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This study aims to evaluate the effect of light-emitting diodes (LEDs) of different
wavelengths on the embryonic development, covering behavior, righting behavior, and
phototaxis of collector urchins (Tripneustes gratilla). The collector urchins were divided
into three groups according to the type of LED illumination they received: full-spectrum
(400–750 nm wavelength), red light (630 nm), or blue light (450 nm). The results of
the embryonic development experiment indicated that the blue LED group had the
highest proportion of embryos reaching the prism stage at the 24th hour and the highest
proportion of embryos entering the 4-arm pluteus stage, but it also had the highest
death rate at the 48th hour. The full-spectrum and red LED groups exhibited similar
speeds of embryonic development. In the experiment on covering behavior performed
on adult urchins, our findings indicated that the blue LED group gripped the most
acrylic sheets for cover, exhibiting the most covering behavior, followed by the full-
spectrum group and then the red LED group. Moreover, behavior varied with coloration,
as collector urchins with a lower level of melanin exhibited more covering behavior
than those with a higher melanin level. In addition, the righting behavior experiments
demonstrated that the blue LED group spent the longest time righting themselves. It
is possible that the relatively strong stimulation from the blue LED illumination led to
a higher level of stress in the collector urchins and hence slowed their righting. The
phototaxis experiment revealed the most significant negative phototactic response in
collector urchins when they were under the blue LED light, followed by the full-spectrum
light; the red LED light did not induce any positive or negative phototactic response in
the collector urchins. This experimental result verified collector urchins’ high sensitivity
to and dislike of the blue LED light. The study results confirmed that the blue LED light
environment accelerated the embryonic development of collector urchins; however, the
relatively strong stimulation from that light also caused them to engage in covering
behavior or move away from the light. These results indicate that short-wavelength
irradiation significantly affects the embryonic development and behavior pattern of
this species.
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INTRODUCTION

Sea urchins are invertebrates with a crucial role in the marine
benthic ecosystem as well as high value as an aquaculture product
in the international market. The demand for high-quality sea
urchins over the last three decades has led to the intensive
harvest and exploitation of natural sea urchins; in light of this
overharvesting and the decreasing numbers of sea urchins in
various countries, sea urchin farming has become an industry
with high potential. Sea urchins have a complicated life cycle.
They undergo in vitro fertilization where male and female
sea urchins fertilize and ovulate into the water, respectively,
to complete insemination. Sea urchins hatch into blastulas
approximately 9 h after gametes are fertilized, then enter the
gastrula stage at 16 h, the prism stage at 22 h, the 2-arm pluteus
stage at 34 h, and the 4-arm pluteus stage at 48 h (Parvez et al.,
2018). Previous studies have pointed out that UVB radiation can
cause sea urchin embryo malformations, changes in specific gene
expression and the expression of pressure proteins (Bonaventura
et al., 2005), and even embryonic cell apoptosis (Lesser et al.,
2003). It has been confirmed that light wavelength affects the
embryonic development of sea urchins. All kinds of sea urchins
living in the intertidal zone, shallow sea, and deep-sea exhibit
covering behavior, i.e., they use their spines and tube feet to
move objects in the surrounding environment (such as gravel,
shells, seaweed, seaweed, etc.) onto their exposed body surfaces.
At present, proposed explanations for this sea urchin behavior
can be summarized into six hypotheses: defense against natural
enemies, reflex behavior, prevention of dehydration, ancillary
feeding behavior, protection against damage from waves and
suspended solids in the water, and to avoid over-exposure to light
(Barros et al., 2020).

Righting behavior refers to the sea urchin using its tube feet
and spines to turn itself into a normal position with the mouth
facing downward. This behavior allows the sea urchin to recover
and continue to escape when it is overturned into an abnormal
position by a predator or wave (Percy, 1973). The results of
previous studies are limited and show that when sea urchins
encounter environmental pressure, their correction rate will
decrease, or the probability of successful correction will decrease.
Therefore, righting behavior can be used to judge whether the sea
urchin is under pressure.

Light-emitting diodes (LEDs) are semiconductor electronic
components that are energy efficient, environmentally friendly,
small, and durable. By changing the chemical composition
of LED semiconductor materials, the resulting LEDs can
emit light of a single color. The discontinuous wavelength
spectrum enables LEDs to emit near-UV, visible, or infrared
light. Therefore, LED lighting fixtures are appropriate and
necessary equipment for studying the effect of a single
wavelength on sea urchin embryos development, covering
behavior, righting behavior, and phototaxis. The previous
research also suggests that albino sea urchins showed the greater
covering response to susceptibility to solar radiation than wild-
type urchins. These results indicate that the levels of melanin
in sea urchins influence the response to light illumination
(Kehas et al., 2004).

The present study regulated the light environment of a
water body through the use of LED lights with different
wavelengths to investigate the effects of light wavelength on
the growth rate, death rate, and presence of malformations in
sea urchin embryos as well as the various behaviors of adult
sea urchins. The sea urchin Tripneustes gratilla, which exhibits
obvious and representative covering behavior, was chosen as
the subject of experiment. The present study sought to identify
suitable lighting, in addition to natural light, for the embryonic
development of sea urchins. Furthermore, this study aimed
to determine the light wavelength to which adult sea urchins
are most sensitive as indicated by the experimental results
for covering behavior and phototaxis. These findings may be
extended and applied for farming, managing, or during harvest
gathering sea urchins.

MATERIALS AND METHODS

Experimental Design and Sampling
Sea urchins were purchased from a sea urchin farm in Yilan,
Taiwan. Sea urchins with a test size of 6–8 cm aged approximately
12 months old. Sea urchins were transported live to a laboratory
and kept in a 70-L fish tank. The sea urchins were fed chayote
vine (Sechium edule) or cabbage (Brassica oleracea var. capitata)
once every 3 days, and the seawater was kept at 25◦C. After the
sea urchins had acclimatized for 2 weeks, we randomly selected
several specimens (2 females and 3 males), injected 2 mL of 0.5M
KCl into their body cavity, and shook them for a few seconds
until sperm (white liquid) or eggs (yellow liquid) exuded from the
genital pores on the aboral surface. The sperm was collected using
a plastic dropper, deposited into a 1.5-mL centrifuge tube, and
placed on 4◦C ice for storage; the collection of seawater left on
the sea urchin was avoided during the sperm collection process.
When eggs exuded from the sea urchin, we positioned the sea
urchin upside down (i.e., the genital pores were facing down)
above a 100-mL beaker filled with filtered seawater to induce
egg laying for 10–30 min. The sperm and eggs were subjected to
artificial insemination immediately after collection.

The sperm and eggs must be diluted before artificial
insemination in a Petri dish. The gamete dilution and artificial
insemination methods used in this study were proposed by
previous research and revised according to the needs of the
present study (Rahman et al., 2012). The collected sperm was
first placed under a dissecting microscope to observe sperm cell
motility; once the cells had been confirmed to show a normal
level of motility, 50 µL of the sperm was diluted in 5 mL filtered
seawater. The collected eggs were also observed using a dissecting
microscope to confirm that they had a normal shape (i.e., round),
after which 1 mL of eggs at the bottom of the beaker were
collected using a dropper without disturbing the seawater and
added to 100 mL filtered seawater. In the artificial insemination,
15 mL of filtered seawater, 3 mL of the diluted egg-containing
solution, and 1 mL of the diluted sperm-containing solution
were added to a Petri dish and placed in a constant-temperature
cabinet at 25◦C. The embryos in the Petri dish were divided
into three groups that were illuminated using LED light fixtures

Frontiers in Marine Science | www.frontiersin.org 2 June 2021 | Volume 8 | Article 684330

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-08-684330 June 22, 2021 Time: 12:32 # 3

Li et al. Light Spectra Affect Behavior Response

with three different wavelengths (EVERLIGHT Electronics Co.,
Ltd., Taiwan), as follows: full-spectrum (4500K 400–750 nm
wavelength; 940 lux at 30 cm), red (630-nm wavelength; 360 lux at
30 cm) LED, and blue (450-nm wavelength; 30 lux at 30 cm) LED
groups. The light: dark cycle was set to 12:12 h. LED lights were
used to illuminate the embryos for a total of 48 h; 1-mL samples
of the embryo-containing solution were collected at the 24th and
48th hours of illumination using a dropper and placed under a
dissecting microscope to record the number of embryos at each
stage of development. A total of 100 embryos were recorded for
each group, and the experiments were conducted in triplicate.

Covering Behavior
The design of experiment was modify from the previous study
(Ziegenhorn, 2016). A plastic box (33 × 25.5 × 9 cm) full with
seawater slightly above the height of the sea urchin, placed 15
acrylic sheets (red, blue, or transparent) that were 3 cm2 and
0.1 cm thick into the box and let them sink to the bottom
naturally. The black color sea urchins (black interambulacral-
and ambulacral area) or the white color sea urchins (white
interambulacral- and black ambulacral area) were randomly
selected for the behavior test. The sea urchins were irradiated
with full-spectrum, 630-nm, and 450-nm LED lights in a random
order. The LED lighting device was used to illuminate the three
sea urchins in the box for 60 min; the number of acrylic sheets
gripped by the sea urchin for cover was recorded every 10 min.
After 60 min of illumination, the LED lighting was turned off for
40 min so that the urchins could rest. This part of experiment
is divided into four parts: (1) to test the influence of different
wavelength light illumination on the covering behavior of sea
urchin, the total number of acrylic sheets grabbed by three
randomly selected black or white sea urchins was recorded after
illuminating three different light sources; (2) the number of
each color acrylic sheets grabbed by three randomly selected sea
urchins were recorded after illuminating by three different light
sources; (3) to compared the covering behavior of different color
sea urchins, the total number of three different color acrylic sheets
were recorded by three randomly selected white- or black sea
urchins after illuminating three different light sources; (4) to test
the choice of shelter, the number of each color acrylic sheets
grabbed by three randomly selected sea urchins were recorded
after illuminating by three different light sources. All experiments
were conducted to three biologically replicates.

Righting Behavior
A (45 × 30 × 30 cm) glass tank was filled with seawater to 80%
of its volume. Sea urchins were placed upside down (i.e., aboral
side down and oral side up) in the glass tank for each for all
groups (namely full-spectrum, red LED, and blue LED groups;
sample size n = 3 required in each group). The time (in seconds)
required for the urchins to right themselves was recorded; a value
of 10 min was assigned to urchins that had not righted themselves
after 10 min. Three biologically replicates were recorded for each
group. The upper limit of the observation period was determined
according to the previous study (Ding et al., 2020).

Phototaxis
A (60 × 30 × 36 cm) glass tank filled with seawater to slightly
above the height of the sea urchin, placed a ruler at the bottom of
the tank, and randomly selected one urchin for the experiment.
The sea urchin was positioned at the center of the tank. The
phototaxis of sea urchins (three black and three white) are tested
according to the lighting group: three single-light-source groups
(red LED, blue LED, and full spectrum) and three combined-
light-source groups (red LED and blue LED, red LED and full
spectrum, and blue LED and full spectrum). In the single-light-
source experiment, one monochromatic or full-spectrum LED
light tube was placed on one side of the tank, with no light source
on the other side; for the combined-light-source experiment, two
light tubes of different wavelengths were placed on opposite sides
of the tank. The glass tank was covered using black plastic sheets
to prevent other light sources from affecting the experimental
results. The lights were switched on for 2 min, during which
the direction and distance of the sea urchin’s movement were
recorded. The experiment was conducted in four biological
replicates for each group.

Statistical Analysis
Results are presented as the mean ± standard deviation
(SD) of three replicates. All data were subjected to ANOVA
followed by Duncan’s multiple range tests. A p < 0.05 was
considered significant.

RESULTS

Embryonic Development of the Sea
Urchin Under Different Light Sources
Under different wavelengths of illumination, Figures 1A–E
shows the changes in the embryonic development of sea urchin
s within 24–48 h. Figure 1F depicts sea urchin embryos fertilized
in percentage bar chart under LED illumination of varying
wavelengths in a 25◦C constant-temperature cabinet. Among
those illuminated by a blue LED light for 24 h, 13.59% reached
the blastula stage (Figure 1A), and 18.12% reached the gastrula
stage (Figure 1B), 67.96% reached the prism stage (Figure 1C);
the death rate was 0.33%. As shown in Figure 1F, among the
embryos under 24 h of illumination by a full-spectrum LED
light, 35.13, 44.71, and 19.16% reached the blastula, gastrula, and
prism stages, respectively, with a death rate of 1%. Figure 1F
presents that, after illumination by a red LED light for 24 h,
7.43% of the embryos were at the blastula stage, 56.93% at the
gastrula stage, and 34.64% at the prism stage; the death rate was
1%. After 48 h of illumination by the blue LED light, 38.98% of
the embryos reached the 2-arm pluteus stage (Figure 1D) and
27.84% reached the 4-arm pluteus stage (Figure 1E). However,
the death rate was high at 31.33%. Figure 1F indicates that after
full-spectrum light illumination for 48 h, 65.32% of the embryos
entered the 2-arm pluteus stage and only 18.68% entered the 4-
arm pluteus stage, with a death rate of 16%. Figure 1F reveals the
percentages of embryos at the 2-arm and 4-arm pluteus stages to
be 74.60 and 20.73%, respectively, after having been illuminated
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FIGURE 1 | Embryo developmental stages of T. gratilla under the compound microscopy. (A) blastula, (B) gastrula, (C) prism, (D) 2-arm pluteus, (E) 4-arm pluteus.
(F) The percentage bar chart showing the proportion of embryo development stage at 24 and 48 h after fertilization under blue-, full-spectrum- and red LED
illumination.

by the red LED light for 48 h, and the death rate was low at
4.67% (Figure 1F).

Effects of Different Light Sources on
Covering Behavior in Sea Urchins
Covering Behavior in Different LED Light
Environments
In the experiment on covering behavior, we divided the sea
urchins into two types according to their level of melanin:
white (Figure 2A, white interambulacral areas and black
ambulacral areas) and black (Figure 2B, black interambulacral
and ambulacral areas).

Each sea urchin was illuminated using LED lighting devices
with different wavelengths for 60 min, and the number of acrylic
sheets gripped by the urchin for cover was recorded every 10 min.
Figures 2C,D illustrate the covering behaviors of the white and
black sea urchins, respectively; the urchins used their tube feet to
move several acrylic sheets toward their aboral surfaces to cover
themselves. For both white and black urchins, the number of
acrylic sheets gripped increased with time and was the highest
under blue LED illumination.

Covering Behavior With Acrylic Sheets of
Different Colors
As shown in Figure 3A, when the sea urchins were provided with
blue acrylic sheets, the blue LED group gripped significantly more
acrylic sheets than did the full-spectrum and red LED groups in
both the 10 and 60-min intervals. The number of acrylic sheets
gripped by the full-spectrum group was significantly higher than
that gripped by the red LED group after 10 min; however, after
60 min, the number was significantly higher in the red LED group
(Figure 3A and Supplementary Table 1). Figure 3B presents

the number of transparent acrylic sheets gripped by each group
(Supplementary Table 1); the blue LED group, in both the
10 and 60-min observations, grabbed significantly more acrylic
sheets than did the full-spectrum and red LED groups. Figure 3C
presents the number of red acrylic sheets gripped by each group
(Supplementary Table 1). The number of acrylic sheets gripped
by the blue LED group was significantly higher than that gripped
by the red LED group after 10 min; the number grew to be
significantly higher than those of both the full-spectrum and red
LED groups after 60 min. Accordingly, the number of acrylic
sheets gripped by the urchins exhibited similar trends across the
three colors of acrylic sheets. Specifically, the number of acrylic
sheets, regardless of the color, gripped by the sea urchin was the
highest in the blue LED group, followed by the full-spectrum
group and then the red LED group.

Comparison Between the Covering
Behavior in White and Black Sea Urchin
The pattern of sea urchins grabbing acrylic sheet are shown
in Figures 4A,B (Supplementary Table 2). The white sea
urchins gripped significantly more acrylic sheets than did
the black urchins under the illumination of both the blue
LED (Figure 4C and Supplementary Table 2) and full-spectrum
(Figure 4D and Supplementary Table 2) lights. As shown in
Figure 4E (Supplementary Table 2), the numbers of acrylic
sheets gripped by the white and black sea urchins were
not significantly different when the urchins were illuminated
by the red LED light. Furthermore, the white and black
sea urchins demonstrated more covering behavior under the
blue LED light than under the full-spectrum and red LED
lights, and the white urchins exhibited more covering behavior
under the full-spectrum illumination than under the red LED
illumination.
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FIGURE 2 | Numbers of plastics cover on (A,C) white and (B,D) black T. gratilla under blue-, full-spectrum- and red LED illumination. Each value represents
mean ± SD.

FIGURE 3 | The covering behavior of acrylic sheets in different colors. (A) The covering behavior of T. gratilla with (A) blue-, (B) transparent- and (C) red plastics at
10 and 60 min under different wavelength LED illumination. Each value represents mean ± SD.

The Choice of Cover
As shown in Figure 5, the numbers of blue, red, and transparent
acrylic sheets gripped by the sea urchin did not differ significantly,

regardless of the LED wavelengths (Supplementary Table 3).
Hence, the sea urchins did not have any preferences for the colors
of their covers.
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FIGURE 4 | Effects of different wavelength LED illumination on the covering behavior of (A) white and (B) black T. gratilla. The numbers of acrylic sheets gripped by
sea urchin were counted after 60 min test period under (C) blue-, (D) full- spectrum-, and (E) red light source. Each value represents mean ± SD.

Effect of Different Light Sources on
Righting Behavior in Sea Urchin
As illustrated in Figure 6, the blue LED group required longer
times to right themselves than did the full-spectrum and red
LED groups, but the differences were not statistically significant
(Supplementary Table 4). According to the trend of righting
behavior, the urchins were under higher environmental stress
when illuminated by the blue LED light and thus required longer
times to right themselves. Thus, the wavelength of light affected
the behavioral capacities of the sea urchin.

Effect of Different Light Sources on
Phototaxis in sea Urchins
As illustrated in Figures 7A,B, the sea urchins exhibited negative
phototaxis under the blue LED and full-spectrum lights, whereas
no noticeable movement was observed under the red LED light.
When illuminated by the blue LED light on one side and red
LED light on the other side, the sea urchin moved away from
the blue LED light source and toward the red LED light source.
With blue LED light on one side and full-spectrum light on the
other side, the sea urchin also moved away from the blue LED

FIGURE 5 | The numbers of blue, red, and transparent acrylic sheets gripped
by T. gratilla under different wavelength LED illumination. Each value
represents mean ± SD.

light source and toward the full-spectrum light source. When
the sea urchin was illuminated by the full-spectrum light on one
side and the red LED light on the other side, they moved toward
the red LED light source, but only slightly. When only one light
source was provided, the sea urchin was the most negatively
phototactic, i.e., it moved the farthest away from the light source,
under the blue LED, followed by the full-spectrum light. The sea
urchin moved similar distances away from the blue LED light
when it was accompanied by the full-spectrum or red LED light
on the other side.

DISCUSSION

Studies have investigated the effects of various environmental
factors, such as light (Belleza et al., 2012), temperature (Byrne
et al., 2009; Abdul Wahab et al., 2016; Mejía-Gutiérrez et al., 2019;
Ding et al., 2020), and metal content in a waterbody (Bielmyer
et al., 2005; Bonaventura et al., 2018; Di Natale et al., 2019), on

FIGURE 6 | Righting response time of T. gratilla under different wavelength
LED illumination. Each value represents mean ± SD.
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FIGURE 7 | The phototaxis of T. gratilla. (A) Schematic diagram of the tank and LED light sources used in phototaxis experiment. (B) Measured distance span for
each sea urchin tested in different light conditions. Measured distances were taken as positive (+) or negative (–) depending upon whether the sea urchin was moving
toward or away from the light source.

the embryonic development and behavior of sea urchins. For
light, studies have predominantly employed natural light and UV
light in their experiments, and few of them have included light
with different wavelengths in the experiments. LEDs hold great
potential for indoor aquaculture due to their light weight, low
energy consumption, and ability to change the light environment
of a waterbody through emitting monochromatic light (Shen
et al., 2013). Therefore, the present study used LED devices to
illuminate fertilized sea urchin embryos and adult sea urchins to
examine the effects of light wavelength on the urchins. This study
aimed to accelerate the embryonic development of sea urchins
through the use of LED devices and thus increase the production
of sea urchins. By changing the wavelengths of LED illumination,
this study also hoped to understand the behavioral changes in
sea urchin under different light wavelengths, thereby determining
the wavelength to which sea urchins were the most sensitive
and by extension the most suitable wavelength for sea urchin
farming. According to the experimental results, the sea urchin
embryos grew the fastest under the blue LED light; the adult sea
urchin were the most sensitive to and most negatively phototactic
under the blue LED light. The following discusses separately the
embryonic development, covering behavior, righting behavior,
and phototaxis of the sea urchin.

According to the proportion of embryos at each
developmental stage, this study revealed that embryos cultured

under LED lights of varying wavelengths grew at substantially
different speeds. Previous research has reported that sea urchin
embryos in a UV light environment exhibit slow growth and
malformations (Bonaventura et al., 2005). In the present study,
no embryonic malformation was observed under the LED lights
at any of the tested wavelengths.

Twenty-four hours following fertilization, more than half of
the embryos under the blue LED light had reached the prism
stage; however, among those receiving the full-spectrum and
red LED lights, approximately half of the embryos were still at
the gastrula stage. Relative to the full-spectrum group, which
served as the control group, the blue LED wavelength could
accelerate embryonic development considerably, whereas the
red LED wavelength had no noticeable effect on development
rate. The three lights all yielded embryonic death rates of
1% or lower. Forty-eight hours following fertilization, the blue
LED group demonstrated slightly faster development but a
considerably higher death rate than did the other two groups.
According to the study of Lesser et al., exposure to UV light
contributes to higher expression of p53 and p21 proteins; the
expressions of both proteins increase when DNA is damaged,
and both are associated with apoptosis (Lesser et al., 2003).
Despite its promotion of sea urchin embryonic development,
the blue LED wavelength, which was the shortest wavelength
used in this study, may have caused excessive stress on the
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embryos and thus led to death for the embryos that failed
to withstand the stress. However, this study focused only on
the embryonic development result; in-depth molecular biology
experiments on genes and proteins are required to determine
the causes of such differing development speeds and death rates.
Bonaventura et al. (2005) observed that a UVB light slowed down
the development of some embryos and found no effect of the
UVB light in accelerating embryonic development (Lesser et al.,
2003). According to the experimental results of this study, the
blue LED increased the embryonic death rate but concurrently
accelerated embryonic development. This accelerating effect, in
comparison with the other groups, was particularly prominent
within the first 24 h after fertilization. Therefore, among the
LED lights tested, the blue LED light demonstrated the optimal
performance at accelerating the embryonic development of sea
urchins and was associated with a low death rate within the
first 24 h following fertilization. Nevertheless, further research
is warranted to investigate whether the use of a blue LED light
source for accelerating embryonic development caused DNA
damage or oxidative stress to the embryos or despite the faster
embryonic growth led to incomplete embryonic development
within the first 24 h following fertilization.

Previous studies have mostly focused on the effect of natural
light on the covering behavior of sea urchins (Kehas et al., 2004;
Ziegenhorn, 2016). According to Ziegenhorn found that among
all environmental factors, light exerts the greatest influence on
covering behavior in sea urchins, which engage in such behavior
to shield themselves from light radiation. Their experiment result
revealed that under natural light, sea urchins tended to grip red
acrylic sheets rather than transparent sheets, indicating that the
urchins may be able to determine whether an object can offer
effective cover (Ziegenhorn, 2016). Different from this result,
the present study demonstrated that under LED lights of three
different wavelengths, sea urchins did not exhibit any preference
for the color of acrylic sheets to grip (Figure 5). However, this
discrepancy regarding the ability of sea urchins to distinguish
different covers may be attributable to the different illumination
distance and illuminance of the LED light and natural light used,
respectively, in the present study and the study of Ziegenhorn
et al. In addition, this study used acrylic sheets of one single
color for each round of the experiment, which may have led
the sea urchins to still grip the acrylic sheets even if they had
a poor covering effect. Consistent with the literature, this study
revealed that the number of acrylic sheets gripped by the sea
urchin increased with the time of illumination (Figure 2), which
again verified that sea urchins engage in covering behavior for the
purpose of hiding from light radiation.

Kehas et al. (2004) discovered that albino West Indian sea
urchins (Tripneustes ventricosus, which is in the same genus of
sea urchin as the species studied here) gripped more covers than
did the wild-type black sea urchins in both a dim environment
with sunlight and an environment with direct sunlight (Kehas
et al., 2004). This result was similar to the finding of the present
study that sea urchins with a lower level of melanin gripped more
covers than did their high-melanin counterparts under lights of
all wavelengths, with the greatest difference found under the blue
LED light. This result demonstrates that the pigmentation of a sea

urchin affects its covering behavior; compared with sea urchins
with high melanin, those with low melanin were more sensitive
to light, particularly to light of shorter wavelengths. According
to Dumont et al. (2007), green sea urchins (Strongylocentrotus
droebachiensis) engage in covering behavior mainly to protect
themselves from physical hazards such as radiation and waves
(Dumont et al., 2007). Therefore, this study inferred that the
sea urchin was the most threatened and stimulated by the blue
LED light, followed by the full-spectrum light and then the
red LED light, which was the closest to a dark environment.
Moreover, studies have reported that sea urchins demonstrate
covering behavior only in a light environment and remove all
covers from themselves at night (Millott, 1966; Yoshida, 1966).
In the present study, the sea urchins also removed acrylic sheets
from their bodies when the LED light was turned off after having
been on for 60 min.

The righting behavior of sea urchins refers to a sea urchin
the use of tube feet and spines to return itself to its normal
position (i.e., aboral surface up). This behavior enables a sea
urchin to—after being positioned upside down by a predator
or waves—orient itself to the normal position to escape from
hazards or for survival (Percy, 1973; Collard et al., 2015).
Therefore, the behavior is a critical survival skill of sea urchins
and also an indicator of a capacity of sea urchin to protect itself
under environmental stress (Brothers and McClintock, 2015).
Righting behavior is a coordinated and reflexive movement of the
neuromuscular system of a sea urchin after a drastic change in
the environment (Kleitman, 1941). The behavior has also been
used to examine the physiological state of sea urchins exposed to
environmental stress, such as chemical pollutants (Böttger et al.,
2001), genotoxins (Canty et al., 2009), low salinity (Lawrence,
1975), high partial pressure of carbon dioxide (Challener and
McClintock, 2013), high temperature (Brothers and McClintock,
2015), and high light intensity (Sun et al., 2019). According to the
literature, when environmental factors cause stress in sea urchins,
the urchins become slower in righting, are less likely to right
themselves, or even fail to do so, indicating that sea urchins are
less able to right themselves in the presence of environmental
stress. Therefore, the righting speed of sea urchins can be used to
determine whether they perceive the environment as stressful. To
better understand the physiological state of sea urchins exposed
to different wavelengths, we recorded the time taken by sea
urchins to right themselves under LED lights of three different
wavelengths. According to the results, the sea urchins spent the
most time righting themselves under the blue LED light, which
although no significant difference was observed among the three
lights caused the greatest stress to the sea urchin. Nevertheless,
given the absence of significant difference among the three lights,
the blue LED light may simply be an unpleasant light to the sea
urchin without causing them any serious stress or damage.

Ullrich-Luter et al. (2011) conducted a phototaxis experiment
on purple sea urchins (Strongylocentrotus purpuratus); they
observed only negative phototaxis in the sea urchins illuminated
on one side by a blue LED or full-spectrum light source and
discovered both positive and negative phototaxis in sea urchins
illuminated on one side by a red LED light source (Ullrich-
Luter et al., 2011). In contrast, the present study revealed
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that sea urchins illuminated on one side by a red LED light
source did not exhibit noticeable positive or negative phototaxis;
however, those illuminated on one side by a blue LED or full-
spectrum light source engaged in similar behavior as that found
by Ullrich-Luter et al. Because the red LED light source was
close to a dark environment, it may not have provided enough
light to induce any positive or negative phototactic response in
the sea urchins, thereby resulting in random movement of the
sea urchin. To study sea urchins’ response when illuminated
on both sides by different light sources that induced negative
phototaxis, we included three light-source combinations in the
phototaxis experiment: blue LED and full-spectrum lights, blue
LED and red LED lights, and full-spectrum and red LED lights.
According to the results, when illuminated by blue LED and full-
spectrum lights on the sides, both of which provoked negative
phototaxis, the sea urchin moved away from the blue LED
light source and toward the full-spectrum light source. This
result is consistent with the finding from the covering behavior
experiment that the blue LED light caused stronger negative
stimulation of the sea urchins than did the full-spectrum one.
Furthermore, the sea urchins stretched their tube feet facing
the direction of their movement and retracted their tube feet
facing the opposite direction. Previous research has observed
rhabdomeric cells in the tube feet of sea urchins; these cells
are the photoreceptor cells in invertebrates and contain various
genes and proteins associated with photoreceptor development
and function, including Opsin4 and pax6. Hence, tube feet
are seen as the photoreceptor organ of sea urchins; tube feet
exhibit negative phototaxis (Sharp and Gray, 1962; Holmes,
1912; Burke et al., 2006; Ullrich-Luter et al., 2011) and have a
neuromuscular system (Agca et al., 2011). Therefore, tube feet
are able to coordinate the neuromuscular system and generate
a series of behavioral responses (e.g., covering behavior and
negative phototactic response) after receiving light stimuli.

CONCLUSION

In conclusion, the present study demonstrated that the
embryonic development and behavior pattern of collector
urchins are affected by the stimuli of short-wavelength

irradiation. Replacing conventional lighting equipment with
LEDs may benefit indoor sea urchin cultivation yields. These
results will provide the basis for applications in the conservation
and breeding of sea urchins in the future.
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