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Coral Transplantation on the Artificial Knoll

Kimiaki KUDO** Masanori TSURUOKA*?

JAMSTEC started the Coral Reef ijéct to accelerate the restoration of coral
reef communities in cooperation with Okinawa prefectural government since 1987.
The primary objective of this project was to éstimate the feasibility of transplanting
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* 2 Marine Development Research Department



corals. The artificial knoll for coral transplantation was designed and installed
on the sea bed in the moat off the Chinen coast, which is in the southern part of
Okinawa Island. The structural form of the artificial knoll is a pyramid with 3 tiers
of grates of mortared wires, the sizes of which are 6.2m square base and 3m high.
Totally, 604 pieces from 7 coral species from the outer reef were transplanted on to
the tiers in August 1989. Afterthetransplantation, both the mortality and the growth
rates were monitored by taking pictures and counting the number of living coral

fragments.

In February 1991, 60% of the transplanted corals survlved for 1. 5 years.
O 80% of transplanted coral pieces on the upper stage survived and grew

well.

mortal in deeper water.

@ ©Oe

The survival rate depends on the depth of the tier.
The mortality is greatest at the lower tier.
The fine corals (Pocillopora verrucosa, Stylophora pistillata) were

The robust corals (Acropora gemmifera, Acropora nobilis, Porites

cylindrica) were healthy on all tiers of the artificial knoll.
This project proved the artificial knoll and coral transplantation as feasible

means of recovering damaged coral reefs.

Key words : Coral, Transplantation, Artificial knoll

1 BU®HIC

¥y THEENRERE LCEETH3EMH0 T
B, HEERLPIBIREE L TEBEEEERERE, 55
AR L TE, VY TRERICHEKESH
TWAIBHEOE = ICL D EBAEEINEL, T
DI DB v THEEYEOEB L 3 -TE
n, TBWEBIEEIICX Y CO. ZKRBAH IV
7 A& LTEELRDS, BRHNEREZ»T T
v OHEERREELTE VY,

Ub Ly v Tk, i, BESOREREORE%:
DIt CIREICEIEX W20, i, F=t K
FOEEREICLZEEPHEKE LRI 381k
BRI Eicky, LHEHBEOY v ITH—BITET
5155, <L ORWPFEIREZRLTWS, By
v THEAYIREORIEX(EET 2 1-nicid, B
BIEORSIBDEIEBUNETH S &3 MHE
Th 30, BROBEILIICMA, ANABKICEE%:
TR A LB MBEER->TVWBY 3 v TR
BoExiEtEd 370, BENERENtE Y5 —
EFBIR I ILET, ¥ v IBHEEN OV

H

20

KL TE 7y TOWMIETRY v TOMMATERE
T iED U BB 2T 5EEbic, v
TOEEBICEE T 5 HARRERUORAEMEE b
EDHTHBEY,
¥ v IRHEOREREEEZ, MEASEEOIS
iR (v v THEERE F oviEE) &L
(K1), WM& 1km, 7K&E 5.3m OHEIC AL
DY v IHEE (AT v) 25E L THEE
ﬁ%ﬁmﬁt(ﬁ2)oAI/w@ﬁﬁ&0$m
, WHHEEIEEZAE « HEE - BEICTE S
&,74~wb%@1m56m135@0%ﬁ%
BEDONSYFEINELSTHIE, 61, HAD
IRETIFFARARNCHIE LW b+ v THE%:
HESEZEEHEIL, ¥3 3y FEOAL
AR 2 RATREL 12, |
AL/ VOFRBNEBERY Y ITOEBREELLT
VT LSBIFERVARVY, COBREREL
FeERIE, COomEOME 4kmic ZEEIRD ¥
v IHERFMEL, £V v TOEESHERICEL,
LB EFETHZ I Y 4 VENBEICEFL,

JAMSTECR 27 (1992)



EBicA =t b HBESEEE WS & AT
RIBICEEFNTWABIEDD TRL, 4 v TOERH
VML EDIEE, REORBRERTKNELT /7
2 2FEDBH > TWVWAELLTH 5B,

+ v THEHE% TR

ES HICET S #, 20

FITEHHYCBNEY Y TOERERA T —TF 3

127° 507 E

& & bic, RESHEZEGERICETRIL, v I8
EEHMOERILO-bOERF— s 2EBFREL 12,

ARTR, AL/ vy v ITBEEROKE &
RO #E D HABRIESF OFBERERIT > L THEMN
T 5,

557

fﬁ.\‘ ; chY Il

i A P 1
33:".1"1'?':"} rRE - :;’: uf 744

LIS L o O = T
et W L T Sl 7l g S
; .‘w!hlﬁ_gf: RIEICLEFIR L

W = -

. R i

A0 &Y £1 G

il @ie (i

ik (lle)

0 1 km 2 km ERm'

Xl 1
Fig.

127° 507 E

¥ v THEGERE 7 VR

55"

1 The model site for investigation of coral transplantation

WMIEMFEHENE Y 7 —
HEERBRAEH

JAMSTECR 27 (1992)

X 2 AL VEBHIRF—va v
Fig. 2 Artificial knoll and Observation station

21



2 AL/ Iy v IiiERE
21 AL/ IbADY T34

H v IR BET AATORERIZ, KELEE
UchsrE, YIAWRADBBELRTL, F-
SV IR UAPRPTVWEWEBAEAET AL, X
HICH Y IDOEBIRNEREZ L DEZ HIETE
BIIRTH B T EBEARRHICI B, Vv TS
ERET AEEICADET, 2FERIZERHRIOE
BRTE E, XFEXFICKFTTEZ 50, AR TR
BERBEICXEEYS Yy FEIEL, 2R E
E»SENMNT A/NEE (knoll) iU TWVWSD
T, ThiEAL/ WEEF T,

AL/ Vi 6 m, &% 3m7T, BELY
Ilm, 2m, 3mOKIBICH v THBHEERAE HIT
7o v IBEELRTL, FLEFZFOERIC
tLTHERELIEWE D ¥ v ITHEER B TS
EE L, BHiceE VI VERBLEHR LI DORME
H Lz,

AL VOBHEEEL ImX ImOKEZOD
36 XEjicp#ElL, BB (U), HhE (M), F
B (L) oRXRXEIcBEEZFM L (B3) , &K
B 3RAE LT 25 (517X 5% ol %
BHEL ., BABHEXEIZ, 5BEHEOY v IWH
2&5BHEL, F—XHEICB 3REREPES
EEHEBET A EEENE L, B—BHEXHEIX
BE-#EEmhic LT, B—Eoy v IWHick
BZEREAHET S EE2ENE L, 2Ot
12, BOBHEEHEIO: DICEBHEX AL, £
e eRERICEE L DBEOREFARBL DD
BWEXHE, XoickBloy I E2ERECKE

L, ¥ Y TRHEOABTEPROBRRIEEHE

51005 EX (L2, L3) 2%l
BHEICHW Y v TRTNTHED, KFHER
me AHEE (HETIIe v EMRTETNS) SR
Lize 3 FUA V¥ v ITRFRIIC, 2ETTHEE
BRI LE (1) , ABloy v o4 8247
AREXDOHRICHEIL 21&, BHEEBCXF VL
294 ¥ E2HOWTHETEL 7.
CRRTTAE 8 B 31 HE T, BAEMEKER
0$ EREXEIC, B TR ZBEL
, BLUERHETRELL DN I8, #iE
Wiﬂi%é&mofwtgéﬁ$®ﬁﬁﬁ%
ELREREBOBHEY v ITREIL, BB 49,

i-’l

22

B ; 234, FBY: 321, #3 604/ TH 5,
2.2 BHEY Y IOERER

MY v TOEEREBETHcEEL, #
BREEEAAFERE L TEE L, BSRBOEFEXR
ﬁk%x4m.it@ﬁ#/n@@&ﬁ$£m%
X5 (1)~ T IZmRd,

BHEL T O TR LIEBRT, AR
RIZOKTHLP, BHEHY VYIOEPAL/ L
ORIz X VEBRENRON S, LT, By

Vv IOEFROWR IR 5,

Pk 352 AEFCTRETSEAEL /2, % 8l
BTR2AEDEFRII60 % THSH, LB : 82%,
HER - 66%, TR :B3%EWX->TEBY, FED
BHREPSRKZEWDIL2EE LT HEVWEERC
HMoTlEotz, AL EER2EDT AN S
8 Hichh Iy THEERNBEBICETL, £0% 65
EHFEVWTETFTLTWAI EBgh B, INHRTE
E LT TERREOBHEY » TORECERMLRERE L
TWh,

%ﬁtf#ﬁﬁifﬁ&ﬁ%uvﬁmﬁ/:ﬁ
M, FELTMREITRLEL TV, 55 AR
(5Jul 91) THEBEOAYZEI RY A V&Y
ZAH I RYAYBRLCLTVWEDIRA =k FFC
BECLBZEZELTVS, H6E (20 Jul 91
ROETE] (9 Nov 91) DFEBIIH T T, ¥ v
TOFTEBBEFICIHAL TS T LRI 72,

AL/ Vic B ZKBOERNIC X 5 &, ROt
FEDBG, 8 HPHICmE/KEA 30 ClTE - 7
s, SHERBBLHRh29CEB T -2, T
WXL, K 2FEDOBEAICE, THAOBDICHRE
KA 30°CELID, T ATEOREKEIZ 29 °C
BETH 120, THICIRES/KED 31 Cx#
%, PHTH 0 CREEoHAMERE X, HlEIL
EREME T, HxD ADGEIC K 5 &, Bl
I CZBAIAHIELERDENNRL, TDEHINRE
BIZ20FERDEDIETHY, AUy v T
B THEBEPHITE>TVERDELELTY
o TDT LR, BREORDY v icdkdkd 28
HENIKTBEIRED, F v TRROEEDPHY
BRI BIEEEKRLTEY, 5D LEERY
iTEy vy IBLBLTLEIYENbH -7, C
NIEBHADOY VI THREREICR ~TW5E “Bfl
HE” Wb BbDTH5, T HA~8 FDOEE

JAMSTECR 27 (1992,



—

11

L12
O A
C AOROD |
Lk AFO 1

L

- e W e

L 13
AD * Tk
OP>%=0A !

AP>O
OO !

*AAﬁ

- R e e

L 14
AAAAN
AAAAA ¢

AANAAND
A&&AA'

AAAAN

-_ e e . -

- - -y

15 ¢ L 16
O: DD x**
000 bbb * *
ummmibbpbp
00 ;>
DDD ' D>

L

- o Em W W W W we S owe

------------

e . B B

------------

M 8

O0AO
OAQA
X *
s> A
O3>

>
A
O
+ O
A

M 9 :
O>sxAA
w>000>
Oo0A
AZODO

* A ﬁo

------------

- o e S e e R e e e e

U 3

- o T e A W e ey W W W

—*-ﬂ----------L'---h------ﬁﬂﬂ--ﬂ-----hﬁ-----

- W W R W e e e e

e W W W W B W ST e W

M 4 |
vvvvv.

VVVVV .,

| VVVVV

M 8
>0

VVVVV . &ﬁbﬁ& ﬁOOQ

A

30

\VAVAVAVAVES &AODO y Ok D)
:xOﬁO*.

ADAD*

AOQC

>

LR | OARD A

| RORRAH |
| AR

M 10 L 17

>AO#* O
>D0OxcA

LTS |
LYK

-#--—-—-'----h

------------

- e W W e wle e e W ] AR P W R A R S R S W

-------------

(38 /L 6O )

- o Ay R W Em Rs e e e

- e o e e e we owh W e

LL 6
COOOO |

** QOO0
*xooo

l I.J 5 E
2O O *

* AATQID
DAD& :

' OAY%OA
OOOOO_OﬁAﬁD.bﬁ&**
OOOOO:ﬁOOAD:DﬁD&D
y OAO»O

L 4

- e W R e O A e -

>

“O

LL 3

(FEX)

- W W O O W O O W s ae W B O R P R T T M R sk W e e wE e
'

(FEKX)

Osc* AD |

------------

i s o e S W W W R A e W s A A W

X 3

By v ToEENR GiTidk 12K (BHEER

eaotE 8 A31H)

Fig. 3 Daistribution of the transplanted coral pieces on the Artificial knoll
(31 Aug.1989). For symbols, refer to the Table 1 (* :not transplanted).

JAMSTECR 27 (199

2)

23



DFRGETHIEO O~ IHFELCL, FHEHLT
ZDBRBRAIIATV - EEDLNS,

BB, COHMcBY 34 Yy TORTIKRIEER
3 &, B—BEXEOY v ITHERICETT 3
NG —=VUPBHh LD, 12L, Y IEBHET S
SRt BE—XHE TR EAEEITRETHSD,
E DI T W, BIZZOBDY v I HERIE
REITADLEL TR LEDD, RB—EHEL LD
WH DDLU THRLT Licohii s, AL
RPBEL Db, |

BHEY vy TOEGREEBEOEKRZA B &
(X5), A¥vY=2EI FYA4Yy, PFRFIRY

1Y, THEIH Yy ITREEIRLBZELI/NEL,
W T IUNTIRYL Y, A BNINFYH A
v, YauhgraRETIE BEBKELL
BRI HO>NTHEERRIE N A2 HMOIHEHE N & 2R
LTW3, IN6DITA TREENPKELNE-T
ABPEDS/NE L BB I >N TR E+2ICITIS
HTEMNTERLLNLY, wKBO LA LT
MIIWINEL B 1T EBBEZONB, BENRD
X, FICEHYBBKRIETHHICHLLDOT,
oDy Yy T3 EERETREBRICAEBTLTVWS
MmMoTH 5,

= 1 AL/ WicBiEL-y vy ToBEBERE (ERGTES A318)

Table 1 Coral species and the number of pieces transplanted
on the Artificial knoll (31 Aug.1989)

VAR & - s | EBR | PR | PR | & &
Coral species Symbol | Upper | Middle | Lower | Total
A¥YaEIFYA ¥ O
Acropora gemmifera 10 40 64 114
PP RAFIFRY AN
Acropora nobilis 10 40 64 114
JUNTIRYA Y V
Acropora hyacinthus 0 25 0 25
A RN FPHFA YT YA
Pocillopora verrucosa 10 55 65 130
xS N2y T >
FPorites cylindrica 10 40 60 110
Yaulypra
Stylophora pistillata 9 34 47 90
i i e | &
Galaxea fasciculais 0 0 21 21
& &
Total 49 234 321 604
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Table 2 Weight increase of transplanted coral (Acropora nobilis)
B %R s 11l I UOMELR | MIRER | RONES | APHER | AEY
. , {g] (2] [g] MR (e/A] | ¥k
77 Y MR | 11/10/90~ 3/ 8/31 | 30.820 | 35.673 | 4.853 1. 223 0. 1864
11/10/90~ 3/ 8/91 | 53.980 | 67.178 | 13.198 3,355
11/10/90~ 3/ 8/91 | 16.321 | 95.688 | 19.367 1. 924
11/10/90~ 3/ 8/91 | 87.308 | 93.198 5. 890 1. 497
P—%4 MK |11/10/90~ 3/ 8/91 | 60.886 | 65.879 4. 994 1. 270 0.0820
HmE A » FIR [ 11/10/90~ 3/ 8/81 | 110.367 | 128.818 | 18,450 {. 691 0.1710
11/10/90~ 3/ 9/91 | 62.254 | 71.472 9.218 2. 324
74 LR 11/13/90~ 3/ 9/91 | 174.970 | 191.999 | 17.029 {. 481 0.1433
s A ViR | 11/13/%0~ 3/ 8/91 | 43.062 | 46.564 3,503 0.914 0.1042
11/13/90~ 3/ 8/91 | 80.325 86.626 6.301 1. 644
11/13/90~ 2/15/91 | 36.253 | 41.182 4.929 1. 573
AL/ 1/11/91~ 3/ 8/91 | 184.503 {192.450 7.947 §. 257 0.1493
Q=RED) 1/11/81~ 2/15/91 | 200.632 | 207.715 7.084 6.072 |
1/11/91~ 3/ 9/%1 | 85.854 | 80.721 5,066 2. 667
KIRRE 1/14/91~ 2/15/%1 | 122.566 | 128.620 6. 054 5.189 0.2048
(&) 1/11/91~ 3/ 9/91 | T4.675 81.388 6.1713 3, 533 -
2T 0.1622
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Fig. 12 Mean rate of weight increase per month of transplanted coral (Acropora nobilis)
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