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Introduction

Laevistrombus canarium (Linnaeus 1758) is an 
important gastropod mollusc generally known as 
dog conch or locally known as ‘siput gonggong’. 
According to Abbott (1960), this marine conch 
is originated from the coastal waters of Indo-
Pacific region and is widely distributed from 
southern India to Melanesia, extending north to 
the Ryukus in Japan and south to Queensland, 
Australia and New Caledonia. This gastropod 
species in Peninsular Malaysia are mainly 
found in the Johor Straits (Cob et al., 2008) 
and other areas such as Pulau Tinggi and Pulau 
Besar, in eastern Johor, and in Port Dickson and 
Teluk Kemang in Negeri Sembilan. Dog conch 
lives on muddy sand bottoms among algae and 
seagrass beds on peninsular and continental 
shores (Poutiers, 1998). This mollusc species 

is essential as a staple food, especially for local 
communities (Poutiers, 1998; Arularasan et al., 
2010), as well as other uses as ornaments or 
decorative (Latiolais et al., 2006) and fishing 
equipment.	

Amini (1986), Erlambang and Siregar 
(1995) and Cob et al. (2009a) reported that 
this species is relatively less known and 
not extensively studied as compared to the 
commercially important conch from other 
region such as the queen conch, Lobatus gigas, 
the milk conch, Lobatus costatus and the 
fighting conch, Strombus pugilis. Knowledge on 
various physiological parameters such as food 
consumption, food absorption efficiency and 
food energy absorbed are therefore extremely 
vital and urgently useful. To date, information 
regarding the food consumption and assimilation 
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of this marine species are very scarce and 
limited. 

Doxa et al., (2013) stated that feeding 
is vital for all physiological parameters, thus 
understanding the feeding behavior is crucial 
for the successful adaptation, maintenance and 
welfare of the animals especially in captivity. In 
addition, according to Staikou and Lazaridou-
Dimitriadou (1989), ingestion and assimilation 
are important phases of energy transport from 
one trophic level to another and many gastropods, 
being primary consumers, play an essential role 
in the ecosystem functioning. Therefore, it is 
crucial to conduct a quantitative study on food 
consumption and assimilation in snails in order 
to evaluate their role in an ecosystem (Mason, 
1970; Charrier & Daguzan, 1980; Staikou & 
Lazaridou-Dimitriadou, 1989). 

Among the environmental variables, 
many studies have reported temperature as the 
most important extrinsic factor affecting the 
physiological states of ectotherms (Fry, 1971; 
Daoud et al., 2007; Jahangir et al., 2011). 
Therefore, it was hypothesized that temperature 
plays a significant role in the physiology and 
growth of L. canarium, particularly in the 
food consumption and assimilation efficiency. 
Optimal temperature conditions for growth 
might considerably vary between different 
life stages such as larvae, veligers, juvenile, 
sub-adult and adult. Moreover, the parameter 
component of the energy budget at different 
life stages might have large influence on the 
proportion of ingested energy that can be devoted 
to growth (Vernberg & Piyatiratitivorakul, 
1998). However, impacts of temperatures on 
the energetics of the juvenile stage have not 
been thoroughly studied. Advantage working 
with juveniles is that the interference from 
gonad development (gametogenesis) and other 
reproductive factors can be excluded, thus less 
complicated (Bashevkin & Pechenik, 2015).

The Merambong shoal is located in the 
western part of the Straits of Johor, Malaysia. 
This seagrass bed shoal is one of the most 
important and most extensive seagrass habitats 
particularly in Peninsular Malaysia. This dense 

seagrass meadow provides a suitable place for 
breeding, as a nursery, for protection and as a 
feeding ground, for marine animals (Bujang, 
1994, Bujang et al., 2001; Bujang & Zakaria, 
2003). The L. canarium has high market value 
and is in high demand in many parts of Southeast 
Asia, and it is now undergoing rapid development 
for introduction into aquaculture. Thus, 
information regarding the food consumption and 
assimilation efficiency, and factors controlling 
them are urgently needed. The objectives of 
this study are therefore to investigate the food 
consumption, food absorption efficiency and 
food energy absorbed by juvenile of L. canarium 
at different temperature regimes.

Materials and Methods
Field Sampling and Collection

Live samples of juvenile L. canarium were 
collected on several occasions between 
December 2013 to May 2015 at Merambong 
shoal, Johor Straits (01°19′N, 103°35′E) (Figure 
1). The juvenile stage can easily be identified by 
several criterias, such as shell thickness, shell 
flaring (outward growth of the outer columella 
lip) and the thickness of the flared lip (CFMC, 
1999; Cob et al., 2009b). 

Acclimatization

Upon returning to the Marine Science wet 
lab, Universiti Kebangsaan Malaysia, the 
gastropods were acclimatized in stocking 
aquaria with well-aerated seawater (salinity: 30 
PSU, ambient temperature: 26°C) for one week 
prior to experimentation. During acclimation, 
marine sinking pellets were offered daily to L. 
canarium as food. The seawater was changed 
once every three days to prevent accumulation 
of metabolic wastes and dead individuals were 
removed when encountered. Prior to laboratory 
experimentation, gastric emptying levels of the 
snails were standardized by allowing them to 
feed on pellets to satiation and then starving 
them for 24 hours. Samples were selected based 
on their health and activeness. The shell length 
and body weight were recorded and then snails 
were transferred to experiment tanks with four 
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different temperature regimes (22°C, 26°C, 30° 
and 34°C). The test temperature regimes were 
selected following suggestion by IPCC, (2007). 

Experimental design 

Forty L. canarium juveniles with shell length 
between 33.00 to 49.00 mm and body weight 
between 4.16 to 10.69 g were used for this 
experiment. The experimental setup is as shown 
in Figure 2 (Tank 1 to Tank 10 as experimental 
tanks, while T0 act as a control tank). Each 
sample (one sample per tank) were placed in 
aquaria with similar sized (20 x 15 x 15 cm) 
containing 4 L of well aerated and filtered 
seawater (0.45 µm). Control tank, T0 with 
animal but no foods was also set up to obtain a 
correction factor for each experiment. Screen of 
1.00 mm mesh size were fitted at the inflow and 
outflow of each tank, which prevent the food and 
faeces from escaping. Each tank was provided 
with uniform quantity (102.24 ± 0.44 mg) of 
marine sinking pellets (HIKARI MARINE 
MARINE-S-™, crude protein min 48%) and the 

The shell length was measured to the nearest 
0.01 mm using a vernier caliper and the body 
weight to the nearest 0.01 g using a digital scale.

conchs were allowed to feed within 24 h period. 
The food selection of the gastropod is caused 
by the qualitative composition of the food and 
its quantitative accessibility as well as by the 
dietary needs of the gastropods (Calow 1970; 
Van der Steen et al. 1973; Egonman 2007). After 
24 h of feeding period, the seawater flow was 
stopped and the remaining uneaten pellets and 
faeces were collected and weighed. All weighing 
in this study were conducted to the nearest 0.1 
mg using an analytical balance (A&D Company, 
Limited). The food consumption (FC) was 
calculated using the equation below (Britz, 
1995):

FC (mg) = F-R

Where, FC = consumption (mg), F = initial food 
weight (mg) and R = weight of food remaining 
(mg) after feeding.

Figure 1: The study area (black triangle). Samples collection was conducted at the Merambong Shoal, Johor 
Straits, Malaysia.
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Figure 2: Experimental setup for juveniles Laevistrombus canarium food consumption study

The conch faeces were collected at every four 
hours up to the end of the experiment (the next 
24 to 48h). The faecal pellets were collected 
using Pasteur pipettes and rinsed with filtered 
seawater (47 mm diameter, 0.45 µm, Whatman 
GF/F). The remaining salt adhered to the faeces 
were washed using distilled water (Smaal & 
Widdows, 1994), before drying in an oven to 
a constant weight at 60 °C for 24 h. The dried 
faeces were allowed to cool to room temperature 
in a desiccator and then re-weighed. Afterwards, 
they were ashed in a muffle furnace at 550 °C for 
3 h, cooled to room temperaturein desiccators 
and finally re-weighed to estimate the organic 
content. Food absorption efficiency (AE) was 
determined by calculating the organic and 
inorganic (ash) content of the ingested food and 
faeces, following the method of Conover (1966) 
and Bayne and Newell (1983):

AE (%) = (F-E)/[(1-E)F] x 100

Where, F = ash-free dry weight: dry weight ratio 
of food (g), and E = ash-free dry weight: dry 
weight ratio of the feaces (g).

The energy content of the food was 
determined by using bomb calorimetry 
(PARR6100, Parr Instrument Co.). Each sample 

was pounded to a fine powder using pestle and 
mortar. The conversion factors was 1 g dry pellet 
weight = 16469.46 J. The food energy absorbed 
was measured following Widdows and Johson 
(1988) and Sobral and Widdows (1997).

EA (J h-1) = FC x AE x E

Where, EA = food energy absorbed (J h-1), FC 
= food consumption rate (g h-1), AE = food 
absorption efficiency (%) and E = Energy 
content of food (J g-1).

Data Analyses

Prior to any statistical analyses, data distributions 
were tested for normality and homogeneity 
of variances. Similarities in variance and 
covariance were tested using Bartlett’s test for 
univariate. Differences in food consumption, 
food absorption efficiency and food energy 
absorb between the four temperature regimes 
were then further analyzed via the univariate 
method, i.e. one-way ANOVA, followed by an 
appropriate post-hoc analyses (Tukey test), at 
P=0.05 probability levels. Statistical analyses 
were conducted using MINITAB® 14.1 statistical 
software.
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Figure 3: Food consumption rate (mg h-1) of juveniles Laevistrombus canarium at different temperature 
regimes. Values are means ± SE (n=10).

Figure 4: Food absorption efficiency (%) of juveniles Laevistrombus canarium at different
temperature regimes. Values are means ± SE (n=10).

Results 

There was a very significant effect of temperature 
regimes on food consumption in juveniles 
L. canarium (Figure 3, one-way ANOVA, 
p<0.0001, F = 18.38). Food consumption rate 

The temperature regimes also showed highly 
significant effect on food absorption efficiency 
(AE) in the juveniles L. canarium (Figure 4, one-
way ANOVA, p<0.0001, F = 36.41). The mean 
AE was highest at 26 °C followed by 30, 34 and 

(FC) was highest at 26 °C followed by 30, 34 
and 22 °C. The FC values of the conch cultured 
at 26 °C (3.54 ± 0.13 mg h-1), 30 °C (3.45 ± 0.14 
mg h-1) and 34 °C (3.04 ± 0.26 mg h-1) were 
significantly higher compared with 22°C (1.87± 
0.15 mg h-1).

22 °C. The AE values of the conch cultured at 
26 °C (73.76 ± 2.26 %) and 30 °C (73.28 ± 2.00 
%) were significantly higher compared with 34 
°C (52.40 ± 2.37%) and 22 °C (50.14 ± 1.87%).
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The food energy absorbed (EA) of juveniles L. 
canarium also varied significantly with different 
temperature regimes (Figure 5, one-way 
ANOVA, p<0.0001, F = 34.26). Highest EA was 
recorded at 26 °C, followed by 30, 34 and 22 °C. 

Discussion

The present study has demonstrated a high 
food consumption and assimilation rates of 
juveniles L. canariumat 26 °C followed by 30, 
34 and 22 °C. The L. canarium juveniles were 
slightly tolerant and readily acclimatized to the 
laboratory condition. Previous study by Kinne 
(1971) described that marine invertebrates 
have the capacity to modify their response 
to temperature through acclimatization thus 
increase their capacity to survive, reproduce or 
compete under new conditions. In the present 
study, the food consumption of juveniles at 
higher temperature regimes (26, 30 and 34 °C) 
was significantly higher than 22 °C (p<0.05). 
Staikou and Lazaridou-Dimitriadou (1989) 
described that increasing mean values of daily 
consumption and assimilation rate in juvenile 
snails may be due their high metabolic rate.

The variation of food absorption efficiency 
in juveniles L. canarium between 50.14 and 

There was significant between treatments where 
EA at 26 and 30 °C were significantly higher 
compared with 22 and 34 °C (P<0.05). Apart 
from that the EA at 22 °C was significantly 
lower compared with 34 °C (P<0.05).

73.76% falls within the wide range of values 
reported for gastropods. Navarro et al. (2002) 
reported food absorption efficiency ranged 
between 47 and 83% in C. giganteues, while 
Peck et al. (1987) reported between 78 and 
81% in Haliotis tuberculata. For carnivorous 
gastropods, higher values of absorption 
efficiencies have been reported such as between 
82-98% for Clioneli macina, 81-97% and Thais 
haemastoma (Bayne & Newell, 1983), and 81-
95% for Concholepas concholepas (Navarro 
& Torrijos, 1995). This could be related to the 
low concentration of ash in the marine sinking 
pellets used in the present study as compared 
with other types of food. In this study, the 
highest food absorption efficiency was recorded 
at 26°C, which may be related to the higher 
consumption rates and increased food residence 
time. This finding was in contrast with previous 
study by Navarro et al. (2002) who reported 
that temperature regimes have no effect on food 
absorption efficiency in Chorus giganteus.

Figure 5: Food energy absorbed (J h-1) of juveniles Laevistrombus canarium at different temperature regimes. 
Values are means ± SE (n=10).
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The food energy absorbed by juveniles L. 
canarium increased with increasing temperature 
regimes. This finding could be related to the 
adaptation at higher temperature as the normal 
temperature ranged at field for this species 
is between 28 to 30 °C (Cob et al., 2008).  
According to Sobral and Widdow (1997), 
temperature is one of the factors limiting marine 
animal’s distribution, affecting their activity 
level and disturbing their energy balance. This 
present study found that food energy absorbed 
at 34°C was significantly higher than 22°C. 
This present finding is similarly with previous 
study by Bashevkin and Pechenik (2015) who 
demonstrated that the food energy absorbed by 
Crepidula fornicate was significantly depressed 
at low temperatures. In contrasts, Sobral and 
Widdow (1997) reported food energy absorbed 
by Ruditapes decussatus was lower at 32°C 
compared with 20°C. Navarro et al. (2002) also 
stated lower food energy absorption at higher 
temperature for Chorus giganteus.

According to Resgalla et al. (2007), a 
complete data of the effect of temperature 
on the physiological activities of mollusc is 
fundamental for the interpretation of production 
in natural environments. Dame (1996) 
stated that most aquatic organisms cannot 
regulate their body temperature in accordance 
with surrounding environment, thus most 
physiological and biochemical processes are 
temperature dependent. Navarro et al. (2006) 
showed that food consumption and assimilation 
rates are reliable tools for estimating the 
growth of juvenile gastropod molluscs without 
intervention from reproductive processes such 
as gametogenesis and spawning, which may 
produce corresponding increase and decrease in 
the biomass of individuals.

Conclusion

The optimum temperature regimes for food 
consumption and assimilation for juveniles L. 
canarium was between 26°C to 30°C. This study 
not only determined the optimal temperature 
regimes for the best culture practice of this 

marine edible sea snail, but more importantly 
allow us to evaluate their fate in an extreme 
temperature climate. However, more studies 
are still needed, particularly by adopting longer 
exposure times as well as higher temperature 
ranges, in order to better understand the effect 
of ocean climate change on the species.
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