


1995

96,000ha

12-14

2003

11

40






(1
(2
(3
(4)
(5)
(6)
(7)
(8
9

(1
(2)
(3
(4)
(5)
(6)
(7)

(1
(2)
(3

(1
(2)
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(4)
(5)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Acropora formosa

A. hyacinthus

(1)

(2)

(3)

. Porites lutea
(1)

(2)

(3)

(1
(2)
(3
(4)

(1
(2



1990

state of the arts



1980
1990

06-303875

van Treek and Schuhmacher 1997, 1999; Schuhmecher et al. 2000

1990



Heyward Harrison Morse

Heyward

(Dodge et al. 1999)

(Dodge et al 1999;
Munoz-Chagin 1997)

(Bowden-Kerby 1997)

2 30cm
Montastrea curta 2.5 b.lcm 9
75% Becker and Muller (1999) 2.5 cm
Acropora echinata  Pavona cactus
5 10 10 15 15 25cm 3 cm 2

3

(Plucer-Rosario and Randall 1987) Acropora
prolifera 3 5 8 12 15 22 cm 3

(Bowden-Kerby 1997)



100 300

lha 245,000
59 Kaly 1995

2001

100
O—— Cyphastrea
serallia
80
—O— Porites
cylindrica
60
— X -Acropora
40 cytherea

—X— Acropora

20 formosa
0 - Tk =] - -k - Acropora
Jul-92 Nov-92  Jun-93 Nov-93  May-94  Nov-94 nobilis
—&— Pocillopora
2-1 St.9 7
1995
8 66
2-1 Acropora
formosa A. nobilis
2-1 (1995)



Acropora

formosa 2 1 43 69% 2
17 100% ( 1997)
( 1993, 1994, 1995)
A. nobilis 1 82% ( 1991)
(
1993, 1994, 1995) A. microphthalma 17 100
( 1997)
A. prominens 1 51.8% (Auberson 1982)
A. humilis 2 79.9% (Clark and Edwards 1995) 1 2 4
A. tenuis 2 100% 50% 25% (Clark
and Edwards 1995) A. hyacinthus 3
1 24% ( 1991) 2 49  (Clark
1997) 17 44% (Plucer-Rosario and Randall 1987)
A. divaricata 2 80.6%
(Clark and Edwards 1995) A. cytherea 2 50% (Clark and
Edwards 1995)
( 1993, 1994, 1995)
Montipora foliosa M. stellata 15
100% ( 1997) M. digitata 1
80 10
( 1995)
Pocillopora damicornis
7 (Harriott and Fisk 1988) 17 (
1997) 100% Seriatopora hystrix Stylophora
pistillata pioneer species
(Bouchon et al 1981) S. hystrix 43
13% ( 1997) S. pistillata 18
39% ( 1991)
Echinopora lammellosa 3
80% (Kaly 1995) Leptastrea purpurea L. transversa
28 (Clark and Edwards 1995)
Porites lichen 2 100 P, lobata 2
97.2% P lutea 28 91.9% P nigrescens 2 83.7%
(Clark and Edwards 1995) P, eylindrica
( 1993, 1994,
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1995) 5 75% ( 1991)

( 1991 Plucer-Rosario and Randall 1987)

Pavona frondifera (Clark and Edwards 1995;
Plucer-Rosario and Randall 1987)
(Yap et al 1992) Leptoseris gardineri

(Plucer-Rosario and Randall 1987)

Heliopora coerulea

1 100% (Auberson 1982)
Millepora dichtoma 1 68% M. platyphylla 1
58% (Auberson 1982)

11



2-1

Family Acroporidae

Acropora

Montipora

Family Agariciidae

Pavona

bruggemanni

cervicornis

conferta

corymbosa

cytherea

digitifera

divaricata

echinata

formosa

gemmifera

humilis

hyacinthus

microphthalma

nasuta

nobilis

palmata

prolifera

prominens

prostrata

pulchra

tenuis

tumiaa

digitata

foliosa

prolifera

pulcherrima

stellata

cactus

/Auberson (1982)

Becker and Mueller (1999)

Chen and Xiong (1995)

Chen and Xiong (1995)

Clark and Edwards (1995);

Clark and Edwards (1995)

Clark and Edwards (1995)

Plucer-Rosario and Randall (1987)

Becker and Mueller (1999); Iliff (1999)

Bowden-Kerby (1997)

(Auberson (1982)

Chen and Xiong (1995)

Yap and Gomez (1984)

Clark and Edwards (1995)

(1993, 1994, 1995)

(1997)

/Auberson (1982)

Plucer-Rosario and Randall (1987)

Clark and Edwards (1995)

Plucer-Rosario and Randall (1987);

(1993, 1994, 1995)

(1997, 1998, 1999); (1997);
(1993, 1994, 1995)
Clark and Edwards (1995); Kaly (1995); (1991)
Clark and Edwards (1995)
( ); Clark and Edwards (1995); (1991);
(1997); Yap et al. (1992)
(1997)
(1997)
(1991); (1999);
(1994); (1997)

(1993, 1994, 1995)
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Leptoseris

Pachyseris

Family Faviidae

Cyphastrea

Favia

Goniastrea

Leptastrea

Montastrea

Platygyra

Family Mussidae

Symphyllia

Family Oculinidae

Gallaxea

frondifera

lata

gardineri

rugosa

serallia

matthai

speciosa

stelligera

aspera

reticulosa

purpurea

transversa

annularis

cavernosa

faveolata

rustica

agaricia

fascicularis

lamarcki

Family Pocilloporidae

Madracis

Pocillopora

Seriatopora

Stylophora

decactis

brevicornis

aamicornis

aanae

eydouxi

verrucosa

hystrix

pistillata

Clark and Edwards (1995); Yap et al. (1992)

Chen and Xiong (1995)

Plucer-Rosario and Randall (1987)

Chen and Xiong (1995)

(1993, 1994, 1995)

Chen and Xiong (1995); (1993, 1994, 1995)

Clark (1997)

Kaly (1995)

Chen and Xiong (1995); Clark (1997)

Clark and Edwards (1995)

Clark and Edwards (1995)

Clark and Edwards (1995)

Gil-Navia (1999)

Dodge et al. (1999)

Becker and Mueller (1999)

Chen and Xiong (1995)

Chen and Xiong (1995)

Chen and Xiong (1995); (1991)

Chen and Xiong (1995)

Dodge et al. (1999)

Chen and Xiong (1995)

Chen and Xiong (1995); Clark and Edwards (1995);

Harriott and Fisk (1988a); (1997);

Yap et al. (1992)

Chen and Xiong (1995)

(1993, 1994, 1995)

(1991)

(1997)

(1991); Kaly (1995)
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Family Poritidae

Porites

Family Helioporidae

Heliopora

Family Milleporidae

Millepora

astreoides

cylindrica

lichen

lobata

lutea

nigrescens

coerulea

alcicornis

dichotoma

platyphylia

prominens

Dodge et al. (1999); Gil-Navia (1999)

(1991);

Clark and Edwards (1995)

Clark and Edwards (1995); Clark (1997)

Clark and Edwards (1995)

Clark and Edwards (1995)

Auberson (1982)

Clark and Edwards (1995)

/Auberson (1982)

/Auberson (1982)

[Auberson (1982)

(1993, 1994, 1995)

14




Auberson B (1982) Coral transplantation; an approach to the re-establishment of
damaged reefs. Kalikasan 11: 158-172.

Becker LC and Mueller E (1999) The culture, transplantation, and storage of
Montastraea faveolata, Acropora cervicornis, and A. palmata: what we learned so
far. National Coral Reef Institute Abstract: 53.

Bouchon C, Jaubert J and Bouchon-Navano Y (1981) Evolution of a semi-artificial reef
built by transplanting coral heads. Tethys 10 : 173-176.

Bowden-Kerby A (1997) Coral transplantation in sheltered habitats using unattached
fragments and cultured colonies. Proc. 8th Intl. Coral Reef Sym. 2: 2063-2068.

Chen G. and Xiaog S (1995) A study on the transplantation of reef-building corals in
Sanya waters, Hainan province. Tropic Oceanology 14: 51-57.

Clark S and Edwards AJ (1995) Coral transplantation as an aid to reef rehabilitation:
evaluation of a case study in the Maldive Islands. Coral Reefs, 14: 201-213

Clark T (1997) Tissue regeneration rate of coral transplants in a wave exposed
environment, Cape D’Aguilar, Hong Kong. Proc. 8t Intl. Coral Reef Sym. 2:
2069-2074.

Dodge RE, Anderegg D, Fergen R and Cooke P (1999) Sewer outfall coral
transplantation project. National Coral Reef Institute Abstract: 80.

Gil-Navia MF (1999) Transplantation of reef-building corals on the Rosario archipelago,
Colombian Caribbean. Natl. Coral Reef Inst. Abstract: 91.

Harriott VJ and Fisk DA (1988) Accelerated regeneration of hard corals; a manual for
coal reef users and managers. GBRMPA Tech. Memo 16.

Niff JW, Goodwin WB, Hudson JH, Miller MW and Timber J (1999) Emergency
stabilizaton of Acopora palmate with stainless steel wire and nails: impressions,
lessons larned, and recommendations from Mona Island, Puerto Rico. Natl. Coral
Reef Inst. Abstract: 110.

(1993) 4
42pp.
(1994) 5 . 86pp
(1995) 6 . 87pp
(1991) . 1:1-25.

Kaly UL (1995) Experimental test of the effect of methods of attachment and handling
on the rapid transplantation of corals. CRC Reef Research Centre Tech. Rep. (1)

28pp.
Munoz-Chagin RF (1997) Coral transplantation program in the Paraiso coral reef,
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Cozmel Island, Mexico. Proc. 8% Intl. Coral Reef Sym. 2: 2075-2078.
(1994)
Biol. Mag. Okinawa 32: 49-56.
(1997) . 5pp.
(2001) . Galaxea, JCRS 3:
31-40.

Plucer-Rosario GP and Randall RH (1987) Preservation of rare coral species by
transplantation: an examination of their recruitment and growth. Bull. Mar. Sci. 41:
585-593.

Shuhmacher H, Treek P, Eisinger M and Paster M (2000) Transplantation of coral
fregments from ship groundings on elecreochemically formed reef structures. Proc.
9th Intl. Coral Reef Sym. 2: 989-990.

van Treek P and Schuhmacher H (1997) Initial survival of coral nubbins transplanted by
a new transplntation technology: options for reef rehabilitation. Mar. Ecol. Prog. Ser.
150: 287-292.

van Treek P and Schuhmacher H (1999) Artificial reefs created by electrolysis and coral
transplantation: An approach ensuring the compatibility of environmental
protection and diving tourism. East Coast. Shelf Sci. 49:75-81.

Yap HT and Gomez ED (1984) Growth of Acropora pulchra [1. Response of natural and
transplanted colonies to tenperature and day length. Mar. Biol. 81: 209-215.

Yap HT, Alino PM and Gomez ED (1992) Trends in growth and mortality of three coral
species (Anthozoa: Scleractinia), including effects of transplantation. Mar. Ecol.
Prog. Ser. 83: 91-101.

Birkeland C, Randall RH and Grimm G (1979) Three methods of coral transplantation
for the purpose of reestablishing a coral community in the thermal effluent area at
the Tanguisson Power Plant. Univ. Guam Tech. Rep. 60pp.

Carlson, BA (1987) Aquarium systems for living corals. Int. Zool. Yb. 26: 1-9.

Clark S and Edwards AJ (1995) Coral transplantation as an aid to rehabilitation:
evaluation of case study in the Maldive Islands. Coral Reefs 14: 201-213.
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Edwards AJ and Clark S (1999) Coral transplantation: A useful management tool or
misguided meddling. Mar. Poll. Bull. 37: 474-487.

Franklin H, Muhando CA and Lindahl U (1998) Coral culturing and temporal
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Heeger T, Cashman M and Sotto F (1999) Coral farming as alternative livelihood, for
sustainable natural resource management and coral reef rehabilitation. Proc.
Ocean. Intl. Pacific Rim, Singapore, 171-185.

Heeger T and Sotto F (2000) Coral Firming: A Tool for Reef Rehabilitation and
Community Ecotourism. German Ministy of Environment, German Technical
Cooperation and the Tropical Ecology Program (GTZ-TOB), 94pp.
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207-226.

Lindal U (1998) Low-tech rehabilitation of degraded coral reefs through transplantation
of staghorn corals. Ambio 27: 645-650.

Oren U and Benayahu Y (1997) Transplantation of juvenile corals: a new approach for
enhancing colonization of artificial reefs. Mar. Biol. 127: 499-505.

Rinkevich B (1995) Restoration strategies for coral reefs damaged by recreational
activities: the use of sexual and asexual recruits. Res. Ecol. 3: 241-251.
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branch fragments. Mar. Biol. 136:807-812.
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(Hayashibara et al. 2003)

1 2000
260 6

(Hayashibara et al. 2000) 10

( 2000)
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50ml
(Petersen and Tollrian
2001)
10¢ 200
4 3000 s
90 2 3
Morse and Morse (1991)
Agaricia humilis
Hydrolithon boergesenii
Morse et al. (1994) “flypaper”
2mg/1
1
6 72
Hydrolithon reinboldii
(Morse et al. 1996)
Peyssonnelia sp.
90% 1997
Hym-248 (Iwao et al.
2002; Hatta and Iwao 2003) Hym-248 Hydra magnipapillata
1x10M
12 3-8 Hym-248
100%
4
100% 2
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( 2001)

(Negri et al. 2001) 52%
g

3-8
1
2
3 4;
5
or ab

( 2002)
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6.0m

5.5%

5.5%

164

3-10

(Heyward et al. 2002)
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3-10
Heyward et al. 2002

1998,
2002

5 10mm

3-11 Acropora
florida

28



3-11 Acropora florida

(2002)
. . 190

Fukami H, Omori M, Shimoike K, Hayashibara H and Hatta M (2003) Ecological and
genetic aspects concerned with reproductive isolation by differential timing of
spawning in Acropora corals. Mar. Biol. 142: 679-684.

Hatta M and Iwao K (2003) Metamorphosis induction and its possible application to
coral seedlings production. Rec. Adv. Mar. Biol. Tech. ( )

Hayashibara T, Iwao K and Omori M (1996) Spawning induction for Acropora spp. Abstr.
8th Intl. Coral Reef Symp. 86.

Hayashibara T, Iwao K and Omori M (2003) Induction and control of spawning in
Okinawan staghorn corals. Coral Reefs.

Hayashibara T, Kimura T and Hatta M (2000) Changes of cnida composition during
planula development of a reef-building coral Acropora nasuta. Galaxea, JCRS
2:39-42.

Hayashibara T, Shimoike K, Kimura T, Hosaka S and Heyward A, Harrison P, Kudo K,
Omori M (1993) Patterns of coral spawning at Akajima Island, Okinawa, Japan.
Mar. Ecol. Prog. Ser. 101: 253-262.

Heyward AJ, Smith LD, Rees M and Field SN (2002) Enhancement of coral recruitment
by 1n situ mass culture of coral larvae. Mar. Ecol. Prog. Ser. 230: 113-118.

Heyward AJ, Yamazato K, Yeemin T and Minei M (1987) Sexual reproduction of corals in
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Okinawa. Galaxea 6: 331-343.

(1997) : 8: 20-22.

(2000) . 11: 24-25.

(2001) 3 . 4

. 52.
Iwao K, Fujisawa T and Hatta T (2002) A cnidarian neuropeptide of the GLWamide

family induces metamorphosis of reef-building corals in the genus Acropora. Coral
Reefs 21: 127-129.

(2002)

13: 26-29.
(1998) (4). 27: 65
(2002) (6). 31: 42-43.

Morse ANC, Iwao K, Baba M, Shimoike K, Hayashibara T and Omori M (1996) An
ancient chemosensory mechanism brings new life to coral reefs. Biol. Bull. 191:
149-154.

Morse DE and Morse ANC (1991) Enzymatic characterization of the morphogen
recognized by Agaricia humilis (scleractinian coral) larvae. Biol. Bull. 181: 104-122.

Morse DE, Morse ANC, Raimondi PT and Hooker N (1994) Morphogen-based chemical
flypaper for Agaricia humilis coral larvae. Biol. Bull. 186: 172-181.

Negri AP, Webster NS, Hill RT and Heyward AJ (2001) Metamorphosis of broadcast
spawning corals in response to bacteria isolated from crustose algae. Mar.Ecol. Prog.
Ser. 223: 121-131.

Petersen D and Tollrian R (2001) Methods to enhance sexual recruitment for restoration
of damaged reefs. Bull. Mar. Sci. 69: 989-1000.

(2002)
5 . 19.
(1999)
1: 8-9.
(2002)
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3-1

2002

3-1
+sd
(m) 8.4+3.4
34.7+0.1
(m) 13.7£3.5
SS(mg/1) 1.240.5
COD mg/l 0.8+0.1
TN mg/l 0.15+0.04
TP mg/l 0.012+0.005
Heeger & Sotto 2000
3-2
3-2 Heeger & Sotto 2000
220 2501
300
32 36
12
1 /s
6 12
5
1995
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30 ( 314

3 6 1
Acropora

hyacinthus Acropora tenuis

2002

3-14

Heeger T & F Sotto (2000) Coral Farming: A Tool for Reef Rehabilitation and
Community Ecotourism, 9pp.
2002

1995 6
8Tpp.
1999
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99+27pp.
(2002)

2002
49 1186-1190.
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100

2  30cm

(1999) 2.5 cm

Munoz-Chagin 1997

1997

gemmifera  Favia stelligera

Stylophora pistillata  Rumphella sp.

Montastrea faveolata
75%

36

2.5 5.1 cm
Becker and Muller

2001a
Dodge et al. 1999
Dodge et al.1999;

Bowden-Kerby

Acropora

Kaly 1995



b)

2000;

Edwards 1995)

4

1999;

2001b;

2001Db,
4-1-a
4-1-c
2000;
2002

2002

(Clark 1997)

2001b;
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(T0iff et al.
2002) 4-1-e
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(Harriott and Fisk 1988)

3 Acropora intermedia A. millepora
A. hyacinthus
Smith and Hughes 1999 17 37%
15% 10% 39% 31% 4%
5 2003
2001 A. formosa
10cm
2417 28]
6 2
26.6 28.30
3
Dichocoenia stoksii Montastrea cavernosa Porites astreoides 13 98.5%
(Dodge et al. 1999) 43 Acropora formosa  69% (
1997) A. echinata 46  (Plucer-Rosario

and Randall 1987)

(Yap and Gomez 1984; Yap et al. 1992)
(Yap and
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Gomez 1984)

Auberson B (1982) Coral transplantation; an approach to the re-establishment of
damaged reefs. Kalikasan 11: 158-172.

Becker LC and Mueller E (1999) The culture, transplantation, and storage of
Montastraea faveolata, Acropora cervicornis, and A. palmata: what we learned so
far. Natl. Coral Reef Inst. Abstract: 53.

Bowden-Kerby A (1997) Coral transplantation in sheltered habitats using unattached
fragments and cultured colonies. Proc. 8th Intl. Coral Reef Sym. 2: 2063-2068.

Clark S and Edwards AJ (1995) Coral transplantation as an aid to reef rehabilitation:
evaluation of a case study in the Maldive Islands. Coral Reefs 14: 201-213.

Clark T (1997) Tissue regeneration rate of coral transplants in a wave exposed
environment, Cape D’Aguilar, Hong Kong. Proc. 8t Intl. Coral Reef Sym. 2:
2069-2074.

Dodge RE, Anderegg D, Fergen R, Cooke P (1999) Sewer outfall coral transplantation
project. Natl. Coral Reef Inst. Abstract: 80.

Harriott VJ and Fisk DA (1988b) Coral transplantation as a reef management option.
Proc. 6t Intl. Coral Reef Symp. 2: 375-379.

(2001) : 4
: 38.

Niff JW, Goodwin WB, Hudson JH, Miller MW and Timber J (1999) Emergency
stabilization of Acropora palmata with stainless steel wire and nails: impressions,
lessons learned, and recommendations from Mona Island, Puerto Rico. Natl. Coral
Reef Inst. Abstract: 110.

(1993) 4
42pp.

(1994) 5
86pp.

(1995) 6
87pp.

Kaly UL (1995) Experimental test of the effect of methods of attachment and handling
on the rapid tranplantation of corals. CRC Reef Research Centre Tech Rep (1) 28pp.
Munoz-Chagin RF (1997) Coral transplantation program in the Paraiso coral reef,

Cozmel Island, Mexico. Proc. 8t Intl. Coral Reef Sym. 2: 2075-2078.
(1994) 0 0.
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32: 49-56.

2000 Acropora muricata (formosa)

3 . 18.
2001a . Galaxea, JCRS, 3: 31-40.
2001b Acropora muricata (formosa)
4 . 5.
2002 Acropora 3
. 5 . 20.
(2003) . 14: 32-34.
(1997) . 5pp.

Plucer-Rosario GP and Randall RH (1987) Preservation of rare coral species by
transplantation: an examination of their recruitment and growth. Bull. Mar. Sci. 41:
585-593.

Smith LD and Hughes TP (1999) An experimental assessment of survival,
re-attachment and fecundity of coral fragments. J. Exp. Mar. Biol. Ecol. 235:
147-164.

Yap HT and Gomez ED (1984) Growth of Acropora pulchrall. Responses of natural and
transplanted colonies to temperature and day length. Mar. Biol. 81: 209-215.

Yap HT, Alino PM and Gomez ED (1992) Trends in growth and mortality of three coral
species (Anthozoa: Scleractinia), including effects of transplantation. Mar. Ecol.
Prog. Ser. 83: 91-101.
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(1998)
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1998 1999
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5-2 ( 2002

5-3
1998 1999 2000
1998
10cm 1m
1999 10 1m
2000
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19

(1998)
. Techno-ocean'98 Intl. Symp. Proc. 181-184.

1999
. 99+27pp.
2000
2001
48 1301-1305
(2002)
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1998 2000

1998
Okamoto et al 2000; Yamazato 1999

2001

10x10x%1.3 cm
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Okamoto 1998
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d)
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b)

300g

50
kg
c)
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Acropora formosa Acropora hyacinthus

2001 4.08 m/sec (
2001) 1999 2002
21.3-30.3°C ( 2001, 2002) 1974 1990
8.4 MJ/m2 (1 ) 20.5 Md/m2 (7 X( 2000)
44%, 21.7%,
7.0%, 6.0% 21.4% ( 1999)

Acropora formosa

Acropora hyacinthus 9 10
5 6 A. formosa 1999 11 7 2000 3
15 2000 8 11 A. hyacinthus 2001 7 13 2002 2
20
Acropora formosa 1m 4.5m?2 5¢cm  10cm
20cm 3 470 0.1lmm
A. hyacinthus 5 0.35m 0.54 m2
8g+0.4g  30g+0.4g 220
A.
formosa A. hyacinthus 15 20m
2 3m
8cm 3cm

6-10 A. formosa bcm

10cm 1 20cm 2
A. hyacinthus 1 1 6-11
A. formosa A. formosa 11

A. hyacinthus 8
A. hyacinthus
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6-11. 2 Acropora hyacinthus
a: 30g , bt 30g
A. formosa A. hyacinthus 1

Acropora hyacinthus

2 80% 1

Acropora formosa 1
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90 10cm  5cm
5cm 10
Acropora formosa
20cm 100% 8 5cm 100%
6-12 6-13
11 3 5cm 3 15
8 5cm 3
11 1 28
Acropora hyacinthus 2 90
100 7 2
6-14 2001 7 29 8 8 8 3
3007 10 ( 2002)
8 28 7

Acropora formosa 1999 11
5 25 26 6 17 21

20cm 10cm 22 30
40
( 62 20cm 80 20cm
20 10cm 7 10cm
5 6 17
3 11
5 25 26 6 17
( 62 3 5 6
2000 8
2001 6 6 7 21 20cm
22 22 20cm 47 ( 62
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Acropora hyacinthus

6-2. A. formosa 5
6
(%)
(cm) 5 6
11 20 40 40 80
10 4 0 4
5 0 0 0
11 20 16 4 20
10 0 0 0
5 0 0 0
3 20 47 53 100
10 20 0 20
5 20 0 20
8 20 0 47 47
10 0 0 0
5 0 0 0
2001 7
2002 5 29
22 23
30g 18 7 30g 2
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6-14. Acropora hyacinthus

2 100% X 8
o 30 7 30
(o)
a.
Acropora formosa A.hyacinthus
A. formosa

A. hyacinthus
2 A. hyacinthus 100
(Yap et al. 1992, Clark and Edwards 1995)
Clark and Edwards (1995)
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300

Acropora pulchra
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