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Overview of large-scale areal conservation
restoration techniques for coral reefs

1. Technologies developed
(1) Background
The Fisheries Agency of Japan has been working on coral propagation using sexual
reproduction since 2007 and has published the technology developed up until 2017 in the
“Handbook of Coral Reef Restoration Technology by Sexual Reproduction” (March 2019,
Fisheries Agency of Japan) (hereinafter referred to as the handbook). This handbook has
been widely disseminated and subsequently used by organizations working on coral
propagation and reef restoration.
However, environmental impacts from rising seawater temperatures have resulted in
severe coral decline, therefore there is a need for technology that can restore coral reefs
more efficiently and over a wider area. Since 2018, the Fisheries Agency of Japan has
been developing a series of technologies aiming to restore coral reefs more efficiently and
extensively through sexual reproduction. This document provides an overview of the
following elemental technologies developed over the past five years up until 2022:
® Technology for forecasting the movement and spread of coral larvae
® Development of Artificial base for Coral larvae settlement and growth
® Technology to supply coral larvae over a wide area
[

Coral coverage measurement technology utilizing ICT

(2) Relationships between each elemental technology
Coral propagation technology using the sexual reproduction method described in the
handbook consists of three stages: Mass production of juvenile corals, farming of juveniles
in nurseries, and outplanting of grown corals. The series of technologies introduced here
aim to grow coral larvae into reproducible adult corals by settling them at certain densities
on an artificial base suitable for coral settlement and growth. The relationships between
each key element of the technology are shown in Figure 1.
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Coral coverage
measurement

Technology to supply
coral larvae over a

technology
utilizing ICT

wide area

Forecasting the extent and Assessing coral distribution

Settlement

Technology for forecasting Development of artificial
the movement and spread of base for Coral larvae
coral larvae settlementand growth

Determination of artificial reef placement
based on forecasts

Figure 1 Relationships between each elemental technology

2. Technology for forecasting the movement and spread of coral larvae
(1) Summary
This technology uses a numerical simulation model to forecast the efficient and effective
release sites, settlement sites, and settlement volumes of coral larvae.

The simulation model is an areal diffusion simulation model that combines a "flow model"

that forecasts the flow field in the ocean during the period of coral spawning and release
of coral larvae, alongside a "suspended larval migration model" that forecasts the behavior
of larvae as they float along with the flow and subsequent settlement.
The methods for supplying coral larvae across a wide area can be broadly classified into
two types (Fig. 2). One of these is the "coral larvae collection type," in which everything
from larval collection to discharge is done artificially, whilst the other is the "direct release
type," in which coral larvae are spawned and diffuse naturally from adult corals on the
larvae-supplying artificial bases, aiming to settle on the artificial bases placed by forecast.

An areal dispersion simulation model will be used to study discharge planning for both of

these types.
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Larvae collection type Direct release type

\ A A

M : the larvae—supplying artificial bases M :the larvae—supplying artificial bases
Q A :the artificial bases A :the artificial bases

\

\

Result

9 q In areas of the reef where currents are
| Density of coral larvae settlement is

il high duo to the small dispersal area of
coral larvae.

weak, coral larvae can be expected to
settle on the sesa bottom.

Figure 2. Diagram of the two types

(2) Effect
Planning of coral larvae discharge and forecasting larval settlement area using
larvae collection type
The extent of coral larval supply and the amount of settlement by larval collection type
varied depending on the height of the discharge, amount of discharge, etc. In other words,
it is necessary to set the area and amount of settlement, whilst also planning for efficient
and effective discharge.
The discharge demonstration test results using a numerical simulation model reproduced
the larval dispersal range with an accuracy of approximately 90 % (Figures 3(1) and 3(2)).
This allowed for efficient and effective planning of coral larval discharge.
Feasibility study of direct discharge type and applicability to placement planning of
coral larva-supplying artificial base placement plans
The flow model was successfully used to forecast the average and representative current
conditions based on meteorological and oceanographic data over the past 10 years in the
target area. Furthermore, by using areal dispersal simulations, it is possible to forecast
"from where (placement of larval supply Artificial base)" and "how many coral larvae we
need to release (number of adult corals = scale of larval supply Artificial base)" in order to
create a certain amount of larval settlement in the area where coral recovery is desired
(Figure 3(3)).
As a result, it was possible to select between both larval supply methods for effective and
efficient coral recovery.
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Observation result Calcuration result

Area where many
coral larvae settle.

Legend

[J o ind/m?

[ ~100 Ind./m?

[] ~500 Ind./m?

El ~1000 Ind./m?

& 1000 Ind./m? -
1 Contour interval: 800 ind./m’

Figure 3(1) Reproduction calculation results of discharge by larval collection type (fixed
type and intermittent mobile type) (Reproduction rate is 89 %)
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Figure 3(2) Reproduction calculation results of discharge by larval collection type
(continuous mobile type) (reproduction rate is 92 %)

Number of
larvae laid:
18 million |

Index

Spawning point
(] FDlrect release type)

Figure 3(3) Forecasted larval settlement results for discharges using direct discharge
type.

3. Development of Artificial base for Coral larvae settlement and growth

(1) Shape
Eight lattice-shaped substrates were installed on the steel bases designed for stability and
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durability. The center of the base was a drainage area without a substratum to reduce the
lifting force on the base.

Two types of substrates, flat and convex-concave, were developed. The flat type provided
the advantages of having a simple geometry and lower cost compared to the convexo-
concave type. In constract, convex-concave types are more complex and somewhat more
expensive, whilst having the advantages of being less likely to allow growing corals to
contact each other and interfere with each other's growth.

The developed base measured 2,160 x 2,160 x 650 mm (W x D x H) for the flat type and
2,160 x 2,160 x 800 mm (W x D x H) for the convex-concave type. The convex-concave
type is 150 mm higher, although the height to the lower level is 650 mm, which is the same
as that of the flat type.

—_———

Figure 4: Shapes of two types (left: flat type, right: convexo-concave type)

(2) Basic function

The base and substratum have many functions,
listed below, to create a suitable environment for
coral settlement and growth.

©®

@

Lattice-shaped  substratum  ensures  water
permeability and prevents floating mud.

This lattice-shaped substratum also makes it
difficult for fish and other predators to prey on
juvenile corals inside the lattice.

Lattice-shaped substratum reduces intense light

within the lattice.

Figure 5: Juvenile corals growing

The legs of the base are made of round steel inside a lattice
(®30mm) to prevent COTS (crown - of - thorns

starfish ) from crawling up.

The height of the substratum was at least 650 mm, which reduced the damage caused by sand

and gravel movement.

On the substrates used for the sea area demonstration, almost no mortality was observed,

IV-6-12



even after three years of settlement, indicating that a high survival rate can be expected for
corals that have settled on the substratum.

4 . Technology to supply coral larvae over a wide area

(1) Summary | Installation of adult corals ‘

This method artificially supplies a large ‘

amount of coral larvae to artificial bases ‘ Installation of larval cradle ‘

installed in an areal area using the

aforementioned technology  for ‘ Spawning and fertilization in larval cradle ‘

forecasting the movement and spread

Of Coral Iarvae “(Flgure 6) COHSIderIng | Rearing coral larvae ‘

mortality during the growth process and

the fertilizable distance between adult ’Movementof Iarvalcradle‘

corals, the target settlement density

was set at 100 individuals/m2. ‘ Larval discharge over artificial bases |

Figure 6: Flow of supplying coral larvae to a

wide area

(2) Upgrading larval cradle
The larval cradle was modified to collect
additional coral bundles and to supply
large quantities of coral larvae.
As shown in Figure 7, a conical sheet

was stretched over several bases on N
which the adult coral was placed, and ; : 50
the bundle rose to the larval cradle at e g
the sea surface through the hoses. The

bundle rises to the sea surface, pops, s e &

and sperm and eggs are subsequently Figure 7: Upgraded larval cradle
released.

(8) Larval discharge method
Larval discharge methods can be broadly divided into categories of fixed and mobile.
Mobile discharge methods are further divided into intermittent and continuous methods,
based on their movement patterns. In the intermittent mobile discharge method, larvae in
the larval cradle are released multiple times, with the movement being repeated using the
fixed discharge method. The continuous mobile discharge method discharges coral larvae
while moving and requires greater technical skills than the intermittent mobile discharge
method considering the need to adjust the speed and posture of the cradle during
movement. In general, the difficulty increases in the following order: Continuous mobile

IV-6-13



discharge, intermittent mobile discharge, and fixed discharge.

Confirmation of
coral larval counts

V4
Seawater
- = ]
Coral cradle
o -
Agitation l
berore

discharge _J\\ \JOpen and close

the bottom

Artificial bases

Figure 8: Fixed discharge method Figure 9: Continuous mobile discharge method

5. Coral coverage measurement technology using ICT.
(1) Summary
When implementing coral reef conservation and restoration activities, coral coverage
measurement and the classification of distributed corals are conducted to assess the
current status for confirmation of the initial conditions or results of activities.
Traditional methods, such as coral coverage
measurement and coral classification by divers, are
widely used; however, to expand the scale of
activities, technology that can more efficiently assess
the current status of a wide area is needed. Therefore,
instead of visual observations by divers, coral

measurement technology using an underwater .
camera attached to the bottom of a remote-controlled Figure 10: Appearance of
boat, and Al-based coral classification technology remote-controlled boat
have been developed.

(2) Filming coral reefs using an underwarmer video camera
Coral reefs can be photographed using an underwater camera attached to a remotely
controlled boat. In the demonstration test for this in the coastal waters of Okinawa, the
filming lasted approximately 3.3 days/10 ha, indicating that the number of days required
for filming could be reduced to approximately a quarter of that of the conventional method
used by divers, which is approximately 18 days/10 ha.
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In addition, by mosaicing stillimages cut
Filming i

from the video, we created a high- HIng Thage |

resolution image that clearly captured

the detailed branch shapes of the coral.

Mosaic image

Figure 11: Filming and mosaic image

(3) Al-based Coral Classification technology (log)

We constructed an Al model to determine the distribution of corals from mosaic images.
Considering that it is necessary to train high-quality teacher data, we created teacher data
by polygonizing the area in detail using GIS software to capture the characteristics of the
coral contours. In addition, the mosaic image before joining a piece has different color
tones depending on the light conditions of the filming and the objects. However, the
analysis accuracy can be further improved by standardizing the images as a pre-
processing step. The results subsequently showed that the accuracy of the two coral/non-
coral categories was greater than 80 %, whilst the accuracy of the species-specific
categories was 85 % for columbous corals and 79 % for resinous corals.

Correct Data Al Classification Result

Coral Coral
Figure 12: Al classification results (2 classifications)

Correct Data Al Classification Result

dendritic corymbose table dendritic corymbose table
|| p— [ ] [ ]
corals corals corals corals corals corals

Figure 13: Al classification results (species-specific)
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