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Abstract — Restocking and mariculture of hatchery-bred sandfish Holothuria scabra are practiced in some
countries to restore depleting wild populations and increase the global dried frepang or beche-de-mer
supply. However, releasing cultured juveniles into the wild often results in slow growth and high predation
mortalities, which may be related to their ontogenetic level of chemosensory ability to detect food and avoid
predators. In a series of experiments using two-chambered aquaria, this study examined the preference
responses (e.g., attraction, avoidance, or stationary) of hatchery-bred sandfish juveniles when presented with
odors from predators (crab and fish), food (periphyton and formulated feed), combinations of odors, or the
absence of odors (i.e., seawater only). Two groups were tested: small-sized sandfish (3—5 g, 4 months old)
and medium-sized sandfish (15-20g, 7 months old). Results showed that sandfish, overall, exhibited the
lowest preference for predator odors, tending to remain stationary or select chambers either with seawater
only or with food odors. When presented with conflicting predator and food odors, sandfish (particularly the
small-sized group) showed a pronounced preference to be stationary, instead of being attracted to or
avoiding any chemical odors. These results indicate that sandfish juveniles can detect and discriminate
among chemical odors, with responsiveness and behavioral patterns varying across ontogenetic stages,
sizes, and rearing histories. These findings provide essential insights that may improve husbandry protocols

and optimize sandfish productivity in aquaculture or restocking operations.
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1 Introduction

Marine organisms extract information from their environ-
ment through chemical cues that mediate and influence
ecological interactions and processes critical for individual
growth, survival, and reproduction (Moore and Crimaldi,
2004; Hay, 2009; Marquet et al., 2018). The information
conveyed by these chemical cues elicits a range of behavioral
responses that may vary with the organism’s ability to detect,
discriminate, and evaluate various components of complex
environments. Chemoreception is integral to daily activities of
marine organisms, which include locating food sources
(Rodriguez and Ojeda, 1998; Tomba et al., 2001; Hay,
2009; Yamaguchi et al., 2016; Kamio and Derby, 2017) and

*Corresponding author: roselyn.noran@seafdec.org.ph

detecting predators (Delgado et al., 2002; Dalesman et al.,
2006; Monteclaro et al., 2010; Jurcak and Moore, 2014; Paul
et al., 2018; Hamel et al., 2021). Examining animal responses
to diverse chemical cues such as predator and food odors is
crucial for elucidating the fundamental biological processes
that govern growth and survival success.

In order to minimize predation risks, some animals reduce
activity and delay foraging (Epp and Gabor, 2008; Johnson and
Sullivan, 2014). Some marine animals, such as echinoids and
gastropods, show enhanced avoidance, rapid movement,
prolonged burying, and other morphological changes when
they detect predator odors, known as kairomones. (Campbell
et al., 2001; Delgado et al., 2002; Pages et al., 2021).
Meanwhile, echinoderms in the wild, such as sea cucumbers,
demonstrate a pronounced dependence on chemoreception,
which primarily drives aggregation and spawning in
Holothuria arguinensis, for instance (Marquet et al., 2018;
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Marquet et al., 2020). Chemoreception also modulates
activities among Apostichopus japonicus in response to both
food and predator odors (Yamaguchi et al., 2016). In
Cucumaria frondosa, predator odors also affect hormone
levels, which translates to some behavioral changes (Hamel
et al., 2021).

However, hatchery-bred sea cucumbers that were reared in
controlled hatcheries or sheltered environments without prior
exposure to predators may exhibit reduced responsiveness that
is different from that of their wild counterparts (Purcell, 2004,
Le Vay etal., 2007; Purcell et al., 2012; Ceccarelli et al., 2018).
Therefore, a better understanding of the chemosensory
responses of hatchery-bred juveniles is critical, especially
since the release of hatchery-bred animals into the wild is a
widely used strategy to address overexploitation and depletion
of wild stocks (Battaglene, 1999; Brown and Day, 2002).

Sea cucumbers, particularly the sandfish Holothuria
scabra, are experiencing global population declines (Conand,
1993, 2004; Purcell, 2010), making them the primary
candidate for aquaculture production in the tropics due to
their high commercial value and established hatchery methods
(Battaglene, 1999; Agudo, 2006; Altamirano and Rodriguez Jr,
2022). As slow-moving, sedentary organisms inhabiting
shallow habitats, sandfish are highly susceptible to predation
(Dance et al., 2003; Jontila et al., 2018). Sandfish exhibit some
defensive behaviors, including being nocturnal and seeking
refuge during most of the day by burying themselves in
sediments (Mercier et al., 1999; Altamirano et al., 2017,
Ceccarelli et al., 2018; Hair et al., 2020). However, these
strategies may have limited effectiveness. In some field
studies, the low survival rate of released sandfish juveniles in
intertidal nurseries and grow-out sites was frequently linked to
predation (Lavitra et al., 2009; Lavitra et al., 2015; Hair et al.,
2020). Some other studies looked into the general ecology,
natural distribution, substrate preferences, and feeding activity
of sandfish (Mercier et al, 1999; Wolkenhauer, 2008;
Altamirano et al., 2017).

However, there is still limited information and under-
standing about the behavioral responses and chemosensory
abilities of sandfish juveniles across different ontogenetic
stages, sizes, and rearing histories. Therefore, in this study, the
preference responses among hatchery-bred sandfish juveniles
were examined experimentally, focusing on their behavior and
ontogenetic chemosensory sensitivity associated with food and
predator odors.

2 Materials and methods
2.1 Study area

All laboratory experiments were conducted at the wet
laboratory of the Southeast Asian Fisheries Development
Center, Aquaculture Department (SEAFDEC/AQD), situated
in Tigbauan, Iloilo, Philippines.

2.2 Test animals

All of the sandfish juveniles used in the experiments were
produced from the sea cucumber hatchery facility of
SEAFDEC/AQD, following protocols described by
Altamirano and Rodriguez (2022). Early juveniles

(4-10mm) from the hatchery were transferred to nursery
hapa nets as described in Altamirano and Noran-Baylon
(2020). Two groups of sandfish juveniles of different ages,
sizes, and rearing histories were compared in this study. The
first category, referred to as the “small-sized” group, was
composed of sandfish juveniles at 4 months old, weighing 3—
5 g, and was only reared from nursery hapa nets for about 60
days. The second group, referred to as the “medium-sized”
group, was composed of an older batch of sandfish juveniles (7
months old) that were initially reared on nursery hapa nets up
to ~5 g for about 60 days and then transferred to a nursery tank
with sediments until they reached 15-20 g. Twenty-four hours
before the start of all experiments, the juveniles (a total of 250—
300 individuals per group) were held separately in 250-L
circular holding tanks with filtered seawater (FSW) and
aeration, but no supplemental feed was provided. These
animals served as the test pool for the experiments.

2.3 Test predators

In this study, the triggerfish Balistoides sp. (10.5cm
average total length) and the crab Thalamita crenata (5cm
average carapace length) were chosen as test predator species,
both of which are known to feed on sea cucumbers (Dance
et al., 2003; Lavitra et al., 2009; Yamaguchi et al., 2016;
Eeckhaut et al., 2020). A total of 24 healthy individuals of each
predator species were collected from a nearby intertidal area,
transported to the experimental wet laboratory, and held in
separate 250-L circular holding tanks containing filtered
seawater, continuous aeration, and shelter structures con-
structed from plastic pipes. To prevent cannibalism, crabs were
kept individually in perforated PVC pipes (diameter ~7.62 cm)
and sealed at both ends with a polyethylene net. The holding
tanks were cleaned daily by brushing the surfaces and
siphoning out water to be completely replenished. The crabs
and fish were fed ad libitum with chopped fish twice daily
(0900 and 1600 H), but no feed was provided 24 h before the
start of the experiment. Only healthy fish and crabs, having
complete appendages and no observable physical injuries,
were used.

2.4 Experimental aquaria

A modified Y-maze test was used to assess the ability of
sandfish juveniles to detect the presence of predator and food
odors. A two-chambered maze aquarium (instead of a typical
Y-shaped aquaria) made of plexiglass or acrylic, with
dimensions of 46 x 31 x 23 cm, for length, width, and height,
respectively (Fig. 1A), was utilized. At one end, the aquarium
was divided at the center by a plexiglass panel to separate the
two chambers, following the protocol of Ledesma and
Monteclaro (2018). At the other end of the aquarium was
the release point for the experimental sandfish, equipped with a
temporary partition or cubicles that could be removed after an
acclimatization period. The test odor solutions were held
separately in 20 L header tanks placed above the aquaria.
Silicone tubing from the header tanks facilitated gravity flow
of the test solutions into the respective chambers (Fig. 1B).
A control valve regulated the fluid flow rate to each chamber.
The two-chambered aquaria were similarly drained through
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Fig. 1. Experimental set-up showing the (A) two-chambered maze aquaria with sandfish in the temporary acclimation cubicles as photographed
by a night-vision camera, and (B) schematic illustration showing the location of header tanks, aquaria, and the position of the camera.

small holes (0.50 cm diameter) at the end with silicone tubing
and valves. Preliminary tests using colored dyes were
conducted to optimize the desired flow and drain cycles,
ensuring that test odor solutions did not mix between the test
chambers. Based on dye tests, the optimal flow rate was at
30ml min~".

2.5 Test odors

Predator and food odor solutions were freshly prepared at
the start of each trial. On the day of the experiment, eight test
predator crabs and eight fish were transferred separately into
holding tanks (100 L) with filtered and UV-treated seawater,
soaked for 6 h, and then returned to their holding tanks. The
water in which these test predators were soaked was collected
into the header tanks and labeled accordingly.

On the other hand, two food odor sources were used. One
was periphyton mulch, prepared by scraping off the biofilm
coating from nets used for nursery rearing of sandfish.

Periphyton on nursery nets is known as a food source for
sandfish juveniles (Sinsona and Juinio-Meiiez, 2019; Gorospe
etal., 2021). These nursery nets were conditioned in a seawater
tank for >20 days under natural light, allowing sufficient
biofilm to accumulate for collection. The periphyton material
was scraped from the nets while the nets were immersed in
filtered seawater in a clean 100 L tank. Large materials, such as
macroalgae and other fouling organisms, were removed. The
collected biofilm was further passed through a 90-pum sieve to
remove other debris, yielding a homogeneous periphyton
mulch suspension that could pass through the header tank’s
tube.

The other food odor source was a commercially prepared
formulated feed, similar in composition to a post-larval shrimp
feed (50% protein, 11% crude fat). This formulated diet is
regularly used as supplemental feed for sandfish in the
hatchery (Altamirano and Rodriguez, 2022). Approximately
100 g of feed was dissolved in 100 L seawater, filtered through
a 90-pum sieve, and stored in the header tank.

Page 3 of 11



R.D. Noran-Baylon et al.: Aquat. Living Resour. 2026, 39, No

Table 1. Experimental tests conducted to assess the chemosensory ability of sandfish juveniles.

Test number Experimental test

Test Odors

SW versus CO

SW versus FO
SW versus FF
SW versus PO
CO versus FF
FO versus PO
SW versus CO + FF

~N NN AW~

Seawater versus Crab odor

Seawater versus Fish odor

Seawater versus Formulated feed odor

Seawater versus Periphyton odor

Crab odor versus Formulated feed odor

Fish odor versus Periphyton odor

Seawater versus Crab odor 4+ Formulated feed odor

For the conflicting odor treatment, 10 L of predator crab
odor solution was mixed with 10 L of the formulated feed
suspension to produce a 20 L mixture. All test odor solutions
were homogenized by vigorous aeration prior to transfer into
the respective header tanks.

In summary, the test odors were (1) predator odor from
crabs, (2) predator odor from fish, (3) food odor from
periphyton mulch, (4) food odor from formulated feed, (5) a
combination of predator and food odor (conflicting odors), and
(6) seawater only.

2.6 Experimental design

All experiments were conducted during the dark phase,
between 1900 and 0100 H, corresponding to the peak period
when sandfish juveniles naturally emerge from being buried
and become more active (Altamirano et al., 2017). During the
preparation, spot monitoring, and termination of every
nighttime experiment, only a portable red-light lamp was
used in order to minimize the effects of light on the behavior of
the test animals. For continuous observation, a night vision
camera that recorded real-time videos was used (TP-Link
TAPO C100), mounted ~65 cm above the aquaria (Fig. 1B).
This provided an efficient and practical way of collecting and
continuously recording behavioral data.

There was a total of seven experimental tests in this study
(Tab. 1). Each experimental test compared a pair of test odors and
was replicated in three trials at weekly intervals, using three
aquaria per trial. This provided a total of nine unique observations
per experimental test. In order to minimize potential location-
based bias between chambers, the location of the header tank with
test odors was shifted (i.e., from left to right chamber and vice
versa) for all aquaria in every replicate trial.

Every trial started with a 20-min acclimatization phase for
the sandfish juveniles when they were held in a temporary
cubicle inside the respective aquarium, prior to the introduc-
tion of test odors. For “medium-sized” sandfish, four sandfish
(16.67+£1.63 g) were placed in each aquarium, while six
sandfish (4.04 £0.85 g) were placed in each aquarium for the
“small-sized” group.

After the acclimatization phase, test odors were allowed to
flow, and the temporary cubicles were removed for a 15-min
response phase. Preference responses and locations of all
sandfish juveniles were retrieved from the recorded videos at
2-min intervals, yielding seven monitoring points in every 15-
min trial (e.g., at 3, 5, 7 min, and so on).

At the end of each trial, animals were transferred to a
separate holding tank. Then, a new set of sandfish was selected

from the pool of juveniles (respective of the size groups) for
the subsequent trials. In order to prevent the accumulation of
chemical signatures in the chambers, all aquaria were drained
after each trial, thoroughly cleaned, disinfected, and refilled
with filtered and UV-sterilized seawater before new test
animals were added for the next trial.

Water parameters (DO, temperature, and salinity) were
measured before each trial using a portable multiparameter
meter (InSitu SmarTroll MP, USA).

2.7 Data collection and analyses

Preference responses were assessed separately for small-sized
and medium-sized sandfish using the 15-min point data. Every set
of observations included the number of sandfish that moved to
either of the test odor chambers or remained “stationary” (i.e.,
three possible preference responses as variables) in each of three
aquaria across three replicate trials, resulting in nine unique sets of
observations for each of the seven experimental tests. However,
since it is difficult to be certain about the non-independence
between the three possible preference responses as variables and
because of the relatively limited number of individuals used in
each aquarium, the nonparametric Friedman test was employed.
This was a repeated-measures analyses using ranks among three
possible responses for each of the experimental tests for the two
size groups. Then, a post-hoc Wilcoxon-Nemenyi test was
performed to identify significant differences for all pairwise
comparisons. Analysis was performed using Microsoft Excel
2019 with the Real Statistics Resource Pack software add-in for
Excel (Release 8.9.1), Copyright (2013—2023) Charles Zaiontz
(www.real-statistics.com).

For data visualization, preference response data (i.e., counts
of individual sandfish) were converted into percentages, and the
mean (£ SD) was calculated across nine observation sets per
experimental test and presented as bar charts. Meanwhile, the
other data on observations of preference responses collected at 2-
min intervals were used in the regression analyses to examine the
relationships between time and the mean percentage of sandfish
that moved toward a test odor chamber. All figures and
regression analyses with the coefficient of determination (R?)
were generated using Microsoft Excel 2019.

3 Results

3.1 Water parameters

During the experiments, water parameters remained stable,
with means and ranges being comparable across replicate
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Fig. 2. Mean (+ SD) preference responses of medium-sized sandfish (A) and small-sized sandfish (B) juveniles to seawater versus predator crab
odor (n=9), and preference responses of medium-sized sandfish (C) and small-sized sandfish (D) juveniles to seawater versus predator fish odor
(n=9). Different letter superscripts denote significant differences among behavioral responses at the 15-min point (Friedman with Wilcoxon—

Nemenyi test, P < 0.05).

trials. Mean water temperature was 27.65+0.34°C (26.87—
28.44°C), mean salinity was 32.60+0.50 ppt (31.37-33.41 ppt),
and mean dissolved oxygen recorded was 4.80+0.43 ppm
(3.91-5.72 ppm). There were no significant differences in water
parameters among the tanks containing test odor solutions,
holding tanks, and the seawater source (P > 0.05). Furthermore,
all parameters remained within optimal levels for the rearing of
tropical sea cucumbers, as indicated in previous studies (James
et al., 1994; Giraspy and Ivy, 2005).

3.2 Effects of predator odor

A significant difference was observed in the preference
responses of medium-sized sandfish when exposed to predator
crab odor versus seawater (X*(2)=9.25, P=0.009). Signifi-
cantly more (66.67%) medium-sized sandfish moved toward
the seawater chamber than toward the predator crab odor
chamber (16.68%) or remained stationary (16.68%) (Fig. 2A;
P =0.04 and P=0.02, respectively). In the small-sized group,
significant difference in preference responses were observed
when they were exposed to predator crab odor vs seawater
(X*(2)=12.45, P=0.001). Post hoc analysis showed that
significantly more (66.67%) small-sized sandfish remained
stationary than those moving toward the seawater chamber
(18.52%) (P =0.01) or toward the predator crab odor chamber
(14.81%) (P=0.009; Fig. 2B). In addition, more small-sized
sandfish preferred the seawater chamber than the predator crab
odor chamber, albeit the difference was not significant
(P=0.906).

On the other hand, a significant difference was observed
among medium-sized sandfish when they were presented with
predator fish odor versus seawater (X*(2) = 10.47, P =0.005).
Significantly more (55.56%) medium-sized sandfish preferred
the seawater chamber than the fish odor chamber (11.11%)
(Fig. 2C; P=0.009). However, there was no significant
difference among medium-sized sandfish that moved toward
the fish odor chamber with those that remained stationary
(33.33%) (P=0.39). In contrast, the small-sized sandfish
group had no significant difference in preference responses
when exposed to predator fish odor versus seawater
(X?(2)=4.75, P=0.09; Fig. 2D). Nevertheless, more (but
not significant) small-sized sandfish preferred to remain
stationary (48.15%) than either move toward the seawater
chamber (27.78%) (P = 0.14) or the predator fish odor chamber
(24.07%) (P=0.22).

3.3 Effects of food odor

A significant difference was observed in the preference
responses of medium-sized sandfish when exposed to
formulated feed versus seawater (X*(2)=11.09, P =0.003).
Significantly more (58.33%) medium-sized sandfish moved
toward the formulated feed chamber than remaining stationary
(13.89%) (Fig. 3A; P=0.006), but the proportion was not
significantly different from that of sandfish that moved toward
the seawater chamber (27.78%) (P =0.14). Similarly, those
that preferred seawater were not significantly different from
those that remained stationary (P=0.47). In small-sized
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Fig. 3. Mean (£ SD) responses of medium-sized sandfish (A) and small-sized sandfish (B) juveniles to seawater versus formulated feed odor
(n=9) and of medium-sized sandfish (C) and small-sized sandfish (D) juveniles to seawater versus periphyton odor (n=9). Different letter
superscripts denote significant differences among behavioral responses at the 15-min data point (Friedman with Wilcoxon—Nemenyi test,

P <0.05).

sandfish, significant differences in the preference responses
were also observed when exposed to formulated feed versus
seawater (X*(2)=12.45, P=0.001). Significantly more
(72.22%) small-sized sandfish remained stationary than moved
to the seawater chamber (12.96%) (P=0.009) or the
formulated feed chamber (14.81%) (Fig. 3B; P=0.01).

Meanwhile, a significant difference was observed in the
preference response of medium-sized sandfish when exposed
to periphyton odor versus seawater (X*(2)=11.65, P
=10.002). Significantly more (55.56%) medium-sized sandfish
moved to the periphyton odor chamber than remained
stationary (11.11%) (Fig. 3C; P=0.006). However, no
significant difference was observed in the percentage of
medium-sized sandfish that moved to the periphyton odor
chamber or remained stationary compared with those that
moved to the seawater chamber (Fig. 3C; P=0.27 and
P =0.27, respectively). In small-sized sandfish, a significant
difference in the responses was observed when they were
exposed to periphyton odor versus seawater (X?(2)=8.75,
P=0.01). Significantly more (55.56%) small-sized sandfish
remained stationary than moved toward the periphyton odor
chamber (22.22%) (Fig. 3D; P=0.04). However, no
significant difference was observed among small-sized
sandfish that moved toward the periphyton odor chamber
or remained stationary compared with those that moved
toward the seawater chamber (Fig. 3D; P=0.99 and P =0.06,
respectively).

3.4 Effects of conflicting odors (predator odor versus
food odor versus mixed predator and food odors)

A significant difference was observed in the preference
response of medium-sized sandfish when exposed to predator
crab odor versus formulated feed (X*(2) =12.06, P=0.002).
Significantly more (61.11%) medium-sized sandfish moved to
the formulated feed chamber than remained stationary
(25.00%) (P =0.04) or moved toward the predator crab odor
chamber (13.89%) (Fig. 4A; P=0.009). However, no
significant difference was observed between those moving
toward the predator crab odor chamber and those remaining
stationary (P =0.82). In small-sized sandfish, no significant
difference in the preference responses was observed when
exgosed to predator crab odor versus formulated feed
(X°(2)=2.00, P=0.37, Fig. 4B). Nevertheless, more
(48.15%) small-sized sandfish remained stationary than moved
toward either the formulated feed chamber (27.78%) or the
predator crab odor chamber (24.07%) (Fig. 4B; P=0.68 and
P =0.39, respectively).

When exposed to predator fish odor versus periphyton
odor, no significant difference was observed in the response of
medium-sized sandfish (X*(2) = 6.27, P=0.05). Nevertheless,
more (50.00%) medium-sized sandfish moved toward the
periphyton odor chamber than moved toward the predator fish
odor chamber (27.78%) or remained stationary (22.22%) (Fig.
4C; P=0.14 and P=0.11, respectively). In contrast, the small-
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Fig. 5. Mean (£ SD) preference responses of medium-sized sandfish (A) and small-sized sandfish (B) juveniles to seawater versus predator crab
odor + formulated feed odor (n =9). Different letter superscripts denote significant differences among behavioral responses at the 15-min data

point (Friedman with Wilcoxon—Nemenyi test, P < 0.05).

sized sandfish group showed significant differences in the
preference responses when exposed to predator fish odor
versus periphyton odor (X*(2)=16.71, P=0.000). Signifi-
cantly more (62.96%) small-sized sandfish remained stationary
than moved toward the periphyton odor chamber (22.22%)
(P=0.01) or the predator fish odor chamber (14.81%) (Fig.
4D; P=0.000).

A significant difference was observed in the preference
responses of medium-sized sandfish when exposed to predator

crab odor + formulated feed versus seawater (X*(2)=6.87,
P =0.03). Significantly more (44.44%) medium-sized sandfish
moved toward the seawater chamber than remained stationary
(16.67%) (Fig. SA; P=0.04). However, no significant differ-
ences were observed between medium-sized sandfish that
either moved toward the seawater chamber or remained
stationary and those that moved toward the predator crab
odor + formulated feed chamber (Fig. 5A; P=0.68 and
P =0.28, respectively). In contrast, no significant difference
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in the preference response of small-sized sandfish was
observed when exposed to predator crab odor + formulated
feed versus seawater (X*(2)=5.85, P=0.05; Fig. 5B).
Nonetheless, more (50.00%) small-sized sandfish remained
stationary than moved toward the seawater chamber (25.93%)
(P=0.22) or the predator crab odor+ formulated feed
chamber (24.07%) (P =0.14).

3.5 Size-dependent celerity of preference responses
by sandfish juveniles

In general, medium-sized sandfish exhibited faster depar-
ture from the release point and demonstrated a preference for a
test odor more rapidly than small-sized sandfish. Approxi-
mately 50% of medium-sized sandfish selected between test
odors within 7-11 min, regardless of the test odor presented
(Fig. 6). Meanwhile, 50% of the small-sized sandfish took at
least 13 min or longer to make a choice.

4 Discussion

The overexploitation of high-value sea cucumber stocks,
particularly sandfish, has prompted the development of
breeding technologies and release methods to support
declining wild populations and to produce juveniles for stock
enhancement and sea ranching. The effectiveness of these
release efforts depends not only on the quantity of animals
released but also on the quality of the juveniles and their
ecological and behavioral characteristics. In sea cucumbers,
chemosensory processes rely on odorant receptors located in
sensory tissues such as the tentacles (Bouland et al., 1982), oral
cavity, calcareous ring, and papillac (Winarni et al., 2023).
Structural adaptations in these organs support their role in
detecting environmental cues that trigger various behavioral
responses. This study is the first to evaluate the preference
response behavior of hatchery-bred sandfish juveniles to
different test odors under laboratory conditions.

4.1 Smaller sandfish are more sensitive and cautious

The present study showed that both small- and medium-
sized juvenile sandfish generally preferred to remain stationary
within minutes of being presented with either predator or food
odors, which may be a key strategy for assessing their
environment for potential threats. Among the groups tested,
however, the smaller and younger sandfish group tended to
show a more pronounced preference for remaining stationary,
likely due to heightened sensitivity and increased caution
associated with limited ecological experience and ongoing
sensory system maturation. This can be explained by similar
observations in small sea cucumbers, which display height-
ened sensitivity to potential stressors such as handling stress
and air exposure (Wang et al., 2008; Hou et al., 2019; Yang
et al., 2022). Such heightened sensitivity, while lacking the
ability to discriminate between a potential threat and potential
food, may ultimately favor a conservative, risk-averse strategy
of being stationary, consistent with the “better safe than sorry”
approach. This stationary response can be viewed as an
adaptive form of predator avoidance (Mercier et al., 1999) and

may also confer energetic benefits during early developmental
stages.

On the other hand, medium sandfish juveniles displayed
greater responsiveness when they tended to be more quickly
attracted toward food odors (whether of periphyton or
formulated feed) and avoided predator odors (whether from
a predator crab or fish). This suggests that rearing sandfish for
longer periods in varied environments (e.g., nursery nets
followed by tanks with sediments) may enhance their
chemosensory abilities. Being attracted toward food was also
demonstrated by the medium-sized (~15g) Japanese sea
cucumber 4. japonicus, showing diverse behavioral responses
to food odors, like moving about and swinging actions (Zhao
et al., 2023).

4.2 Ontogenetic development and predator avoidance

The ability to detect and identify potential predators from a
distance is crucial for survival across species and has been
extensively studied in wild and adult marine animals
(Morishita and Barreto, 2011; Kenning et al., 2015; Kamio
and Derby, 2017; Paul et al., 2018). In general, both small- and
medium-sized sandfish juveniles exhibited an immediate
response by remaining stationary. However, only the medi-
um-sized group subsequently moved away from the potential
threat, while the small-sized group remained stationary. This
divergence in behavior can be attributed to ontogenetic shifts
during development. Ontogenetic switches often lead to
changes in sensory abilities, risk perception, and energy
requirements across developmental stages (Ferrari et al.,
2010). Gianasi et al. (2018) reported that juvenile C. frondosa
undergo asynchronous growth patterns and exhibit morpho-
logical and behavioral changes as they age. Their study further
revealed that it would take 16 months to develop all tentacles
and 21 months to complete the podia. These body structures
have already been described as olfactory receptors responsible
for chemosensing in sea cucumbers. Medium sandfish, being
further along the developmental trajectory, may possess an
enhanced sensory system and cognitive functions that allow
for more nuanced risk assessment and active avoidance when
exposed to predators.

In contrast, small sandfish that are at earlier developmental
stages may still lack a fully functional sensory system. They
tend to remain stationary as a conservative approach, despite
heightened vulnerability to predation. These ontogenetic
differences in predator responses indicate that behavioral
strategies in sandfish evolve with age and development,
reflecting adaptations to changing ecological pressures across
the life cycle.

Variables such as age, familiarity, and experience may
influence decision-making, with older and more experienced
individuals exhibiting faster and greater responsiveness.
Meanwhile, younger and smaller individuals face higher
predation risks and possess limited defensive options, leading
to increased vigilance and caution, such as remaining
stationary for extended periods. Given the critical nature of
decision-making, particularly in predator avoidance, it is
essential that energy resources be allocated judiciously, as this
process involves trade-offs between perceived predation risk
and the fulfillment of essential activities (Lima and Dill, 1990).
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MS: R? = 077

Sandfish that moved to chamber with test order (%)

Time (minutes)

—o—Medium, MS

=0--Small, 55

Fig. 6. Progression (at 2-min intervals) of the mean percentage of small-sized sandfish (hollow circles) and medium-sized sandfish (black
circles) exhibiting a preference for a test odor in the seven experimental tests conducted. Regression lines and the determination coefficient R* (at
P <0.01) are indicated. SW (seawater); CO (crab odor); FO (fish odor); FF (formulated feed); PO (periphyton odor).

As a limitation, however, the present study only focused on
sandfish preference responses in the presence or absence of food
or predator odors. Because hatchery-bred sandfish inhabit
protective but structurally complex microhabitats, the laboratory
experiment in this study did not account for other confounding
factors, such as social interactions and rearing habitat. Therefore,
future research is recommended to investigate chemoreceptive
responses in juvenile sandfish of varying size classes under
uniform rearing conditions while accounting for stress levels, as

well as to explore how experiences and environmental factors
influence anti-predator and nutrition-seeking behaviors along
ontogenetic development stages.

5 Conclusion

The behavioral responses of hatchery-bred juvenile sand-
fish to chemical odors are influenced by developmental stage.
Younger and smaller sandfish (e.g., 4 months, 3-5g in our
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study) tend to remain stationary and are generally less active at
this age. Meanwhile, medium-sized and older (7 months, 15—
20 g) sandfish are more responsive to both food and predator
odors. Ontogenetic development enhances sensory capabilities
and adaptive behaviors, enabling medium-sized sandfish to
more effectively assess and respond to environmental risks.
The pronounced sensitivity and cautious behavior observed in
younger hatchery-bred sandfish, characterized by the behavior
of remaining stationary, likely reflect size-dependent sensitiv-
ity and an adaptive avoidance strategy due to their heightened
vulnerability and limited defense mechanisms. As such,
further research aimed at a comprehensive understanding of
their behavior in a controlled captive environment, in contrast
to that of their wild counterparts, is warranted. Additionally,
adjustments in management practices — such as conditioning or
familiarization with diverse chemical cues — could significant-
ly enhance the behavioral quality of hatchery-bred sandfish.
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