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Effects of Temperature on Hatching Rate and Incubation Period of

Spotted Babylon Snail (Babylonia areolata) Egg Capsules
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Abstract

A study was conducted to determine the effects of temperature on the hatch rate and
incubation period of spotted babylon snail (Babylonia areolata) egg capsules. The experiment
was conducted with eight treatments, different temperature levels (20°, 22°, 24°, 26°, 28°, 30° C,
control without air conditioning (fluctuated between 26-31° and average at 28°C)) and control
with air conditioning (average at 21°C) with 3 replicates. Egg capsules held in low temperature
treatment (20°C) had the lowest hatch rate (90.30+3.56%) and longest incubation period
(7.33+0.58 days), a result which differs significantly from all others. Egg capsules held at control
with air conditioning had the highest hatch rate (96.02+1.01%). Egg capsules held at 26°C
(5.0040.00 days) had the shortest incubation period. In the present study, the effect of

temperature fluctuation is also discussed.
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Introduction

Marine benthic organism abundance, distribution and physiological metabolism have
always been affected by environmental factors especially the species inhabited in intertidal
zone (Furlan et al., 2013; Fitzgibbon et al., 2017). Several factors, such as dissolved oxygen, pH,
starvation, and salinity impacted metabolism systems by the period of the aquatic animal was
exposed to stress conditions and the nutritional state of the animal all play a part (Hajimad &
Vedamanikam, 2013; Newell & Bayne, 1973). Temperature is a crucial environmental factor from
both the aquaculture and toxicological point of view owing to this parameter influence the
development and settlement to the juvenile stage of many species of marine invertebrate
larvae and also could escalate and decline the toxicity of heavy metals (Shieh & Liu, 1999,
Vedamanikam & Hayimad, 2014; Bracino et al., 2020). Nevertheless, an increasing temperature

technique has been used widespread in aquaculture field and well-documented which could be
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concluded that the elevation of temperature would increase animal metabolism and food
consumption subsequently improve growth rate but this technique could affected the animals
smaller size and fragile to the environment (Dubber et al., 2004; Liddy et al., 2004; Perara et al,,
2007; Fitzgibbon & Battaglene, 2012). Smith et al. (2002) and Matsuda et al. (2012) supported this
principle as well by describing that marine crustacean would grow faster and moult frequently if
elevated temperature in grow-out tank and the deformity of the animals could be found if
applied at embryonic stage. Thus, effect of temperature on embryonic stage in marine
invertebrate is very interesting and need to be investigated in order to develop and increase
information on breeding technology, toxicity and aquaculture aspects.

Spotted babylon snail or ivory shell (Babylonia areolata Link 1807) is a commercial
gastropod consumed and cultured widely throughout Asia, with China, Thailand and Vietnam as
the main markets (Ruangsri et al., 2018; Chen et al., 2010; Kritsanapuntu et al.,, 2007). This snail
can be found in natural habitat at seabed 5-15 m depth with muddy or mud sandy bottom
throughout Indo - West Pacific coastal region (Petsantad et al, 2020). The importance of
B. areolata value in world market has been tremendous, with a good taste, high nutritional
minerals and price (250-500 Thai baht/kg), fast growth and relatively simple culture techniques
make this gastropod has been top commercial marine gastropod in Southeast Asia,
consequently, the wild stock of this animal is drastically overexploited (Abol-Munafi et al., 2010;
Chen et al,, 2010; Petsantad et al,, 2020; Di et al., 2020). In present days B. areolata culture
techniques have been developed and well-documented in various aspects such as larval rearing
(Hayimad et al,, 2008; Abol-Munafi et al., 2010), juvenile rearing and aquaculture systems
(Chaitanawisuti & Kritsanapuntu, 2000; Chaitanawisuti et al., 2001a, 2001b; Kritsanapuntu et al,,
2006, 2007; Zhou et al., 2007) polyculture system (Kritsanapuntu et al., 2006, 2008; Dobson et
al., 2020) and reproductive biology (Sriwoon & Poonsud, 2019; Di et al, 2020) but egg
capsules/embryonic stage information have been scarce.

Egg production of spotted babylon snail has been important subject for selective
breeding program supporting aquaculture economic and studied extensively such as chemical
composition (Chaitanawisuti et al., 2011; 2019), effect of formulated diets on egg quality
(Sangsawangchote et al,, 2010). This snail spawns by laying egg cluster around 18-75 egg
capsules per spawning, fecundity estimated 170-1850 eggs per egg capsule (Phuc et al., 2001).
Research on egg production need to be conducted in order to increase biological data base on
this species so this study was determined to assess the hatch rate and incubation period of

spotted babylon snail egg capsules and create a data base on temperature experiments.
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Materials and Methods

Location and Broodstock Acquisition

The present study was conducted at the Institute of Oceanography (for egg incubation
experiment) and Institute of Tropical Aquaculture Hatchery (for broodstock rearing and
reproduction), Universiti Malaysia Terengganu (UMT), Terengganu, Malaysia. Broodstock of the
spotted babylon snail (Babylonia areolata) was purchased from Sakom Research and Hatchery
Aquatic Animal Unit, Prince of Songkla University and a private gastropod farm in Narathiwat
Province, Thailand due to the specimens were not enough from the first site. The broodstock
was transferred to UMT immediately after purchasing then stocked in the Marine Hatchery near
the Institute of Tropical Aquaculture. Before transferring to a fiber tank (size 1.50 x 0.80 x 0.70 m;
length: width: depth), the snails were put together in the aquariums for shell rubbing and then
dipped in freshwater for 10-20 seconds to eliminate epifauna organisms attached to the shell
(Abol-munafi et al., 2010). They were then acclimated to the new water temperature (27 °C) and
salinity (33+1 ppt) for 30 minutes before being deprived of food for 2 days. Observations took
place every hour, for 6 hours, to prevent temperature and salinity shocks. Dead animals were
removed as soon as found. After two days, spawning was stimulated by maintaining them in a
recirculating sea water system and feeding them once a day with various types of food such as
fish (Selaroides leptolapis), squid (Sepia sp.), shrimp (Litopeneas venamei) and crab (Portunus
pelagicus). Sea water in the recirculating system was evaluated for water quality once a week. If
the water level in the culture tank was too low due to leakage or evaporation, the water was

replaced.

Experimental Design

Newly spawned egg capsules of spotted babylon snail (B. areolata) were tested with
eight treatments and 3 replicates. We used different temperature levels: 20°, 22°, 24°, 26°, 28°,
30°C, control without air conditioning (at average room temperature 28°C) and control with air
conditioning (at average room temperature 22°C). Temperature and growth chambers at both
institutes mentioned above were used during the experiment to maintain temperature control.
We incubated five egg capsules in a 300 ml experimental cup until hatching. Before beginning,
the egg capsules (width and length, 0.64+0.07 and 2.17+0.15 cm, respectively) were dipped in
fresh water for 10 seconds to eliminate sand or marine copepod and parasites attached on the
surface before transferring them to the experimental cup (Abol-Munafi et al., 2010). We then
counted the eggs in the egg capsule to determine fecundity and calculate the final hatch rate.
Eighty percent of sea water in the experimental cup was changed daily to replenish and

maintain element and water quality (the egg capsules were not experienced any changes

—

»nsaisinaluladua:uionssumumisineas UKISNeNdousiEasisuasuns UR 1 aduf TunsAu - OAUIBU 2565




Journal of Technological and Innovative Agriculture [ITIA)
PRINCESS OF NARADHIWAS UNIVERSITY

temperatures due to the sea water used in changing were stocked in the same growth chamber
treatment). The egg capsules were observed daily to determine the incubation period. Data are
presented as mean + standard deviation (SD). The statistical significance of differences among
treatments was determined using one-way analysis of variance (ANOVA), and Duncan’s multiple

range test (P<0.05) was applied to detect significant differences between means (P<0.05)

Water Quality Monitoring

During the experimental period, the treatments were monitored four parameters of
water quality: temperature, salinity, pH and dissolved oxygen. We observed these parameters
daily by using a YSI 556 multimeter and a YSI 30-10 FT. We occasionally used a refracto-
salinometer as the multimeter did not function properly on salinity measurements. All
parameters observed in this study were within accepted standards (Kritsanapuntu et al., 2007).
Measurements showed salinity 34.74+1.34 ppt, dissolved oxygen 6.23+0.88 mg/L, pH 8.05+0.01.
Temperature in control with air conditioning was 21.29+41.12°C. In control without air
conditioning it was 28.30+1.83°C (fluctuated ranged 26-31°C). In other treatment, we monitored

temperature of not more or less than +1°C.

Results

Table 1 and Figure 1 show the results of the incubation period and hatch rate. Egg
capsules at temperature 26°C showed the fastest period (5 days) of hatching without any
deformity (Normal shell, Velum movement). The incubation period of 26°C treatment was
significantly shorter (P<0.05) than 20°, 22° 24°C treatment (7.34, 6.33 and 6.33 days,
respectively) and control with air conditioning (6.67 days), but not significantly different (P>0.05)
from the rest of the treatments. The highest hatch rate (96.02%) is found in control with air
conditioning treatment (average temperature 22°C), a significant difference (P<0.05) from either
the 20°C (90.30%) or control without air-conditioning (91.24%) treatments. There were no
significant differences (P>0.05) on incubation period within the remaining treatments (22°-30°C)
which showed the same trends (6.00-6.33 days).
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Table 1 The incubation period and hatch rate of the spotted babylon snail (Babylonia areolata)
egg with different temperatures. Values are means +SD (n = 3) from three replicate. Means in

the same column with different superscript letters are significantly different (P<0.05).

Temperature (°C) Incubation period (days) Hatch rate (percents)
20+0.37 7.33+0.58° 90.30+3.56°
22+0.52 6.33+1.15> 95.24+1.18"
24+0.54 6.33+0.58" 94.79+0.30°
26+0.48 5.00+0.00° 92.03 +2.60°"
28+0.58 6.00+0.00° 92.44+0.85"
30+0.73 6.00+0.00% 94.62+1.68"

Control with air conditioning 6.67+0.58" 96.02+1.01°
(21.29+1.12)

Control without air conditioning 6.00+0.00% 91.24+3.28%
(28.3+1.83)
percent
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Figure 1 Hatch rate percentage of spotted babylon snail (Babylonia areolata) eggs with different

temperatures with standard deviation bar (n=3) from three replicate.

Discussion

Temperature has been subjected to investigate for over decades due to climate
changes perspective received much attention and cause various oceanic activities included
reproductive performances, growth rate and maturation (Reid et al., 2019). It has been noted

that the most benthic marine invertebrate have planktonic larvae stages and this life stage is
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susceptible to environmental changing and temperature fluctuation have been a substantial
factor which could lead mortality and deformity to the aquatic organisms, especially in
embryonic and larval stages (Shieh & Liu, 1999; Zheng et al,, 2010). From the experiment, at low
temperature (20°C) the spotted babylon snail eggs were highly impacted by reduction of hatch
rate and delayed incubation period. Temperature fluctuations also affected hatch rate of egg
capsules in control without air conditioning. Average temperature in control without air
conditioning treatment was 28°C with daily fluctuations (day time 31°C and night time 26°C), in
this temperature treatment showed a lower hatch rate (91.24+3.28%), significantly lower
(P<0.05) than control with air conditioning (96.02+1.01%). These results could be explained that
low temperature and the fluctuation influenced the absorption and conversion ability of the
embryo, consequently reduced the hatch rate (Lu et al., 2016). According to Deschaseaux et al.
(2011), temperature change could disturb total antioxidation capacity, lysosome integrity
membrane stability on three species of intertidal gastropod embryos (Benbicium nanum,
Siphonaria denticulate and Dorabrifera brazieri) and cause higher mortality if the temperature
and salinity fluctuation occurred at the same time.

Karvonen et al. (2010) implied that aquatic animals exposed to higher temperature level
especially in younger stage would have increased metabolism and relatively active in gasses
transmission which facilitated fitness and survival. This theory agreed by Lima & Pechenik (1985)
who explained that at higher temperatures the gastropod (Crepidula plana) egg and larvae were
accelerated to hatch and spontaneous metamorphose but C. plana larvae did not increase
growth rate at 20-25°C. At 30°C the larvae stressed 100%, then mortality followed if
temperatures exceeded 30°C. Present study found out that at 22 -28°C, there were no significant
differences (P>0.05) in hatch rate or hatch period, which indicates that these temperatures are
optimal for egg incubation of B. areolata and the results show the same trend as Lu et al.
(2018) who described that B. areolata juvenile showed fast growth and high survival rate at
26+1°C. Sriwoon & Poonsud (2019) indicated further that the breeding activity (mating, spawning)
of spotted babylon snail was relatively active during summer where the water temperature were
in ranged as the present investigation.

We concur with previous findings that temperature fluctuation reduces hatch rate and
plays an important role on egg incubation. We further find that the B. areolata egg should not
be exposed or cultured in temperatures under 20°C, or in fluctuating conditions, to maintain a
high hatch rate and reduce the incubation period due to longer the specimens exposed, the
degradation in molecular structure keep on going such as thermals changes, gas absorption
decreases resulting in death later. The conclusion of this study is the optimum temperature for

egg capsules of B. areolata is from 22-30°C.
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