, 20%, and 
27%, respectively (Purcell et al., 2013). In most 
countries, the increasing market demand for sea 
cucumber products, unsustainable fishery management 
practices, and irresponsible exploitation activities are 
significant factors affecting overexploitation of sea 
cucumber fishery stocks (Conand, 2000; Conand, 2004). 

Holothurians are especially susceptible to 
overharvesting due to their life-history traits, such as 
long lifespan, lower and irregular recruitment process, 
late age at their maturity, slow growth rate, and density-
dependent reproductive mechanism (Uthicke et al., 
2004). Hence, sea cucumber fishery requires 

conservation and management concerns due to the 
vulnerable factors for overexploitation, such as 
marketable capacity and unique biological traits 
(Purcell, 2010). Therefore, the long-term sustainability 
of the sea cucumber fishery sector is vital for continuous 
commercial benefits to coastal communities. FAO 
(2011) strongly recommends respective countries adopt 
appropriate management and conservation measures 
considering the scientific information to maintain the 
sea cucumber harvest at levels of maximum sustainable 
yield. 

In Sri Lanka, 21 sea cucumber species have been 
identified as economically important fishery resources 
out of 75 well-known species mainly found along the 
coastal intertidal zones of Sri Lanka (Clark & Rowe, 1971; 
Dissanayake & Stefanson, 2010). Sea cucumber 
production is primarily recorded from the north, east, 
and north-west coastal regions of Sri Lanka (Veronika et 
al., 2018). Like the global context, local sea cucumber 
resources are highly vulnerable to depletion according 
to the existing population dynamic data (Dissanayake & 
Wijeyaratne, 2007). As the initial step of management of 
local holothurians, a detailed investigation on the 
length-weight relationship of four common sea 
cucumber species: Holothuria spinifera, Bohadschia 
marmorata, Stichopus naso, and Holothuria atra, has 
been conducted from the commercial harvest of north-
eastern coastal waters of Sri Lanka during May 2014 to 
September 2016 (Veronika et al., 2018). However, only 
limited published scientific information is available on 
basic species diversity information and population 
dynamic aspects, including the length-weight 
relationship of sea cucumbers from coastal waters 
around the southern part of Sri Lanka. Therefore, 
considering the factors described above of these 
commercially important species, the present study 
aimed to fill this research gap by selecting the southern 
coastal region of Sri Lanka. 

The current work expects to provide a clear insight 
into the basic scientific information of sea cucumber 
species in the selected coastal habitats of the southern 
province of Sri Lanka. It is a preliminary approach aiming 
to provide an overview of reliable scientific data for the 
sustainable management of sea cucumbers. 
Accordingly, this study has three primary objectives: (i) 
to assess the current diversity status of the identified, 
commercially important sea cucumber species, (ii) to 
analyze the length-weight relationships and growth 
pattern of identified, commercially important sea 
cucumber stocks, and (iii) to calculate the condition 
factor of identified sea cucumber stocks in different 
coastal zones of the southern province of Sri Lanka. 
Assessment of the species diversity and basic population 
dynamics of sea cucumber stocks help provide the 
baseline information in identifying conservation 
approaches and implementing fishery management 
practices toward the sustainable utilization of this 
economically important aquatic resource. 

 



577 
Turk. J. Fish.& Aquat. Sci. 21(12), 575-588 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials and Methods 
 

This study consists of two phases: (i) determining 
the species diversity status of commercially important 
common sea cucumbers, and (ii) analysis of 
morphometric measurements with great importance in 
fishery assessments of aquatic species and condition 
factor which acts as an indicator on the quality of their 
living environment (Garcia et al., 1989; Haimovici & 
Velasco, 2000; Le-Cren, 1951) along the southern coast 
of Sri Lanka.  

Study Sites and Sampling 
 

Three study sites (i.e., Bandaramulla: 80◦ 27’ 56 E, 
5◦ 56’ 31 N, Mirissa: 80◦ 27’ 44 E, 5◦ 56 35” N, and 
Weligama: 80◦ 27’ 46 E, 5◦ 56 38” N) were selected 
during a preliminary survey by considering the 
commercial value and ecological characteristics of the 
coastal zone belonging to the southern province of Sri 
Lanka (Figure 1). Sample collection was carried out 
monthly from February-December 2019. A species 
diversity survey was conducted for each sampling site, 

 

Figure 1. Study sites in the southern coastal zone of Sri Lanka (Google Earth Pro, 2020 - https://www.google.com/earth/ , 
“Accessed 25th April 2020”). 
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using a systematic sampling technique by positioning 
quadrat (1m x 1m) as sampling units at 10 m intervals 
along a 100 m long main transect line (east-west 
direction). The sampling unit represents all sea 
cucumbers present within the quadrat. During sampling, 
sea cucumbers were collected with divers' support by 
surveying a minimum of three transects representing all 
substrates: sandy bottom, seagrass meadows, and 
shallow rocky patches found in study locations (Fuente-
Betancourt et al., 2001; Lampe-Ramdoo et al., 2014). 
The sampling process of holothurians was convenient at 
any of these shallow sites. 
 
Sample Analysis for the Species Diversity Assessment 
and Data Collection  

 
Collected sea cucumber samples were subjected to 

in-situ analysis. Different sea cucumber species were 
identified using recommended external morphological 
characters, pictorial guides, and related scientific 
information in the literature records (Hendler et al., 
1995; Veronika et al., 2018). After identification, the 
number of individuals belonging to each species in each 
study site was counted separately for each site. The 
relative abundance of each sea cucumber species within 
the three regions was calculated using the standard 
formula given below (equation 1). 

 
Equation 1; 

 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 =

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑜𝑓 
𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑟 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 

𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

 

 
Different substrate characteristics (e.g., sandy, 

seagrass, and rocky bottom) of the surveyed area in 
each sampling site were also recorded to identify 
suitable habitat types of different species. Shannon-
Wiener index (H’) (equation 2) helped to estimate the 
diversity of sea cucumber species of each study site 

(Magurran, 2004; Morris et al., 2014).  

 
Equation 2; 

𝐻′ =  − ∑ 𝑝𝑖𝑙𝑛𝑝𝑖

𝑖

1

  

 
Where pi - Proportion (n/N) of individuals of one 

species found (n) divided by the total number of 
individuals found (N) 
 
Determination of the Length-Weight Relationship and 
Condition Factor 
 

After identifying the sea cucumber species, 
samples were allowed to drain for a minimum of two 
minutes before subjecting to the length-weight 
measurements (Veronika et al., 2018). The total length 
(L) and weight (W) of individuals belonging to each 
species in different sites were measured using the 
measuring tape and a digital balance (UNISTAR SF-400), 
respectively. The length was measured dorsally from the 
anus to the center of the tentacle crown with an 
accuracy of 1mm (Figure 2), while the weight was 
measured to the nearest 1g.  

The length-weight relationship was estimated 
using the power function (equation 3 and 4) described 
by Pauly (1980) to identify the relative changes in the 
morphology of sea cucumber species.  
 
Equation 3; 

𝑌 = 𝑎𝑋𝑏    
 
Where a and b are constant parameters, X is an 

independent factor, and Y is a dependent factor. 
 
Equation 4; 

𝑊 = 𝑎𝐿𝑏  
 

Where W=Weight in g, L=Length in cm, 
a=Intercept, b=Slope  

 

Figure 2. Length measurement of identified sea cucumber species. 
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The parameters in equations 3 and 4 were 
calculated using the linear regression analysis (equation 
5), which acts as an effective tool in allometric studies 
(Poot-Salazar et al., 2014).  
 
Equation 5; 

𝐿𝑜𝑔 𝑊 = 𝐿𝑜𝑔 𝑎 + 𝑏 𝐿𝑜𝑔 𝐿   
 
Where a is the intercept of the regression line 

(coefficient value related to body form) and b is the 
regression coefficient (exponent representing the 
isometric growth pattern when b is equal to the 3). 
Fulton’s condition factor (K) was computed to identify 
the fitness of their environment for them as suggested 
by Pauly (1980) (equation 6). 
 

Equation 6; 

𝐾 = 100
𝑊

𝐿3
   

 
Where K=Condition factor, W=Weight in g, 

L=Length in cm 
 

Data Analysis 
 
Differences in the diversity/composition of sea 

cucumber species among localities were tested by one-
way ANOVA considering “geographical location” as the 
fixed factor (P<0.05). Variation of the length-weight 
measurements of sea cucumber species was tested by 
ANOVA using both “species” and “location” as fixed 

factors at P<0.05 of the significance level. Post-Hoc 
Tukey HSD test was employed for pairwise comparisons 
of species diversity/composition and length-weight 
measurements between two specific factors (P<0.05). 
The significance of the regression lines derived for 
length, and weight relationships was assessed using F-
statistic values. The student t-test was conducted to test 
the hypothesis of isometry (b=3) in the length-weight 
relationships (Sokal & Rohlf, 1981). Allometric growth 
occurred when either b<3 (negative) or b>3 (positive) in 
the regression line between length and weight 
parameters (equation 7). 
 
Equation 7; 

𝑡 =
𝑏 − 3

𝑆𝑏
 

 

Where b=Regression coefficient of computed 
length, and weight relationship, Sb=Standard error of 
‘b’, and t=computed t value  

 

Results 
 

Species Diversity Assessment 
 

A total of 776 individuals belongs to four species 
[Holuthuria atra (Jaeger, 1833), Lolly Fish, Bohadschia 
marmorata (Jaeger, 1833), White Thread fish, 
Actinipyga miliaris, Deep Water Blackfish, and Thelenota 
ananas, Prickly Redfish] were identified in all study sites 
(Figure 3). Species richness varied in the range of 2-4 in 

 
Figure 3. Sea cucumber species identified from the study sites. 
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the study sites. The highest species richness (4) was 
recorded from the Mirissa site, while Bandaramulla and 
Weligama sites had similar species richness (2).  

The highest relative sea cucumber species 
abundance was recorded for Holothuria atra (0.99 and 
0.97 for Bandaramulla and Weligama sites, respectively) 
and Bohadschia marmorata (0.93 from Mirissa site), 
signifying optimum environmental conditions and 
appropriate factors for growth and survival in their 
respective ecosystems (Figure 4). However, 
comparatively lower individual number and relative 
species abundance was observed for Thelenota ananas 
and Actinopyga miliaris (Figure 4). 

Composite Shannon-Weiner species diversity 
indices of sea cucumbers were 0.05, 0.12, and 0.33 in 
Bandaramulla, Weligama, and Mirissa sites, 
respectively. Further, species composition was 
significantly (F=2108.93, P<0.05) different among the 
three study sites. However, the species composition of 
sea cucumbers between Bandaramulla and Weligama 
sites was statistically similar (P>0.05) since the dominant 
species of the aforesaid two sites were Holothuria atra. 
Overall, the species diversity of sea cucumbers is 
comparatively lower in study sites of the southern 
coastal zone than the other studies reported in the 
literature.  

 
Assessment of Length-Weight (L-W) Relations and 
Condition Factor Aspects 

 
There were significant differences in length-weight 

measurements among sea cucumber species by ANOVA 
(P<0.05, F=529.93 (weight) and 599.49 (length)). 
Overall, the location had a significant effect on 
variations of length-weight parameters of sea 
cucumbers (P<0.05). However, results of the Post-Hoc 

test recorded that both weight and length scores of 
Holothuria atra between Bandaramulla and Weligama 
sites were statistically similar at the level of P>0.05 
(Table 1). Similarly, Bandaramulla and Mirissa sites had 
represented equal distribution patterns of length-
weight parameters for Thelenota ananas (P>0.05, Table 
1). As per the results computed by length-weight 
measurements, the highest average weight 
(1269.50±27.58g), and length (36.00±1.41cm) were 
recorded for the Thelenota ananas collected from the 
Weligama region, while the lowest average weight 
(10.11±5.57 g) and length (7.07 ± 1.71 cm) was reported 
by Bohadschia marmorata from Mirissa site (Table 1).  

Table 2, and Figure 5 present the computed length-
weight relationships for each species in different 
localities. A linear regression model was not computed 
for the stocks of Thelenota ananas collected from 
Bandaramulla, and Weligama sites since a low number 
of individuals, and consequently, length-weight 
measurements were not sufficient for predicting 
respective relationships by the statistical software. Also, 
the derived regression model for Thelenota ananas 
collected from the Mirissa site revealed that the 
independent variable, length, was not significantly 
predicted by the dependent variable, weight (Table 2, 
P>0.05, F=2.59). 

The rest of the computed models for other species 
had a strong linear relationship between weight and 
length measurements, and the independent parameter 
significantly predicted the dependent variable by the 
derived models (Table 2, F=9.52-1794.16, P<0.05). 
Further, the independent variable (length) strongly 
contributed to more than 40% (0.4) of the explained 
variability of dependent factor (weight) in the derived 
regression models (Table 2). The “b” values of standard 
length-weight regressions for all species in different 

 

Figure 4. Relative species abundance of sea cucumbers in the study sites. 
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Table 1. Average weight and length of collected holothurian species (values are in mean ±STD) 

 
Bandaramulla Mirissa Weligama 

Statistical 
Similarity/ 

Differences in 
Weight (W)/ 

Length (L) 

 
Weight/g Length/cm Weight/g Length/ cm Weight/g Length/cm 

Holothuria atra 289.63a± 
21.89 

17.63X± 
4.55 

248.65b± 
10.70 

15.95y± 
0.66 

288.48a± 
10.48 

17.31X ± 
3.95 

W* 
L* 

Thelenota 
ananas 

1056.00d± 
11.51 

32.00s± 
3.10 

1072.86d± 
74.99 

33.14s± 
1.46 

1269.50e ± 
27.58 

36.00r± 
1.41 

W* 
L* 

Actinopyga 
miliaris 

** ** 599.86± 
189.15 

30.21± 4.12 ** ** N/A 

Bohadschia 
marmorata 

** ** 10.11± 
5.57 

7.07± 1.71 ** ** N/A 

Note: 
** Species, which were not recorded from the respective sites. 
*Overall, the source of variation of the length-weight parameters were statistically different at least between two geographical locations for the 
same species at P<0.05 of significant level. 
Based on the results of post-hoc test, length-weight scores that do not share the alphabet letters were significantly different between sampling 
locations at P<0.05 of significant level. 
N/A (Not Applicable): The statistical test was not computed by the software since the relevant species were recorded from only one study site. 

 
 
 
Table 2. Summary of length-weight relationships computed for each sea cucumber species in different localities 

 Length-Weight Relationship 

 Bandaramulla Mirissa Weligama 

Holothuria atra Log Weight = 0.35 + 1.66 Log 
Length 
W = 2.23 L1.66 
R2 (r) = 0.73 
F = 314.30 
P<0.05 

Log Weight = 0.46 + 1.59 Log 
Length 
W=2.89 L1.59 
R2 (r) = 0.91 
F = 173.96 
P<0.05 

Log Weight = 0.43 + 1.62 Log 
Length 
W = 2.72 1.62 

R2 (r) = 0.84 
F = 375.32 
P<0.05 

Thelenota 
ananas 

Note:  The statistical software did 
not compute linear regression due 
to fewer individuals with the 
smaller number of length-weight 
measurements of particular 
species. 

Log Weight = 1.70 + 0.87 Log 
Length* 
W=50.23 L 0.87 
R2 (r) = 0.34 
F = 2.59 
p > 0.05 

Note: The statistical software 
did not compute linear 
regression due to fewer 
individuals with a smaller 
number of length-weight 
measurements of particular 
species. 

Actinopyga 
miliaris 

Not recorded from the respective 
site. 

Log Weight = 0.50 + 1.53 Log 
Length 
W = 3.18 L1.53 
R2 (r) = 0.44 
F = 9.52 
P<0.05 

Not recorded from the 
respective site. 

Bohadschia 
marmorata 

Not recorded from the  
respective site. 

Log Weight = -0.42 + 1.64 Log 
Length 
W = 0.38 L1.64 
R2 (r) = 0.77 
F = 1794.16 
P<0.05 

Not recorded from the      
respective site. 

* Independent variable, the length was not significantly described the dependent variable, weight by the predicted regression model (P>0.05). 

 
 
 
Table 3. Fulton’s coefficient of condition factors (K) for the recorded sea cucumber species in the southern coast of Sri Lanka 

  Mean Fulton’s condition factor (K) 

  Holothuria atra Thelenota ananas Actinopyga miliaris Bohadschia marmorata 

 Bandaramulla  6.48 ±1.17 3.22 ±0.09 * * 
 Mirissa   7.84 ±1.58 2.97 ±0.36 2.23 ±0.69 3.05 ±2.08 
 Weligama  5.94 ±2.12 2.73 ±0.26 * * 

* Particular species was not recorded from the respective site. 
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sites were lower at the range between 1.53-1.66 (Table 
3 and Figure 5). Moreover, results of Student “t” tests 
revealed that all the derived “b” values were 
significantly different compared to the test value of “3” 
(b ≠ 3, P<0.05). 

The average Fulton’s condition factors (K) 
calculated for different sea cucumber species in three 
localities are presented in Table 3. Based on the present 
results, the average condition factors in various sites 
range at (5.94 - 7.84) and (2.73 - 3.22) for Holothuria 
atra and Thelenota ananas, respectively, while 2.23 and 
3.05 were recorded for Actinopyga miliaris and 
Bohadschia marmorata (Table 3). The highest condition 
factor was recorded for one of the dominant species, 

Holothuria atra, from all the sites by indicating favorable 
environmental conditions and physical healthiness of 
individual organisms (Table 3).  

 

Discussion 
 

There were seven sea cucumber species belonged 
to two families in the coastal regions of Mullaitivu and 
Point Pedro along the northeast region of Sri Lanka 
(Veronika et al., 2016; Veronika et al., 2017). However, 
the sea cucumber species richness in our study sites is 
lower in the southern coastal zone than that of former 
sites. Fourteen sea cucumber species of Actinopyga 
have been recorded from the Sabah region (Semporna 

 

Figure 5. Derived fitted line plot for length-weight relationships of different sea cucumber species in study sites of southern coast, 
Sri Lanka (a) Holothuria atra in Bandaramulla (b) Thelenota ananas in Mirissa (c) Actinopyga miliaris in Mirissa (d) Holothuria atra 
in Mirissa (e) Bohadschia marmorata in Mirissa (f) Holothuria atra in Weligama 
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in the southern part and Kota Tuaran and Kinabalu in the 
northern part), Malaysia, from August 2004 to October 
2007 (Kamarudin et al., 2009). Variations in the 
abundance, species richness, species diversity, and their 
distribution are a function of hydrodynamics and 
substrate characteristics (e.g., substrates with organic 
sediment accumulation) (Barkai, 1991; Kerr et al., 1993; 
Mosher, 1980). Therefore, these reasons may be the 
possible causes for the observed variation in the 
abundance of holothurians in the northern and southern 
coasts of Sri Lanka. Among seven sea cucumber species 
reported in the northeast region of Sri Lanka, Holothuria 
atra, Bohadschia marmorata, Stichopus naso (Samper, 
1868), and Holothuria spinifera (Theel, 1886) are 
identified as commercially important sea cucumber 
species (Veronika et al., 2018). Toral-Granda et al. 
(2008) reported that B. marmorata, A. miliaris, H. atra, 
and Thelenota ananas are widely used to produce 
expensive beche-de-mer or beches-de-mer (processed 
product/s of sea cucumber flesh in the boiled, dried, and 
smoked form) in the western central Pacific region. 
These four species have been recorded in the current 
study, indicating appropriate habitat suitability on the 
southern coast to adopt sustainable management 
strategies for further development and conservation 
approaches. 

Similar to the present findings, sea cucumber 
species belonging to order Aspidochirotida and genus 
Holothuria is noted as the primary taxonomic groups in 
Malaysia (Kamarudin et al., 2009). However, Fuente-
Betancourt et al. (2001) revealed that the density of H. 
floridana is lower compared to the other commercially 
important sea cucumber species found in fishing 
grounds of Banco Chinchorro, Quintana Roo, Mexico. 
This finding is quite contradictory to our study results. 
The current study identified that two study sites 
(Bandaramulla and Weligama) have the highest 
abundance of H. atra and has a smaller number of other 
sea cucumber species by representing the dominancy of 
H. atra in their respective habitats. Lampe-Ramdoo et al. 
(2014) has further confirmed these results. H. atra has a 
possibility in preventing the recruitment of other sea 
cucumber species successfully in the same ecosystem. 
Further, H. atra’s reproduction rate is comparatively 
higher than that of other species, and this group has the 
potential to adopt different habitats while tolerating the 
harsh environmental conditions. Accordingly, H. atra 
can establish in the new ecological niches when the 
stock of a particular sea cucumber species is vulnerable 
to depletion or dramatically reduced by 
overexploitation. As a result, this species, with a diverse 
range of possible habitats or niches, can settle in new 
potential habitats or ecosystems immediately due to 
less inter-specific competition (Lampe-Ramdoo et al., 
2014). The above factors would significantly contribute 
to the dominance of H. atra with higher densities in their 
respective environment, which is valuable baseline 
information regarding the sea cucumber species 
diversity in the southern coast of Sri Lanka. 

The current study identified a relatively lower 
species diversity in the study sites of Sri Lanka. However, 
Kamarudin et al. (2009) revealed that the sea cucumber 
species diversity level in Malaysia's east coast region is 
higher than that of the west coast region, while Baine 
and Forbes (1998) had recorded higher sea cucumber 
diversity with 19 species in Tioman Island. 
Anthropogenic, biogeographical, and environmental 
factors affect species diversity in an ecosystem. The rich 
sea cucumber diversity in Tioman Island was mainly due 
to the zero effect from freshwater outputs (e.g., runoff 
from the rivers) along the coastal zone, consequently 
developing diverse, healthy coral ecosystems (Baine & 
Forbes, 1998). Kamarudin et al. (2009) also confirmed 
that extensive distribution of coral reefs and lower 
anthropogenic effects, including minor marine 
pollution, significantly impact the high diversity of sea 
cucumber species in respective ecosystems. Lower sea 
cucumber species diversity was also recorded because 
of anthropogenic influence from Peninsular Malaysia, 
especially in Langkawi Island (Kamarudin et al., 2009). 
However, the current study strongly recommends a 
long-term, comprehensive scientific investigation on sea 
cucumber diversity while analyzing anthropogenic 
factors and biogeographical characteristics in the entire 
coastal zone of the southern province in Sri Lanka to 
better understand the species diversity level, 
occurrence, and distribution of sea cucumbers in 
specific habitats. In particular, the southern coast of Sri 
Lanka is a highly popular recreational destination for 
both local and international tourists, which, in turn, has 
an immense potential to disturb these ecosystems. 

Length and weight parameters could act as 
distinguishable morphometric characters to maintain 
the identity of a particular sea cucumber species. 
However, weight measurement is identified as a highly 
reliable parameter of sea cucumber population 
dynamics, whereas the length is subjected to 
considerable changes causing severe difficulties in 
recognizing the complete relaxation state of the sea 
cucumber body (Conand, 1981; Tuwo & Conand, 1992; 
Zakanidis et al., 2010). The past literature works have 
recorded the length-weight measurements of the sea 
cucumbers from different geographical locations. 
Compared to B. marmorata collected in the northern 
region of Sri Lanka (W=516g, L=22cm), the same species 
on the southern coast is smaller in size. In comparison, 
the average length and weight of H. atra were 23cm, 
and 245g, respectively, sampled from the same site 
(Veronika et al., 2018). For the same species collected 
from the east coast of Sri Lanka, the average length and 
weight were reported as 23.3±1.3 cm and 111±6 g, 
respectively (Dissanayaka & Stefansson, 2010). The 
former weight was significantly lower than that of other 
reports and the present finding. On the other hand, both 
H. atra and B. marmorata exhibited comparatively 
longer body length and higher body weight for the 
samples collected from the northwest coastal region of 
Sri Lanka (Dissanayaka & Wijeyaratne, 2007). 
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According to Gonzalez-Wanguemert et al. (2014), 
the average lengths of H. polii, and H. tubulosa were 
10.51cm, and 16.40cm, while the average weights of the 
aforesaid two species were 37.59g, and 88.78g, 
respectively. These records are relatively lower than the 
average length-weight measurements of Holothuria 
atra in the current study (Table 1). The morphometric 
characteristics of commercially important holothurian 
species in the western central Pacific region were 
further studied (SPC, 2003), which recorded 
comparatively lower respective measurements (25cm, 
and 400g) for A. miliaris from the aforesaid Pacific 
region. Further, the average length-weight 
measurements of Holothuria atra (20cm, and 200g), and 
Thelenota ananas (45cm, and 2500g) collected from the 
western central Pacific region (SPC, 2003) were found to 
be significantly different compared to the results of the 
current study.  

Length-weight measurements are considered as 
growth parameters of a particular species. Changes in 
the above parameters of the same species at different 
geographical locations indicate the overall 
environmental quality in their respective habitat/s, 
including food abundance, growth rate, and biological 
characters of the species, and differences in applied 
fishing efforts (Gonzalez-Wangüemert et al., 2014). 
Genetic effects, in addition to the environmental 
factors, are also responsible for the inter-specific 
variations of respective growth parameters of aquatic 
organisms. 

All the computed “b” values for each sea cucumber 
species were statistically different compared to the 
reference test value of “3” (b ≠ 3). When b=3, isometric 
growth where increment rate of length is proportionate 
or equals to increase the weight of relevant species. If 
the “b” value is higher than “3”, positive allometric 
growth is indicated with a faster weight increment rate 
than the length increment. If the regression coefficient 
is lower than value “3”, negative allometric growth is 
recorded by the respective species. Accordingly, the 
current study identified that all the derived “b” values in 
the models were less than “3” by exhibiting a negative 
allometric growth pattern for all sea cucumber species 
(Froese, 2006; Pauly, 1980). This finding signifies the 
more elongated body of sea cucumbers as a distinctive 
morphological character by emphasizing that the rate of 
length increment is higher than that of the weight 
increase of sea cucumbers in the study sites (Veronika 
et al., 2018). Further, this growth pattern emphasizes 
that all the sea cucumbers species are likely to be 
gaining less weight in all the sampling locations.  

The current result is further agreed with the former 
study findings conducted in the northeast coastal region 
of Sri Lanka, as H. spinifera (1.89), B. marmorata (1.11), 
S. naso (1.02), and H. atra (1.22) produced lower b 
values. Thus, elongated body shape is a typical 
morphological character of the most abundant sea 
cucumber species identified from both southern and 
north-eastern regions of Sri Lanka. Also, H. spinifera, B. 

marmorata, and H. atra collected from the Gulf of 
Mannar, India, have recorded negative allometric 
growth patterns (b<3), confirming current findings 
(Venkataraman, 2007). In the north-western coastal 
zone of Yucatan state, Mexico, the overall growth 
pattern of Isostichopus badionotus was found to be 
negative allometric (b<3) with seasonal variations of the 
growth rate of this species. A slow or zero growth rate 
was identified from October to November, with 
severe/harsh weather situations from the north-
western coastal shore of Yucatan state, Mexico (Poot-
Salazar et al., 2014). 

Extremely lower “b” values of particular species 
were found to be associated with their feeding 
mechanisms and adverse climatic/seasonal effects 
(Ahmed et al., 2018; Kamaruzzaman et al., 2010). Some 
sea cucumber species are deposit-feeders, and they 
usually ingest the sediments rich in organic matter in 
their living environment (Slater & Carton, 2009). The 
qualitative, and quantitative characters of coastal, and 
marine sediments are modified due to the prevailing 
post-monsoonal event (e.g., increasing grain size of 
sediments) and consequently affected the organic 
matter content in the sediment. Accordingly, changes in 
sediment characteristics negatively impact on food 
availability of sea cucumbers and therefore influence 
their growth in terms of negative allometric growth 
(Ahmed et al., 2018; Kamaruzzaman et al., 2010).  

When the location was separately considered, 
regression model of length-weight relationship derived 
for Isostichopus badionotus showed an isometric growth 
pattern (“b” value closer to “3”) at Progreso in the north-
western coast of Yucatan state, Mexico (Poot-Salazar et 
al., 2014). However, many works of literature had 
recorded the allometric growth pattern for the most of 
common holothurian species found in many marine 
ecosystems worldwide (Ahmed et al., 2018; Aydin, 2020; 
Bulteel et al., 1992; Gonzalez-Wanguemert et al., 2014; 
Herrero-Perezrul & Reyes-Bonilla, 2008; Soedarto & 
Tembalang, 2019; Ramon et al., 2010).  

During allometric growth patterns, either the rate 
of length increment or weight gain is relatively faster for 
a particular species (positive or negative allometric 
growth). Both these growth patterns seem to be 
advantageous by declining the mortality rate of sea 
cucumber species through predatory activities in their 
respective habitats (Coulon & Jangoux, 1993; Vergara-
Chen et al., 2010; Zakanidis et al., 2010). However, the 
regression models of length-weight relationships and 
derived “b” values within the same species but different 
stocks (intra-specific) depends on several factors, such 
as climatic condition (pre-monsoon, monsoon, and post-
monsoon), the healthiness of individuals, fishing season, 
and geographical location, while respective inter-
specific relationships change with the body shape, which 
is unique to certain species, apart from above factors 
(Ahmed et al., 2018; Herrero-Perezrul & Reyes-Bonilla, 
2008; Medina-Reyha, 2001; Prasad, 2001). These 
biometric relationships are essential in estimating 
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different factors and indices such as growth parameters 
which act as the direct indicators in the population 
dynamics of aquatic organisms. 

The condition factor acts as the indicator reflecting 
the living environment condition and the well-being of 
the individual organism (Pauly, 1980). Thus, K is 
commonly used to identify the quality of habitats where 
sea cucumbers live and the healthiness of organisms in 
most population dynamics, fisheries management, and 
fish biology studies (Nash et al., 2006). Overall, the 
physical state of all the sea cucumber species found to 
be optimum in all three study sites when considering the 
respective values of condition factor, which was greater 
than “01”. Another past study had recorded that all 
identified sea cucumber species were in a good physical 
state by recording the mean condition factors (K) for H. 
spinifera, H. atra, S. naso, and B. marmorata as 
(3.89±1.03), (2.69±1.34), (3.56±1.73) and (4.12±2.21), 
respectively, in the north-eastern coastal region of Sri 
Lanka (Veronika et al., 2018). The average condition 
factor values of H. tubulosa, H. polii, H. mammata, and 
H. sanctori were at the range of (1.73-4.45) at the 
Aegean Sea in territorial waters of Turkey where sea 
cucumber harvesting is legally practiced, and the stock 
density of sea cucumbers is at a higher level (Aydın, 
2020). These past findings are compatible with the 
present results except the condition factor values 
recorded for Holothuria atra from study sites (Table 3). 
Relatively lower Fulton’s condition factor values were 
reported for Holothuria atra collected from different 
sites (Menjangan Kecil: 1.91, Menjangan Besar: 1.89, 
Wisma Apung: 1.37, Alang-alang: 1.34) in Karimunjawa 
National Marine Park region, Indonesia (Soedarto & 
Tembalang, 2019). Since K>1 (1.34-1.91), adequate food 
surplus for sea cucumbers in the respective waters of 
Indonesia has been revealed by the aforesaid study.  

Condition factor (K) for Juvenile stages of 
Holothuria scabra had a significant negative linear 
relationship with Body Length (BL), Body Volume (BV), 
and Body Weight (BW) (Watanabe et al., 2011). 
Compared to the other taxonomic groups having 
exoskeletons, the “K” factor is not an effective index in 
assessing the nutritional state of H. scabra due to the 
associated changes in their body weight and size 
(Watanabe et al., 2011). Based on the condition factor, 
this study reveals the optimum environment quality for 
aforesaid sea cucumber species in study sites of the 
southern coastal zone, Sri Lanka. Moreover, the authors 
recommend conducting a comprehensive feasibility 
study on other physicochemical water quality 
parameters, environmental factors, and appropriate 
survival conditions of sea cucumbers in the selected 
sites for further confirmation. 

The length-weight relationships and Fulton’s 
condition factor values would be highly useful in 
implementing sustainable sea cucumber fisheries 
management programs in respective coastal and marine 
regions (Froese, 2006). Accordingly, scientific studies 
are recorded on sea cucumber fishery, management 

practices, and their population dynamics aspects as an 
approach toward the sustainability of the identified 
stocks. Anderson et al. (2011), Purcell et al. (2012a, b), 
and Toral-Granda (2008) have studied the current status 
and adopted management measures for the sea 
cucumber fishery in five regions across the world. For 
sustainability and conservation of the sea cucumber 
populations along the Aegean Sea, Turkey, it is 
recommended to (i) maintain the fishery efforts of H. 
polii, and H. tubulosa, (ii) establish the protected areas 
by prohibiting the harvesting of sea cucumbers for 
maintaining healthy populations through providing 
conditions for the new recruitment along nearby regions 
of Aegean sea, (iii) conduct scientific studies on 
assessing the harvested sea cucumber stocks and 
calculate the recovery time of sea cucumber 
populations in the North Turkish coastal region, and (iv) 
identify and re-establish the species-specific closed 
fishery season by considering the reproductive cycle of 
each sea cucumber species (Gonzalez-Wanguemert et 
al., 2014). Isostichopus badionotus stock was identified 
along the northern Yucatan Peninsula continental shelf 
during the last decade. This stock gained a high demand 
among sea cucumber harvesters and traders, revealing 
a new array of expansion and development of sea 
cucumber fishery (Alfonso et al., 2004). Since I. 
badionotus has played a significant role in sea cucumber 
fishery in Cuba, Venezuela, and Panama along the 
western Atlantic region, the distribution, abundance, 
and biomass assessment of this species have been 
scientifically investigated for sustainable fishery 
management practices (Alfonso et al., 2004; Selenka, 
1867).  

The basic need for initiating mariculture of sea 
cumber is selecting a suitable site by concerning the 
selected species’ requirements. Habitat characteristics 
are constantly changing in a dynamic coastal and marine 
environment; therefore, the use of temporal condition 
factor based on the species’ length-weight data is one of 
the fundamental reliable methods to select an 
appropriate site. This is the first study focused on length-
weight measurements and condition factors of sea 
cucumbers species in the Weligama-Mirissa-
Bandaramulla area as a subsite of the southern coast of 
Sri Lanka. Although sea cucumber farming has been 
tested in some regions (e.g., north-western, and 
northern provinces), the aforesaid sites in the southern 
province have not been considered for exploring the 
cultural potential of sea cucumbers in Sri Lanka. 
Therefore, we recommend initiating feasible scientific 
studies/projects to identify the potential/s in sea 
cucumbers’ site-specific mariculture farming practices in 
this area. Also, regular monitoring and surveys on sea 
cucumber abundance and distribution patterns help 
protect the existing sea cucumber diversity in these 
subsites. 
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Conclusion 
 

This study investigated the species diversity, 
length-weight relationships, and condition factors of sea 
cucumber species in a selected region of the southern 
coastal zone of Sri Lanka. Four sea cucumber species, 
i.e., Holothuria atra, Bohadschia marmorata, Actinipyga 
miliaris, and Thelenota ananas, were recorded from the 
study sites. The species diversity of the sea cucumbers 
in the Mirissa site was higher than that of Bandaramulla 
and Weligama. This finding emphasizes that habitat 
characteristics were instrumental in determining the sea 
cucumber diversity in a respective ecosystem. Three of 
the identified sea cucumber species exhibited a strong 
regression model of length-weight relationship and 
negative allometric growth patterns. Study sites in the 
southern coastal region endow with a healthy living 
environment for optimum growth of sea cucumbers. 
Thus, this study further recommends a thorough 
scientific investigation on confirming the habitat 
suitability and identifying the mariculture potential of 
the aforesaid species in the study sites of southern Sri 
Lanka. Our findings would probably serve as baseline 
information that benefits managing and conserving sea 
cucumber resources in Sri Lankan coastal waters.  
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