
SPECIFICATION 

METHODS OF SUPPRESSING SETTLEMENT OF BARNACLES 

Technical Field 

[0001] 

The present invention relates to methods of suppressing larvae of 

barnacles in the settlement stage from settling on a substrate in water. 

Background art 

[0002] 

In power plants, such as thermal or nuclear power plants that use 

seawater as a coolant, marine invertebrates such as barnacles and 

shellfishes often settle inside of intake structures through which 

seawater is drawn from the sea and is supplied to condensers and outfall 

structures through which the seawater having passed through the 

condensers is discharged into the sea. An increased amount of settled 

marine invertebrates may possibly cause clogging of the coolant passages, 

resulting in a problem of, for example, the reduction in cooling capacity. 

Accordingly, the settlement of marine invertebrates on the heat exchanger 

pathways has been suppressed by injecting a chlorine-based substance 

such as a sodium hypochlorite solution or chlorine dioxide into the coolant 

(Japanese Patent Laid-open Nos. 7-2S5867, 11-37666, 2005-144212, 

2005-144213, and 2005-144214, and Japanese Patent No. 3605128) . Other 

methods have also been developed which use a photocatalyst (Japanese 

Patent Laid-open No. 11-278374) or a laser beam (Japanese Patent Laid-open 

Nos. 2003-301435, 06-218367, and 08-164384). 

Summary of the invention 

Problem to be solved by the invention 

[0003] 

An object of the present invention is to provide methods of 

suppressing larvae of barnacles in the settlement stage from settling 

on a substrate in water. 

Means to solve the problem 

[0004] 

Although many larvae in the settlement stage exhibit positive 

phototaxis towards light in a wide range of wavelengths, the present 

inventors have found that the irradiation of light comprising the full 

spectrum of 409 to 412 nm tends to cause a drastic decrease of the 

percentage of larvae moving towards a light source and an increase of 

the number of larvae that exhibit negative phototaxis moving away from 

the light source. The present invention was thus completed. 

[0005] 

One aspect of the present invention is a method of suppressing a 

larva of a barnacle in a settlement stage from settling on a substrate 

in water, including the step of irradiating light comprising the spectrum 

of 409 to 412 nm and a part of 400 to 460 nm in a direction from the substrate 
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to the larva in the settlement stage. It is preferable that the light 
comprising the spectrum of a part of 400 to 440 nm. It is preferable that 
the light has a peak wavelength in the range between 409 nm and 412 nm. 
It is preferable that the light comprises a full spectrum of 400 to 420 
nm. It is preferable that the light has an irradiance of 67.78 W/m2 or 
higher. It is preferable that a spectral irradiance of the light is 
62.9282 /xWcm"2nm_1 or higher in at least a part or full range of 409 to 
412 nm. It is preferable that the light is not a laser beam. The larvae 
in the settlement stage may be a cypris larva. The water may be seawater. 
The light may be LED light. 

Brief description of the drawings 
[0006] 

Fig. 1 is a schematic diagram of a bottom of a phototaxis assay 
chamber which is divided into multiple areas, used in Examples; 

Fig. 2A is a graphical representation showing the directions of 
movement and positions of cypris larvae of Megabalanus rosa when light 
with a peak wavelength of 562 to 582 nm (from a projection light) was 

irradiated; 
Fig. 2B is a graphical representation showing the directions of 

movement and positions of cypris larvae of Megabalanus rosa when LED light 
with a peak wavelength of 515 to 53 5 nm was irradiated; 

Fig. 2C is a graphical representation showing the directions of 
movement and positions of cypris larvae of Megabalanus rosa when LED light 
with a peak wavelength of 46 0 to 480 nm was irradiated; 

Fig. 2D is a graphical representation showing the directions of 
movement and positions of cypris larvae of Megabalanus rosa when LED light 
with a peak wavelength of 440 to 460 nm was irradiated; 

Fig. 2E is a graphical representation showing the directions of 
movement and positions of cypris larvae of Megabalanus rosa when LED light 
with 100 W/m2 and a peak wavelength of 409 to 412 nm was irradiated; 

Fig. 2F is a graphical representation showing the directions of 
movement and positions of cypris larvae of Megabalanus rosa when LED light 
with 125 W/m2 and a peak wavelength of 409 to 412 nm was irradiated; 

Fig. 2G is a graphical representation showing the directions of 
movement and positions of cypris larvae of Megabalanus rosa when LED light 
with a peak wavelength of 370 to 380 nm was irradiated; 

Fig. 3A is a graphical representation showing the directions of 
movement and positions of cypris larvae of Balanus amphitrite when light 
with a peak wavelength of 562 to 582 nm (from a projection light) was 
irradiated; 

Fig. 3B is a graphical representation showing the directions of 
movement and positions of cypris larvae of Balanus amphitrite when LED 
light with a peak wavelength of 515 to 535 nm was irradiated; 

Fig. 3C is a graphical representation showing the directions of 
movement and positions of cypris larvae of Balanus amphitrite when LED 
light with a peak wavelength of 460 to 480 nm was irradiated; 

Fig. 3D is a graphical representation showing the directions of 
movement and positions of cypris larvae of Balanus amphitrite when LED 
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light with a peak wavelength of 440 to 460 nm was irradiated; 
Fig. 3E is a graphical representation showing the directions of 

movement and positions of cypris larvae of Balanus amphitrite when LED 
light with a peak wavelength of 409 to 412 nm was irradiated; 

Fig. 3F is a graphical representation showing the directions of 
movement and positions of cypris larvae of Balanus amphitrite when LED 
light with a peak wavelength of 370 to 380 nm was irradiated; 

Fig. 4A is a graphical representation showing the directions and 
distances of movement of cypris larvae of Megabalanus rosa when light 
with a peak wavelength of 562 to 582 nm (from a projection light) was 
irradiated; 

Fig. 4B is a graphical representation showing the directions and 
distances of movement of cypris larvae of Megabalanus rosa when LED light 
with a peak wavelength of 515 to 53 5 nm was irradiated; 

Fig. 4C is a graphical representation showing the directions and 
distances of movement of cypris larvae of Megabalanus rosa when LED light 
with a peak wavelength of 460 to 480 nm was irradiated; 

Fig. 4D is a graphical representation showing the directions and 
distances of movement of cypris larvae of Megabalanus rosa when LED light 
with a peak wavelength of 44 0 to 46 0 nm was irradiated; 

Fig. 4E is a graphical representation showing the directions and 
distances of movement of cypris larvae of Megabalanus rosa when LED light 
with 100 W/m2 and a peak wavelength of 409 to 412 nm was irradiated; 

Fig. 4F is a graphical representation showing the directions and 
distances of movement of cypris larvae of Megabalanus rosa when LED light 
with 125 W/m2 and a peak wavelength of 409 to 412 nm was irradiated; 

Fig. 4G is a graphical representation showing the directions and 
distances of movement of cypris larvae of Megabalanus rosa when LED light 
with a peak wavelength of 370 to 380 nm was irradiated; 

Fig. 5A is a graphical representation showing the directions and 
distances of movement of cypris larvae of Balanus amphitrite when light 
with a peak wavelength of 562 to 582 nm (from a projection light) was 
irradiated; 

Fig. 5B is a graphical representation showing the directions and 
distances of movement of cypris larvae of Balanus amphitrite when light 
with a peak wavelength of 515 to 53 5 nm was irradiated; 

Fig. 5C is a graphical representation showing the directions and 
distances of movement of cypris larvae of Balanus amphitrite when LED 
light with a peak wavelength of 460 to 480 nm was irradiated; 

Fig. 5D is a graphical representation showing the directions and 
distances of movement of cypris larvae of Balanus amphitrite when LED 
light with a peak wavelength of 440 to 460 nm was irradiated; 

Fig. 5E is a graphical representation showing the directions and 
light with a peak wavelength of 409 to 412 nm was irradiated; 

Fig. 5F is a graphical representation showing the directions and 
distances of movement of cypris larvae of Balanus amphitrite when LED 
light with a peak wavelength of 3 70 to 3 80 nm was irradiated; 

Fig. 6 is a graph showing the percentages of cypris larvae of 
Megabalanus rosa located in positive and negative areas when light with 
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a peak wavelength of 562 to 582 nm (from a projection light) , LED light 

with peak wavelengths of 370 to 380 nm, 409 to 412 nm, 440 to 460 nm, 

460 to 480 nm, or 515 to 535 nm was irradiated for 5 minutes; and 

Fig. 7 is a graph showing the percentages of cypris larvae of Balanus 
amphitrite located in positive and negative areas when light with a peak 
wavelength of 562 to 582 nm (from a projection light), LED light with 

peak wavelengths of 370 to 380 nm, 409 to 412 nm, 440 to 460 nm, 460 to 

480 nm, or 515 to 535 nm was irradiated for 10 minutes. 

Embodiment for carrying out the invention 

[0007] 

The objects, features, advantages, and ideas of the present 

invention are apparent to those skilled in the art from the description 

of the present specification. Furthermore, those skilled in the art can 

easily reproduce the present invention from the description of the present 

specification. The mode and the specific example described below 

represent a preferable embodiment of the present invention, which is given 

for the purpose of illustration or description. The present invention 

is not limited thereto. It is obvious to those skilled in the art that 

various changes and modifications may be made according to the 

descriptions of the present specification without departing from the 

spirit and scope of the present invention disclosed herein. 

[0008] 

Methodd of suppressing larvae of barnacles in the settlement stage 

from settling on a substrate in water according to the present invention 

include the step of irradiating light comprising the spectrum of 409 to 

412 nm and a part of 400 to 460 nm to the larva in the settlement stage 

in a direction from the substrate to the larva in the settlement stage. 

By this method, the number of larvae exhibiting negative phototaxis of 

moving away from a light source is increased and settlement of larvae 

in the settlement stage on a substrate can be prevented. 

[0009] 

Barnacles drift in the sea in their early larval stage and then 

settle on an appropriate substrate during the larval settlement stage 

to metamorphose into adults. Accordingly, the method of suppressing 

their larvae in the settlement stage from settling on a substrate is 

preferably performed in seawater, but is not limited to in the seawater. 

Instead, the method may be performed in freshwater or salt water with 

a concentration different from seawater, such as a mixture of freshwater 

and seawater. 

[0010] 

Barnacle is a common name for invertebrates in the superorder 

Thoracica in the infraclass Cirripedia in the subphylum Crustacea and 
includes, for example, those in the suborder Balanomorpha, such as Balanus 
amphitrite, Amphibalanus eburneus, Megabalanus rosa, Balanus trigonus 
Darwin, Megabalanus volcano, Amphibalanus reticulatus, Chthamalus 
challengeri Hoek, Fistulobalanus albicostatus, and Amphibalanus 
improvisus. 
[0011] 
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For barnacles, larvae in the settlement stage correspond to cypris 
larvae. The substrate on which the larvae in the settlement stage settle 
is not particularly limited; examples include seawater intake and outfall 
systems in power plants, coastal aquaculture facilities or fishery 
facilities. 
[0012] 

The light to the larvae in the settlement stage is irradiated in 
a direction from the substrate to the larvae in the settlement stage. 
The light is then irradiated from a position closer to the substrate from 
the position of the larvae in the settlement stage. The angle between 
the direction of light irradiation and the surface of the substrate is 
not specifically limited but an angle closer to the vertical is preferred 
and a nearly vertical angle or the vertical angle is mostly preferred. 
Accordingly, it is preferable that a light source is embedded into the 
substrate and the light is emitted from the substrate. 
[0013] 

The light to be irradiated to larvae in the settlement stage 
comprises the spectrum of 409 to 412 nm and a part (the term "a part" 
is defined not to include "full") of 400 to 460 nm; that is, the light 
does not comprise the full spectrum of 400 to 460 nm. It is preferable 
that the light comprises the spectrum of 409 to 412 nm and a part (the 
term "a part" is intended not to include "full") of 400 to 440 nm; that 
is, the light does not comprise the full spectrum of 400 to 440 nm. The 
light may comprise only the full spectrum of 409 to 412 nm but preferably 
comprises the full spectrum of 400 to 42 0 nm. The light may comprise the 
spectrum of ultraviolet radiation (having wavelengths shorter than 400 
nm) , visible radiation (having wavelengths of 400 to 83 0 nm) , or infrared 
radiation (having wavelengths longer than 83 0 nm), in addition to the 
full spectrum of 409 to 412 nm. Light with wavelengths in the range 
between 400 nm and 42 0 nm can be transmitted better through seawater than 
ultraviolet light. Accordingly, the present invention can exert effects 
of light on a larger area compared with methods using light in the 
ultraviolet range only. On the other hand, as shown in Examples, it is 
preferable that the light has a peak wavelength in the range between 409 
nm and 412 nm. This light may not be necessarily a laser beam. 
[0014] 

The intensity and time of the irradiation of the light are not 
specifically limited and can appropriately and easily be determined by 
those skilled in the art depending on the environment to be irradiated 
(e.g., quality, depth, and clarity of the water). The irradiance is 
preferably 67.78 W/m2 or higher, more preferably 80 W/m2 or higher, and 
most preferably 100 W/m2 or higher. Furthermore, in a part or full range 
of 409 to 412 nm, the spectral irradiance is preferably 62.9282 juWcm ̂ nm"1 

or higher, more preferably 75.5043 juWcm^nnT1 or higher, and most 
preferably 82.1088 /iWcm^nm"1 or higher. The irradiation of light to the 
larvae in the settlement stage may be continuous or intermittent. When 
the irradiation is made continuously, the total time of irradiation is 
preferably 5 minutes or longer, more preferably 10 minutes or longer, 
and most preferably 15 minutes or longer. 

5 



10015] 
The irradiation method is not particularly limited. For example, 

devices such as an LED emitter, a mercury lamp, and a fluorescent tube 
can be used as the irradiator. An LED emitter is preferred and optical 
fibers using LEDs are particularly preferable. 

Examples 
[0016] 
== Phototaxis assay chamber == 

In the phototaxis assay, a phototaxis assay chamber with inner 
dimensions of 12 cm (length) by 5 cm (width) by 4 cm (depth) was used. 
A lower half of the surface of one short side is made of a silica glass 
plate (5 mm in thickness, 2 cm in height, and 5 cm in width) and only 
this part is transparent to light. An LED panel used as a light source 
was arranged outside the chamber in such a manner that LED light can be 
directed from the outside into the inside of the chamber through the silica 
glass plate. 
[0017] 

The bottom surface of the phototaxis assay chamber was divided into 
5-mm-wide areas by drawing lines every 5 mm from the silica glass plate 
and denoted as the 1st to the 24th areas from the area closest to the 
silica glass plate, as shown in Fig. 1. The direction of movement towards 
the silica glass in the chamber was defined as a "positive direction 
(positive phototaxis)" and the direction away from the silica glass was 
defined as a "negative direction (negative phototaxis) . " The 1st to 12th 
areas were defined as "positive areas" and the 13th to 24th areas were 
defined as "negative areas." The line between the 12th and 13th areas 
was used as a "larvae entrance line" from which larvae are entered. The 
"larvae entrance line" is away from 6 cm from the surface of the silica 
glass plate. 

== LED panel == 

In the phototaxis assay, a projection light (Olympus LG-PS2) with 
peak wavelengths of 562 to 582 nm, an LED panel (LED panel model: 
ISL-15 0X150UU375TPNL manufactured by CSS Inc.) with LED light-emitting 
elements with peak wavelengths of 3 7 0-380 nm, an LED panel (LED panel 
model: ISL-15 0X15 0 -W-TPNL manufactured by CSS Inc.) with LED 
light-emitting elements with peak wavelengths of 409-412 nm, an LED panel 
(LED panel model: ISL-150X150BB45-TPNL manufactured by CSS Inc.) with 
LED light-emitting elements with peak wavelengths of 440^-460 nm, an LED 
panel (LED panel model: ISL-150X150-BB-TPNL manufactured by CSS Inc.) 
with LED light-emitting elements with peak wavelengths of 460-480 nm, 
and an LED panel (LED panel model: ISL-150X150-GG-TPNL manufactured by 
CSS Inc.) with LED light-emitting elements with peak wavelengths of 515 
53 5 nm were used. Wavelength characteristics of each LED light are given 
in Table 1. 
[0018] 
[Table 1] Wavelength characteristics of each LED light used for phototaxis 
assay 
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Peak 

wavelength 

(nm) 

3 7 0-380 409-412 440-446 460-480 515-535 

Half power 

angle (°) 

±45 ±65 ±55 ±55 ±55 

Half width 

(nm) 

15 15 20 25 40 

Assays were performed with the irradiance of the LED light set at 
20 W/m2 for the irradiation of light with a peak wavelength of 370 to 380 
nm and at 100 W/m2 for the irradiation of light with other peak wavelength. 
For cypris larvae of Megabalanus rosa, the assay was performed also using 
LED light with a peak wavelength of 4 09 to 412 nm and an irradiance of 
125 W/m2. The irradiance was measured and adjusted, at a position 0 cm 
away from the surface of the silica glass plate, for the light emitted 
from the LED panel arranged outside the phototaxis assay chamber and 
directed into the phototaxis assay chamber through the silica glass plate . 
The irradiance was measured using radiation sensors Pyranometer LI-200 

(400-1100 nm) and UV-AB sensor SD204AB-Cos (UV-AB8) manufactured by 
MEIWAFOSIS Co. , Ltd. The irradiance and photon flux density of each LED 
light is given in Table 2. 
[0019] 
[Table 2] Irradiance, illuminance, and photon flux density of each LED 
light used in phototaxis assay 
Peak 

wavelength 

(rim) 

370-380 409-412 409-412 440-446 460-480 515-535 

Irradiance 

(W/m2) 

20 100 125 100 100 100 

Illuminance 

(lx) 

_ 485 702 3931 6407 59494 

Photon flux 

density 

(/xmols^m"2) 

836 1089 754 762 603 

A peak spectral irradiance measured at the position 0 cm away from 
the surface of the silica glass plate using a spectroradiometer (MSR-7000N 
manufactured by Opto Research Corporation) was 82.1088 piWcrrf2nrrf1 when 
the irradiance of the light of 409 to 412 nm at the position 0 cm away 
from the surface of the silica glass plate was set to 100 W/m2. A peak 
spectral irradiance measured at the position 0 cm away from the surface 
of the silica glass plate using a spectroradiometer (MSR-7000N 
manufactured by Opto Research Corporation) was 90.3643 ̂ Wcm^nm"1 when 
the irradiance of the light of 409 to 412 nm at the position 0 cm away 
from the surface of the silica glass plate was set to 125 W/m2. 
[0020] 

The irradiance and peak spectral irradiance at a position 6 cm away 
from the surface of the silica glass plate (i.e., on the larvae entrance 
line) were calculated when the irradiance at the position 0 cm away from 
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the surface of the silica glass plate was set to 100 W/m2. First, photon 
flux densities were measured using a sensor (Quantum sensor LI-192SA 
manufactured by MEIWAFOSIS Co. , Ltd.) and peak spectral irradiances were 
measured using a spectroradiometer (MSR-7000N manufactured by Opto 
Research Corporation) in seawater at the positions 0 cm and 6 cm away 
from the surface of the silica glass plate when the irradiance at the 
position 0 cm away from the surface of the silica glass plate was set 
to 88.51 W/m2. The irradiances were then calculated from the measured 
photon flux densities using an equation: irradiance = 0.112884 x photon 
flux density + 0.051842. Attenuations of the irradiance and the peak 
spectral irradiance were then calculated to be 67.78% and 76.64%, 
respectively. Accordingly, when the irradiance at the position 0 cm away 
from the surface of the silica glass plate was set to 100 W/m2 (the peak 
spectral irradiance was set to 82.1088 ;UWcm~2nirfx) , the irradiance on the 
larvae entrance line (i.e. , 6 cm away from the surface of the silica glass 
plate) was 67.78 W/m2 from the equation (100 Wm"2 x 0.6778 = 67.78 Wm~2) 
and the peak spectral irradiance on the larvae entrance line was 62.9282 
/zWcm~2nm"1 from the equation (82.1088 jUWcm^nm"1 x 0.7664 = 62.9282 
/iWcm^nm"1) . 

== Selection of cypris larvae == 
Light with the irradiance of 100 W/m2 emitted from a projection 

light (Olympus LG-PS2) was irradiated to cypris larvae, which are larvae 
in the settlement stage, of Megabalanus rosa, a sessile invertebrate, 
for at least 1 hour until immediately before experiments, and larvae that 
exhibited approaching behavior to the light source were used for the 
following experiment. 
[0021] 

Cypris larvae, which are larvae in the settlement stage, of Balanus 
amphitrite were selected in a similar manner and used for the following 
experiments. 

== Larvae observation method == 

A darkroom (test room) that was made completely dark was prepared 
using a black-out curtain at a part of a room and the following experiments 
were performed within this darkroom. 
[0022] 

One to five larva(e) was/were placed on the larvae entrance line 
in a phototaxis assay chamber containing seawater (water temperature: 

23.1°C, salt conentration: 29.5 PSU, pH 8.4) (water depth of 2 cm) filtered 
through a 3-/xm-mesh membrane filter (ADVANTEC) and then LED light was 
irradiated to cypris larvae of Megabalanus rosa and Balanus amphitrite 
for 5 and 10 mintes, respectively. During the irradiation of the light, 
the larvae were observed from the upside of the chamber to record the 
direction of movement and the position of each larva. Results obtained 
with the cypris larvae of Megabalanus rosa and Balanus amphitrite are 
given in Figs. 2A to 2G and Figs. 3A to 3F, respectively. In Figs. 2A 
to 2G and Figs. 3A to 3F, each black circle represents the position of 
the larva at the time of stopping the irradiation of the LED light and 
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each encircled number in the figures represents the position at which 

the larva was temporarily stopped and the order in which the larva was 

stopped. Next, the distance that each larva moved was calculated from 

the observation results. Figs. 4A to 4G show the direction and distance 

of movement of the cypris larvae of Megabalanus rosa and Fig. 5A to 5F 
show the direction and distance of movement of the cypris larvae of Balanus 
amphitrite. 
[0023] 

The white and black bars in Figs . 4A to 4G and 5A to 5F represent 

the distance of movement in the positive and negative directions, 

respectively. The percentages of the larvae located in the areas in the 

positive or negative direction at the time of stopping the irradiation 

of the light are shown in Fig. 6 for the cypris larvae of Megabalanus 
rosa and in Fig. 7 for the cypris larvae of Balanus amphitrite. 

== Results == 

The cypris larvae of both Megabalanus rosa and Balanus amphitrite 
exhibited strong positive phototaxis to the light with the peak wavelength 

of 562 to 582 nm from the projection light and light with the peak 

wavelengths of 460 to 480 nm and 515 to 535 nm (Figs. 2A to 2C, 3A to 

3C, 4A to 4C, 5A to 5C, 6, and 7) . On the contrary, when the light with 

the peak wavelength of 440 to 460 nm was irradiated, the number of larvae 

moved to lane 1 was decreased and some larvae temporarily moved in the 

negative direction (Figs. 2D, 3D, 4D, 5D, 6, and 7) . Furthermore, when 

the light with the peak wavelength of 409 to 412 nm was irradiated, the 

number of larvae moving to lane 1 was decreased further whereas the number 

of larvae moving in the negative direction was increased (Figs. 2E, 2F, 

3E, 4E, 4F, 5E, 6, and 7). 

[0024] 

When the light with the wavelength 370 to 380 nm was irradiated, 

the number of larvae moving in the negative direction was increased (Figs . 

2G, 3F, 4G, 5F, 6, and 7) . Considering, however, that the light with 

wavelengths in the range between 400 nm and 420 nm has a higher 

transmittance in the seawater than the ultraviolet light (having 

wavelengths shorter than 400 nm) , it is particularly effective to 

irradiate the light comprising a violet spectrum and having a peak in 

the wavelength range between 409 nm and 412 nm rather than using the light 

only with the ultraviolet spectrum in order to suppress the larvae of 

barnacles in the settlement stage from settling on a substrate in water 

over a wide region. 

[0025] 

Furthermore, some cypris larvae of both Megabalanus rosa and 
Balanus amphitrite were observed to move, to the negative direction, from 
the position of the larvae entrance line where the light with the peak 

wavelength of 409 to 412 nm has an irradiance of 67.78 W/m2 and a peak 

spectral irradiance of 62 . 9282 /iWctrf 2nm_1 (Figs. 2E, 3E, 4E, and 5E) . Thus, 

it is effective to use the irradiance of 67.78 W/m2 or higher and the peak 

spectral irradiance of 62.9282 ftWcm^nm"1 or higher at the substrate for 

the larvae of barnacles in the settlement stage to settle on a substrate. 
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Industrial applicability 
[0026] 

The present invention made it possible to provide methods of 
suppressing larvae of barnacles in the settlement stage from settling 
on a substrate in water. 
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Claims 
1. A method of suppressing a larva of a barnacle in a settlement stage 
from settling on a substrate in water, comprising the step of irradiating 
light comprising the spectrum of 409 to 412 nm and a part of 400 to 460 
nm to the larva in the settlement stage in a direction from the substrate 
to the larva in the settlement stage. 

2. The method according to Claim 1, wherein the light comprises the 
spectrum of a part of 400 to 440 nm. 

3. The method according to Claim 1 or 2, wherein the light has a peak 
wavelength in the range between 40 9 and 412 nm. 

4 . The method according to any one of Claims 1 to 3 , wherein the light 
comprises a full spectrum of 400 to 420 nm. 

5. The method according to any one of Claims 1 to 4, wherein an 
irradiance of the light is 67.78 W/m2 or higher. 

6 . The method according to any one of Claims 1 to 4, wherein a spectral 
irradiance of the light is 62.9282 /xWcm~2nm_1 or higher in at least a part 
or full range of 409 to 412 nm. 

7. The method according to any one of Claims 1 to 6, wherein the light 
is not a laser beam. 

8 . The method according to any one of Claims 1 to 7, wherein the larva 
in the settlement stage is a cypris larva. 

9 . The method according to any one of Claims 1 to 8, wherein the water 
is seawater. 

10 . The method according to any one of Claims 1 to 8, wherein the light 
is LED light. 
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