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Coral transplantation: an approach
to the reestablishment
of damaged reefs'
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The natural recovery of dynamite-blasted corel reefs i3 ex-
tremely slow, Expeciments with transplantatlon of coral clones
wete equally successful in dynamited and non-dynemited arces
in central Visayas, Philippines; the average survival rate of {rans-
plants was 70%. The growth refes of transplants and equal-slzed
portions of the original coral heads were gimilar, The survivel
rates of transplants were appacently not corrclated with gubstrata
composition, petcentage live coral cover, gpecies diverslty, and ape-
cles dorplnance in the transplentation sites. The results suggest
that transplantation can augment vatural colonization of damaged
yeels in the same manner that reforestation helps restore terres-
trlal habitats,
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Coelenterates possess an extremely high cepsbility to re-
generate complete functional units — polyps or medusee, Cor-
als, scleractinians as well a3 non-scleractinians, exbibit the
same trait, It i3 unknown whether coral fragments require
a minimum size to regenerate, but recent studies of Hidata
et al, (1) with Galexeo fosciculeris indicate that in at least
some scleractinians, a single polyp is able to form a number
of new polyps, hopefully in the direction of forming new co-
lonies. Natural fragmentation of entire colonies and subse-
quent survival and attachment of the fragments may contrl-
hute considerably to the recruitment of some corals on the
reef crest (2). The recovery of coral reef areas destroyed by
storms or poor fishing practices is very slow (3-4). Alcala
& Gomez (3) estimate that it would take proximately 38 years
to aifain 50% area cover of live coral in dynamite-blasted
reefs in central Visayas, Philippines. It would fake much
longer to completely regain the origine] status and fish pro-
ductivity of such reefs, A new approach to this problem is
o initiate and sccelerate recovery by transplantation of coral
fragments analogous to reforestation in terrestrial habitats.

This paper deals with a series of successful transplant-
ation experiments with six coral species in central Visayss,
Philippines,

Muterlals and methods

Study sites. One site with three stations wag in a reef
off Bantayan, Dumaguete City, Negros. It was dynamite-
blasted in 1968 and has a live coral cover of 10-15%. Ano-
ther five sttes with 10 stations were scattered around Sumilon
Island off the southeastern tip of Cebu Island, Some por-
tions of the Sumilon reef were destroyed in 1969 and have
a current coral cover of less than 10%. The weslemn side
hes remained unharmed and is now a marine park with an
gverage coral cover of approximately 35% (40% along the
reef edge). The 13 transplantation stations were selected to
allow for comparison among a variety of environments (Table
1) The central portion of the Sumilon Marine Park served
as the “control” rea.

Corals, The chaice of corals for transplantation was li-
mited to those abundant in portions of the Marine Park, The
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Table 1, Descriptions of lranshantation stions with corresponding survival.rates in

Substrate
Stations* Dyae Deplh  Qument e
mied  fm) speed oover”?
Number Remarks
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(Table 1, continued on p. 162-163)
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(Table 1, continued from . 160-161)

Substrate
Sutions” D Depth  Current ot
mied  fml speed e
Number Remarks
R T :I ++
& large coral oL poeling '
heads $
Recl lagoon, -
5d e sandbar and oo LS weak 44+
seagrass communily 4+t
' Smgrast commucity, —
Bi with sealtered s 33 nkleeale h+
coral horsts G4+
Seagpass communily, ot
B with seatiered s 4l moderale 444
coral heads Y
Flat mound of dyne ot

B milted frsgments, with  yes 34 ixlerale T+t

scatlered coral heads. §+4

+Conteq] area = Sumilon W side, center of Marine Park reef
3 = W side, §-W comer of Marine Pack; b = W side, S-W
Park; #b = W side, near center of Marine Park; 58 = W side,
Park: 5, W side, N-W corner of Marine Park; 50 = W side,
boratory; B2 = Baniayen reef, gpposite  Marlne  Laboratory;
we = ooralling; ¢ = rubble, rock; § = sand; — = 0% 4

following species were selected: the scleractinians Acropord
brueggemanni, A, prominens, and Montipora prolifera; the
hydtozoa Millepora dichotoma and M. platyphylle; and the
octoral Heliopiora coerfilea (of commercial value for costumme
jewelry).

Transplentation. The field work was carried out with
SCUBA equipment. All transplants originated from the same
area within the sancruary of Sumilon, the “control” ares;
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- Surrourding coral community
Live Species Survival
elop- -
wnl m}m diversity Dominan :m;md rate (%)
O ino. species species e after 12
%) 1100 m o
A. brueggemanni
— A, prominens
0 climax Ly g::;‘;‘;?:;:;‘ M platyphlle 300
' M. dichoroma
M, pralifera
H. coerfea
I diselimax 1 P. teandring M ot 940
M. prolifera
H. eoerilog
{ un B - M. dichotorma 43
1§ s 7 Acropora $p. H, coeruen §33
19 s 0 A broeggemann B, coerulen L)

platform; | = NE comer of lalnd; 2 - eenter of E slée;
center of Marine Park; 4a = W side, near center of Marine
N-E comet. of Marine Park; 5b = W side, N-W cotner of Matine
N end of Marne Park; Bl = Bantayan reef, N of Marine Le-
B3 = Bantayan, S of Marine Laboratory.

lss than 10%:; - - = 10-30%; +++ = proater than 30%.

fragments for each species were taken from a single coral-
la and thus were clones, These were broken off with
wowhar, collected in a plastic bucket, and placed in a large
plastic pail on a boat. To minimize stress, the transplants
were never exposed to air and the pail was covered while
in trangit fo the transplantation sites seven nutical miles
from Sumilon. Six trips, one for each staton, were made for
2 total of 20-80 fragments (2-3 per species). At the trans-
plantation sites, holes (1015 em wide, 5-10 em deep) were
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dug into the bottom qubstratum, Comparable to. setting plants
into flower pots, the fragments were placed m‘to the hloles
and secured there with commercial cement prexfmusly mixed
with freshwater and cartied 10 the site in plastic bags. Once
exposed 10 seawater, the cement hardened in less than 24 hf*.
With the aforementioned method, e team of three divers easi-

ly transplanted 60 fragments a day.

Features of the stations. The study stations were d?s-
cribed by analysing the immediate coral communities, with
pmphasis on species diversity, percentage live coral, cover, and
composition of the substrate. The continuous quadrat samp-
ling method (8) was used. The assessments were donel by
one person. The corel communities bordesing the stations
were seldom as homogeneous s theoretically desired (%), thus
the sample plots vatied from & minimum of 1045 m* to a max-
imum of 60-100 m® to cover the periphery of the stations.

Species diversity was expressed as the mumber of specles
per 100 mt. The dominant species were determined visually,
without a Qetailed analysis of area cover for each species;
hence, caly conspicuous cases of dominance were noted,

To assess live coral cover, & 1-m metal quadrat with 16
equal subsqueres was used. The number of subsquares with
live coral was recorded and later summarized to estimate
percentage live coral cover (excluding the transplanted spe-

cimens),

For fhe substrate, percentage avea cover was determined
for three components; coralline rock, rubble, and sand. Cur-
rent speed was determined to be either weak, moderate, or
strong by means of a drogue,

The apparent overall stability of the ecosystem was cha-
vacterized in terms of the developmental stages of the coral
community. Undisturbed reef portions where large and well-
developed corals prevailed were regarded to be at a climax
stage. Where young and small corals predominated, for ins-
tance in reef areas recovering from a previous damage, the
community was categorized as a sere. Dischimax referred o
communities disrupted by permanent disturbances such as the

repeated sliding of fragments down the upper reef slope due !

to natural fragmentation of corals on the reef crest.

!

]
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Surival rates. The number of survivors was counted and
expressed In percentage vis-a-vis the total number of trans-
plants. Rates for all transplanted species in a station were
called station-specific survival rates, while those of a species
for all stations were termed species-specific survival rates (for
Sumilon, see Table 2).

Growth rates. Mean annual growth was expressed as
the increase in area cover and spaee (including the space be-
tweent branches) occupied by the tranplants. This was esti-
mated by approximating the iregular contours of the frag-
ments 1o circles and hemispheres. For each transplant, three
megsurements were made using vulers and calipers: height
(vettical dimension); length (horizontal dimension); and width
(horizontal dimension perpendicular to length). Ouly intact
and. apparently healthy transplants were considered,

‘For comparison, growth rates were determined similarly
for 'equal-sized portions of the original coral heads in the

“oontrol” areg.

'Res';llts and discussion

-Survival. The causes of death of transplants were not
awhys determinable. Transplants were broken off during
storyos, demaged by anchors or fishivaps, or buried and suf-
focgted in sand. One transplant was killed by Acanthastér
planci. Several dead ones were found covered with algae. A
few specimens were affected by an undetermined parasitic
sponge which appeaved as a thin layer of grey tissue extend-
ing-over several square meters in different. portions of the

1eef and gradually spreading over neighboring corals, Some

stleractinians, particularly species of Acropora, Montipora, Po-.
rites and- Seriatopore, were especially susceptible to attack,
while spevies of Heliopora and Millepora remained unharmed.

Dynamite fishing has a stmng'impact on coral popula-
fion density, live coral cover, and substrate composition, Wa-
fer-curtents also seem to play a role in the distribution of

coral fragments resulting from dynamiting as well a5 in the

formation of the new stbstrate. From the data (Table 1)
however, there appeat to be no comelation between survival
wtes of transplants and substrate composition, Stations 3b
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Survival rates of coral transplants one year after transplantatiorx 1n Sumilon Island, Central SARY

Table 2.
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and 5d, the two stations with the highest survival rates, had
essentially different types of substrate. Variable survival
rates were cbtained also for Stations 1, 3b and 5c, all with
a substrate of mainly corraline rock, and for Stations 2 4a,
5a and BI, all with a substrate of primarily rubble and sand.

The live coral cover for all stations ranged from 1 to
61%, the average being 12% for the dynamited and 28.5%
for the non-dynamited stations. Nevertheless, the average
survival vates for the two types of stations were similar, 68.8%
for the former and 70.5% for the latter.

The two stations with the highest live coral cover, 3b
and S¢, had survival rates of 100% and 20%, respectively,
whereas the two stations with the highest survival rates, 3b
and 5d, had 39% and 1.0% live coral cover, respectively, Thus,
there seemed to be no correlation also helween live coral co-
ver of the stations and survival rates of transplanis,

Species diversity of the stations also did not appear to
be correlated with survival rates of transplants based on
comparisons of stations with the highest {Stations B2, da, b)
and lowest (Stations 1, 5d) species diversity.

Distinet cases of dominance occurred in Stations Sc {with
Porites nigrescens and P, attenuata), 1 (with Dendrophyllid
micranthus and Heliopora coerulen), and 2 (with Millepore
dichotoma and H. coerulea). Less distinct cases occurred in
Stations 3, 4a, 5a, and 5b, all on the reef slope, due to the
same corals {Seriatopora caliendrum, Fungiz sp., or both) fill
ing out the space between mobile coral fragments. Compa-
rison of the survival rates of these stations indicated that

-dominance and survival of transplants were not correlated.

The mortality of transplanted species not cccurring natu-
rally at the stations appeared higher: A. brueggemanni nef-
ther accurred nor survived in Stations 1, 4b and 3c, as did
M. dichotoma in Stations 4b and Sc. On the other hand,
some of the introduced species either survived (eg, H. coe-
rulea with 100% survival) or died despite their natural pre-
sence, In Stations 1 and Sc where species dominance was
most conspicuous, mortality of transplants was greatest. Out
of & total of 25 transplants of A, brueggemanni, A, promi-
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nens and M. platyphylla, only one survived; none of these
species occurred naturally in aither station,

Growth, Transplants of the six selected species exhibil-
ol a variety of growth forms and growth rates (Table 3).
Heliopera coeruleq, & compact and often vertically oriented
species, increased the Jeast in area and space, followed by
the similarly shaped A. prominens, Montipora prolifera had
the highest rates for both although the increase in space here
wes possinly overestimated since the species extended maostly
horizontally. Acropora brueggemanni had the second highest
nates; it grew equally horizontally and vertically, The plate-
fike M. platyphylle and the beanchy M. dichotoma incressed
ot 4 rate a litfle lower than for A brueggemanni. It is evi-
dent that the transplants not only were able to withstand the
tough treatment given them but also continued fo grow af

g normal rate.

Using the mean annual increase in area cover, the suita-
bility of different species for reef-regstablishment can be
compared, assuming fhat the radius of the transplant has
constant growth rate with respect to time or size (10). With
the equation

. C x 10 _ .EE
AC AC
- X5XN —
M At

we can estimate the mumber of years () required to attain

a desired live coral cover (C,) in a given avea, considering

the number {n), size (initial area cover C,), growth rate (memn
AC

annual increase in area cover (—, and survival rate (g) of
At

the transplanted species. The question wes derived from the
oomputation of the total live cover of a station (=C,) as the
sum of the area initially covered by the transplants, taking
into consideration their survival rate (=C, x n x 8) plus the
area cover gained after a given period of growth of the
frangplant, and again considering their survival vates

/
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C
(= —xnxsxtl The equation is for areas with an initial
t

live coral cover of zero, Not accounted for in the computa-
tion are the later deaths which lower the survival rates but
in a recovering area are probably compensated for by the
settlement of planulae.

Using the results given in Table 3, it was estimated thal
in order to attain a live coral cover of 50% with, say, five
equal-sized transplants per m?, the required number of years
would he 54 for H. coerulea, 8 for M. prolifera, 23 for A.
brueggemanni, 82 for A, prominens, 29 for M. platyphylle,
and 19 for M. dichotoma. The period of time may be reduced
by choosing suitable species and increasing the mumiber, size,
or hoth, of the transplants, Heliopora coeruleq, for instance,
with 100% survival rate, would be ideal for farming but would
grow too slowly for effective reef-reestablishment, Acropore
hrueggemanni and M. dichotoma would better setve the pur-
pose despite their lower survival rates. With seven trans-
plants per m# instead of 5 these would give 30% cover in
approximately 16 and 14 years, respectively, about half the
estimated time (38 years) for notural recovery in the area (3).

In conclusion, it should be emphasized that assessment of
the environment in this study involved a minimum of quan-
tification and that the number of transplants used was imited,
mainly for financial reasons. Accordingly, much of the data
could not be treated statistically and conclusions should be
drawn with caution. Broadly, the results suggest that the
feasibility of reef-reestablishment by transplantation may de-
pend largely upon the choice of the transplant species. Step-
wise, both the present and immediate past community struc-
tures of a destroyed reef should be analyzed first (ie, iden-
tify live and demolished corals) in' order to recognize the
local conditions detepmining species occurrence, abundance,
and dominance, The species for transplantation should then be
selected hased on their being good reef builders (growth and
survival rates o be analyzed in preliminary transplantations
to test their suitability), loca} oceurrence, and wide range of
tolerance.
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Perhaps the most significant finding is that transplant-
ation can be equally - successful in dynamited and non-dyna-
mited aress, apparently regardless af substrate compasition,
coril cover, and species diversity in these areas, This sug-
gests that destroyed reefs can be recolonized by trangplenta-
sion, analogous 1o reforestation in terrestrial sites.

1 am pifeful to the Ministey of Natural Resoucces of the
Philippines for financing this study as part of the University
- of the Philippines Marine Sciences Center Project “Tnvestigation

of the Corel Besources of the Phillppines”; Dr ED. Gomes for

strong suppoet; Dr AC. Alcala for numerous valuable puggestions
and ofher help; the Marine Laboratory, Silliman University for
uge of its research facilities; Lawton Alcala and Veronico Duran
for asslstance in the fieldwork; and Mrs Paclte Raterta for
fypig the manuscript and drafts. The menuscript was reviewad
by Drs AC, Alcala, ED. Gomez, D, Law, and S, Lawrle. Speclal
inanks go to Edwin Corton for moral support and help In the
field,

Literature cited

(1) M. Hidsks, A. Uschi, and K. Yamazato (1681). Proc. 4ih Intern.
Coral Reel Symp, % 220,

{2) ‘AM. Bothwell (1881). Proc, 4th Intern, Coral Reef Symp. .2 130,

(3) AC. Alesla and- ED. Gomez (1879} Proc. Intern. Symp, Mat,
.Biogeography Evol. 5. Hem. 2: 643, _

(4 RPM, Bak snd SR, Criens (i881). Proc, 4th Intern. Coral Reef
“Symp, % ¥

(5 R Endean (97). Population explosians of Acanthaster planct
and associated Gestruction of hermatypic corals In the Indo-
West Peeifle region, In Biology and Geology of Coral Beels,
vol, 2, O.A. Jones and R. Endean, Eds. {Academic Press, NY),
p 3

(8) RW. Grigg and JE. Maragos (1974). Bcology 56 387,

(0 RH Rendall (1073). Publ. Seto Mar, Blol Lab. 20: 468,

{8) £A Shinn (i97). Environ. Geol. 1 241

(9) G Scheer (1078). Application of phyloscelologle methods, In
Coval Reefs: Research Methods, UNESCO Monographs on
QOceanographic Methedology 5.

(10} BW. Buddemeler, JE. Maragos, and DW. Kmutson (167) J.

* Exp. Mar, Biol Eeol 14 178, . ¢

Kalikasan, Philipp. 1. Biol. 11(1) (1982}
Printed in the Philippines

Short articles

Kallkassn, Philipp. J. Biology 111): 173-175 (1962)
Recaived for publication: 22 Mavch 1962

Wellsophyliia radiata Pichon, a new record for the Philippines.
PORFIRIO M. ALINO, Marine Sciences Center, University of
the Philippines, Diliman, Quezon City 3004,

Wellsophyllia radiate was proposed by Pichon (1) from
the Indonesian region. The genus, which is thus far mono-
specific, 19 closely related to Trachyphyllie Edwards & Haime,
1848, It is distinguished from the Jatter genus primarily on
the basi of the fused walls of adjacent valleys, Veron et al.
{2) report Trachyphyllia to occur in a silty-sand biotope, All
the specimens of Wellsophyllia examined by me were found
also In turbid, silty-sand environments, attached to coral rab-
ble or shell fragments half buried in the sand,

Wellsophyllis radiata Pichon 1980 Fig. 14

Callogyra formosa Bedot, 1807, non Callogyra formosa Versik, 1302
= Colpophyilie natans (Muller, 1775),

Corallum colonial, Habello-meandroid due to intramural
budding, Corallites in series, united laterally to walls of ad-
jacent valleys, Valleys deep, reaching to about 20 mm. Co-
lumella elongate parietal trabeculae,
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