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Abstract To investigate facilitative and competitive
effects of conspecific neighbors on coral growth, frag-
ments of Porites attenuata were reciprocally transplant-
ed between two reefs. Transplants were interspersed with
dead coral fragments or live conspecifics and monitored
for growth. Over 13 months, transplant performance
differed between sites. Those from degraded Bais Bay
grew significantly slower in all treatments compared
with those from more pristine Apo Island, and Bais
fragments branched less (Bais: 1.5+0.16/transplant;
Apo: 8.1 £0.66/transplant). Treatment effects were ob-
served in Apo; fragments with live conspecifics branched
less but grew taller, adding significantly more surface
area than those with dead neighbors. Clonal fragments
differed significantly in their responses, indicating envi-
ronmentally induced effects. These interactions affected
growth and morphology prior to physical contact be-
tween fragments. This illustrates a benefit of manipu-
lating the biotic environment of early transplants: dense
stocking in ocean nurseries could stimulate early growth,
and subsequent spacing would allow lateral branching
and reduce competition.

Keywords Scleractinia - Intraspecific interaction -
Morphology - Growth - Transplantation - Philippines

Introduction

Active intervention is applied with increasing frequency
to accelerate the recovery of destroyed or stressed coral
reefs. In areas unlikely to recover by natural recruit-
ment, but where coral re-establishment is deemed
necessary, coral transplantation may be the only option.
Corals may fail to recruit to unstable substrates due to
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past blast-fishing (Alcala and Gomez 1985; Alifio et al.
1985), or recruitment limitation (Pearson 1981; Samm-
arco and Andrews 1989; Sammarco 1991; Clark and
Edwards 1995), or they may be outcompeted (Pearson
1981; Hughes 1994; Maida et al. 1995; Atrigenio and
Alifio 1996), or being killed by benthic grazers (Samm-
arco 1980; Done and Potts 1992). Furthermore, limited
data suggest that recruitment and/or recruit survival
may be enhanced by the presence of established living
coral colonies, suggesting that coral transplants could
accelerate natural recovery (Birkeland 1977; Gittings
et al. 1988; Clark and Edwards 1995). Transplantation
has been used for decades as a tool to investigate coral
responses to physical factors (see Birkeland et al. 1979;
de Weerdt 1981; Pastorok and Bilyard 1985; Plucer-
Rosario and Randall 1987; Gittings et al. 1988; Grigg
and Dollar 1990; Hunte and Wittenberg 1992; Yap et al.
1992; West et al. 1993; Grigg 1995; Clark 1997; Custodio
and Yap 1997). This knowledge has improved the suc-
cess of coral reintroduction efforts.

Among the factors to be considered in transplanta-
tion efforts are potential interactions between coral
transplants, and between transplants and organisms al-
ready present at the site to be restored. Coral interac-
tions may be aggressive and inhibitory, and include
overgrowth (Bak and Criens 1982; Rinkevich and Loya
1983; Buss 1990; Frank et al. 1995), weapon formation
(Richardson et al. 1979; Chornesky 1983; Hidaka and
Yamazato 1984; Hidaka 1985), growth or reproductive
suppression (Rinkevich and Loya 1985a), allelopathy
(La Barre et al. 1986), extrusion of mesenterial filaments
(Lang 1971; Wellington 1980), and shading (Stimson
1985; Fisk and Harriot 1992). Alternatively, non-fusing
interclonal contact that strengthens colonies in high-
energy environments has been described as a non-ag-
gressive, facilitative interaction (Bak and Criens 1982;
Chornesky 1991).

The Philippines contains some of the most degraded
reefs worldwide (Gomez 1997; Bryant et al. 1998) and
lies within the area of richest coral species diversity
(> 600 scleractinian species; Veron and Hodgson 1989).
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Growing interest in reef protection and recovery by
government groups and local fishing communities, and
the Philippines’ historical involvement in terrestrial
reforestation, suggest that research that develops and
improves reef rehabilitation options should be priori-
tized. Coral transplantation was first investigated by
Auberson (1982) and Alcala et al. (1982) as a potential
rehabilitation approach. Yap and Gomez (1981, 1984,
1985) reported that transplants of Acropora pulchra grew
more slowly and were more susceptible to sedimentation
and seasonal differences in water temperature than
naturally occurring colonies. Yap et al. (1992) compared
growth and mortality in transplanted fragments of three
dominant coral species to assess their suitability for
restoration. They noted that life-history strategy played
a role in the suitability of a species for transplantation;
Acropora hyacinthus grew rapidly, but survived poorly.
Pocillopora damicornis showed intermediate growth
rates and high mortality during the first year, with
eventual recovery. Pavona frondifera grew rapidly and
showed lower mortality; this species was thought the
most suitable for restoration. Fish diversity was en-
hanced, and fragments of Porites cylindrica grew sig-
nificantly faster when transplanted in multi-species plots
than in single-species plots, illustrating the benefits of
higher diversity in polyculture vs single-species mono-
culture (Dizon and Yap 2000; Yap et al. 2000).

The effects of conspecific interactions have not been
investigated in the context of coral transplantation for
reef rehabilitation. Reef rehabilitation provides a unique
opportunity to apply knowledge of coral interactions,
derived from controlled field experiments, to improving
the performance and re-establishment of transplants.
This paper reports results of a study of the effects of
conspecific neighbors on the growth of reciprocally
transplanted fragments of the scleractinian Porites
attenuata Nemenzo. In particular, the author’s objec-
tives were to: (1) test for a “‘neighbor effect” on growth
and morphology of transplants placed in close proximity
to conspecifics, and assess whether this effect was facil-
itative or competitive; and (2) evaluate the suitability of
P. attenuata as a source species for transplantation for
reef rehabilitation.

Materials and methods

The study sites were two reefs in the central Philippines: North Bais
Bay and Apo Island Marine Reserve (Fig. 1). The reefs are 6 hours
apart by boat. Although it was originally intended to select reefs in
similar states of health, the Bais Bay reef proved to be more
stressed from siltation and agricultural runoff. The experiment was
set up in June 1996, at the start of the rainy season, based on
findings by Yap and Gomez (1984) of slower growth in fragments
transplanted during hot summer months. Twenty colonies of Por-
ites attenuata, a dominant branching species, were haphazardly
selected as donor colonies at each reef. Colonies were at 9- to 12-m
depth and at least 10 m apart, to minimize the possibility that they
were clonal (Potts 1976). Four unbranched fragments from each
donor colony, at least 4 cm long, were carefully broken off near the
base using hammer and chisel. Initial length of these branches

varied insignificantly (ANOVA; P=0.5142). Fragments were se-
cured underwater into 1l-inch segments of PVC pipe using Pioneer
marine epoxy and haphazardly assigned to one of four treatments
prior to permanent attachment to underwater platforms. Treat-
ments were as follows:

e Transplantation within the source site, interspersed with dead
fragments (AAD or BBD; A denotes Apo, B Bais, and D dead
neighbor)

Transplantation within the source site, with living conspecific
fragments (AAL or BBL; L denotes live neighbor)
Transplantation to the reciprocal site, interspersed with dead
fragments (ABD or BAD; AB denotes from Apo to Bais, BA
from Bais to Apo)

Transplantation to the reciprocal site, with living conspecific
fragments (ABL or BAL).

At each site, eight cement platforms, 1 m long by 0.3 m wide,
were anchored into place 30 cm off the substrate in two rows,
between 10 and 11 m deep. Each platform held two rows of nine
fragments. Five test fragments of P. attenuata from the donor
colonies mentioned above alternated with four treatment frag-
ments (either live conspecifics or dead). Live treatment conspe-
cifics, haphazardly obtained from donor colonies on each reef,
were not measured for growth or morphology, though handling
and preparation were identical to test fragments. Distance be-
tween neighbors within each row was 4.5 cm, and between rows
on a platform, 11 cm. Fragments to be transplanted to each re-
ciprocal site were transported by boat in aquaria with fresh sea-
water and aeration and affixed as described above. In summary,
each reef housed a total of 8 platforms, with 2 platforms per
treatment; a total of 10 replicates per treatment, and 80 trans-
planted fragments. Using clonal branches spread among treat-
ments between two sites allowed detection of phenotypically
plastic growth effects. Dead fragment neighbors were treated
as controls for living, growing neighbors, to analyze the effect
of interactions between live neighbors on growth rate and
morphology.

Transplants were censused for growth, injury, mortality, and
partial mortality, signs of disease, and branching, approximately
bimonthly from June 1996 to July 1997. Transplant length and
basal width were measured using hand calipers for the first three
sampling periods. However, fragments soon began to branch and
develop basal discs, and branch buds and basal growth were not
represented as a component of overall transplant growth when only
hand measurements of total branch length and width were used.
Therefore, video images were taken concurrently with caliper
measurements. Estimates of fragment size were then obtained from
video images using the public domain NIH Image Analysis pro-
gram (developed for the Macintosh computer by the US National
Institutes of Health, available at http://rsb.info.nih.gov/nih-image)
by tracing the outline of each fragment, including basal disc,
branches, and branch buds. Each transplant was then treated as a
polygon, and the program calculated surface area of the polygon in
square millimeters. All video shots were taken each month from the
same position, to minimize image distortion. Differences in total
length using calipers vs image analysis were not significant
(ANOVA, P=0.3004; F=1.807), so hand measurements were not
used for the last three sampling periods. The final census included
video imaging for fragment size and branch position, the number of
branches per fragment, and a final assessment of mortality, partial
mortality, and injury/breakage. Negative growth resulted from
either tip breakage or partial mortality. Fragments that broke off
and disappeared between sampling periods were considered dead
and were not replaced.

Five intact colonies were selected at each reef in the vicinity of
the platforms, for reference measurements. Two branches were
marked with cable ties on each colony. Due to the difficulty in
obtaining clear video shots of individual branches within a colony,
total length and width at base were measured by hand calipers on
marked branches during each sampling period.



Weekly growth rate was considered the most accurate growth
assessment, because some fragments died prior to the end of the
study, and all fragments were of similar initial length. This was
calculated per fragment as the total increase in surface area divided
by the number of weeks of growth. All data were tested for nor-
mality with Kolmogorov’s test and for homoscedasticity using
Levene’s test. Non-normal data were normalized using Box-Cox
transformations (Velleman 1997) and a square-root transformation
was used for heteroscedastic variances. Site quality differences were
very apparent; transplants growing in Apo were visibly healthier
and survived better than those at Bais Bay. A three-way ANOVA
was used on square-root transformed data to analyze the effects of
site of origin, site of growth, and neighbor on the entire data set.
Because neighbor effects were apparent only for transplants
growing in Apo, the effects of neighbor and site of origin on mean
weekly growth (Box-Cox exponent=0.28) and final branching
number (Box-Cox exponent=0.7644) were tested using two-way
ANOVA on only Apo data. The ranked differences between factors
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were tested with Bonferroni post-hoc tests (Velleman 1997). Final
colony morphology in Apo-grown transplants was analyzed by
testing for a neighbor effect on directional branching. Branch ori-
entation was described as either (1) facing outer margins and/or the
center of the growth platforms, where more space was available, or
(2) facing growing neighbors, where more crowding occurred.
Branch counts were transformed (Box-Cox exponent =0.7644) and
tested with a two-way ANOVA using branch orientation and
presence of living vs dead neighbors as predictors. An additional
ANOVA on log-transformed branch counts per fragment on open
corners vs inner rows further quantified the effect of available space
on branching.

For the Bais data, an analysis of factors affecting mortality was
deemed appropriate, since neighbor effects had no significant effect
on transplant performance. Cox’s Proportional Hazard Analysis
software (Sall and Lehman 1996) was used to determine if treat-
ment (i.e., with live or dead neighbor), site of origin (Apo or Bais
reefs), or early growth rate (growth within the first sampling

Fig. 1 Map of the central
Philippines showing the study
sites
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interval after transplantation) affected later survival. This test cal-
culates a risk ratio associated with each factor potentially affecting
the fate of the transplants. Three possible fates were defined: (1)
death during the time interval between two sampling periods (a
total of five intervals within which a fragment could die), (2) dying
at the end of the study (declining fragment health, gradual tissue
loss, no basal growth), or (3) healthy and growing at the end of the
study.

Results
General trends in transplant performance

Performance was defined as transplant growth and sur-
vival. Several general patterns emerged as fragments
grew at both sites. Fragments originally from Apo grew
faster than those from Bais at both sites, and fragments
growing at Apo grew faster and survived better than
those growing at Bais (transformed growth rate Box-Cox
exponent=0.425; ANOVA; F=76.627, P <0.0001).
Therefore, both site of origin and site of growth had
greater effects on transplant performance than did
neighbor in the overall analysis (Table 1, Fig. 2).
Transplants growing at Apo showed steady linear ex-
tension, slightly higher than that of reference colonies
(Fig. 2). By January 1997 (7 months post-transplant),
basal disc development and branching accelerated
greatly. Those growing in Bais, however, showed much
slower growth, with little or no basal growth and little
branching. To determine whether growth differed be-
tween sampling periods, suggesting either a seasonal ef-
fect or a post-transplant stress effect, growth differences
between the five sampling periods were tested at both
sites. Neighbor effects were not significant within inter-
vals of growth between sampling periods, and so were
eliminated from the analysis. Results showed significant
differences in growth between time periods, primarily
between the first time period post-transplantation, and
all others (Table 2). Growth rate increased between
sampling periods, though the increase was generally not
significant. This suggested an immediate stress effect of
transplantation overcome by the second sampling, and
no evidence of a seasonal effect on growth.

In Apo, growth rate increases were largest after the
first (August 1996) and third (January 1997) sampling
periods, which corresponded with the development of
basal discs and accelerated branching. Bais data showed
different results. The growth curve of reference colonies
was similar to those at Apo, though growth rate was

slower at Bais (Fig. 2). However, transplants grew much
less than reference colonies at Bais after the first sam-
pling period (Fig. 2). Fragments also branched much
less at Bais (final census: 1.54+0.16 branches per frag-
ment) than at Apo (final census: 8.1+ 0.66 branches per
fragment). In addition, site of fragment origin did not
affect growth rate in Bais, though it did in Apo (Ta-
ble 2). Since fragments were treated identically at both
sites and transplantation to both reefs was simultaneous,
these observations suggest a cumulative effect of the less-
optimum environment on growth.

Neighbor effects

Because a neighbor effect was not detectable in trans-
plants growing in Bais — growth rate and final colony
morphology were not significantly different in any of the
Bais treatments — an analysis of the effect of neighbor
was carried out only for fragments growing at Apo.
Fragments growing next to live neighbors added signif-
icantly more surface area faster than those next to dead
neighbors (Table 3, Fig. 3), and were significantly longer
than those next to dead neighbors at 13 months
(ANOVA; F=6.77, P=0.01 1; Bonferroni post-hoc test
P=0.011). This enhancement of growth rate by close
neighbors illustrates an early positive effect on growth.
In addition, fragment source differences were significant;
those originally from Apo grew faster than those from
Bais (Table 3, Fig. 3). Conversely, fragments with live
neighbors branched much less than those with dead
neighbors, and site of origin did not affect branching
(Table 3, Fig. 4). The effect on the number of branches
produced was much more pronounced than that on
growth rate. These differences — greater linear growth
and reduced lateral branching with live neighbors —
suggest a competitive interaction mediating colony
morphology by inhibiting branch production. Clonal
pairs in the two treatments differed significantly in the
number of branches they produced (Wilcoxon signed
rank test; z=3.9578, P <0.0001), showing that differ-
ences in colony morphology were environmentally in-
duced. The author hypothesized directional branching,
with fewer branches on colony sides adjacent to neigh-
bors. However, the number of branches oriented toward
and away from living neighbors did not vary (ANOVA;
F=1.125, P=0.29); branching was three-dimensional.
Colonies at the corner of platforms also did not show
greater branching in response to more available space

Table 1 Three-way analysis

of variance of effect of neighbor Factor df F P value Post-hoc rank
(live vs dead), fragment source . . -
(Apo vs Bais), and site of Neighbor 1 0.087 Not significant D;id0>7]817ve,
growth (Apo vs Bais) on mean Fragment source 1 15.23 0.0001 Apo > Bais;
weekly growth (over P=000015
;f t“;g“stl}tlzz of coral transplants i\ ¢ oo wih 1 92.95 <0.0001 Apo > Bais;
P=0.0000
Growth X source 1 5.867 0.0167 -
Growth X neighbor 1 7.859 0.0058 -
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Fig. 2 Mean weekly growth 100 T — 100
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Table 2 Results of two-way ) ) ]
ANOVA on the effect of post- Factor df F P value Post-hoc rank
transplant growth interval and Apo-growing transplants
site of transplant origin on ) . o
mean weekly growth rate. (Site Growth interval 4 39.72 <0.0001 } ig, ﬁ;ggggg
of origin: Apo vs Bais; growth 1<4f P—O-OOOO
intervals: 1=6/96-8/96; 1<5 P;0.0000
2=8/96-10/96; 3=10/96-1/97; 3<5 P=00027
4=1/97-4/97; 5=4/97-7/97) 2<5; P=0.0002
Site of origin 1 9.295 0.0025 Apo > Bais: P=0.00248
Bais-growing transplants
Growth interval 4 9.357 < 0.0001 1<2; P=0.0000
1<3; P=0.0000
1<4; P=0.0016
1<5; P=0.0039
1te of origin . ot significant —
Site of origi 1 2.539 Not signifi
Table 3 Results of two-way
ANOVA for effect of neighbor Source df F P value Post-hoc rank
ZII: dn::e(ignv;eri(gp%r;‘gg; irr'?te Effect. on mean weekly growth .
Apo-grown transplants for Neighbor 1 4.185 0.0442 Live > Dead; P_: 0.0442
13 months of growth (1=20 Site of origin 1 23.907 <0.0001 Apo > Bais; P=0.0000
fragments/treatment; neigh- Effect on branch number
bors: either dead or live; sites: Neighbor 1 20.953 <0.0001 Dead > Live; P=0.0328
either Apo or Bais) Site of origin 1 0.378 0.602 Not significant

(corner fragments: 5.65+0.81 branches/fragment; inner

ANOVA;

fragments: 7.29+0.66 branches/fragment,
F=2.5446, P=0.1152). It is possible that directional
growth might occur at a later stage, as fragments grow
into contact.

As mortality and partial mortality in Bais-growing
transplants were very high, the author tested for the
possibility that neighbor (live vs dead), site of origin, or
early growth rate might affect later fate. Results are
presented in Table 4. No significant differences were
seen; all fragments had an equally ‘“hazardous™ exis-
tence at the less favorable site. The presence of live

conspecifics did not affect fragment fate, and coming
from the healthier site (Apo) did not afford any advan-
tage. In addition, no link existed between early growth
rate and later survival; fragments that initially grew well
did not necessarily survive better.

Site quality
The most obvious effect on transplant performance was

the environmental quality difference between the two
sites: Bais Bay was disturbed by fishing, siltation, and
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Fig. 3 Mean weekly growth rate of P. attenuata transplants in two
treatments, growing at two sites. 44 D/BBD Within-site transplants
growing with dead neighbors; A4L/BBL within-site transplants,
live neighbors; BAD/ABD between-site transplants, dead neigh-
bors; BAL/ABL between-site transplants, live neighbors. n=20
fragments/treatment-site; mean +SE

agricultural runoff, while Apo reef was subjected to none
of these stresses. At 1 year, transplant mortality was
6.25% in Apo (5 out of 80 fragments died or were lost)
and the remaining transplants were healthy and growing
well. In contrast, 1-year mortality at Bais was 25% (20
out of 80) and many of the remaining transplants were
partially dead and died within months after the last
sampling. All transplants at Bais were equally suscepti-
ble to the various factors contributing to high mortality,
irrespective of treatment (y°>= 12, P=0.4457).

Sources of mortality and injury

A summary of mortality and injury at both sites is
presented in Table 5. Cause of mortality was usually not
determined. Many fragments at Bais died slowly,
showing a steady loss of pigmentation and slower
growth over several weeks, followed by tissue necrosis
starting at the base and progressing upward.

Without strong basal support, fragments were fragile
and easily broken; several were lost. Bais-growing frag-
ments were more impacted by biotic agents, which in-
cluded flatworms, a red filamentous alga, a boring
polychaete, and a disease (discussed below) (Table 5).

The most interesting condition affecting the health of
Bais transplants was the appearance of discrete, multi-
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Fig. 4 Mean total number of new branches of P. attenuata
transplants in two treatments at two sites. A4D/BBD Within-site
transplants, with dead neighbors; 4AL/BBL within-site trans-
plants, live neighbors; BAD/ABD between-site transplants, dead
neighbors; BAL/ABL between-site transplants, live neighbors.
n=20 fragments/treatment-site; mean +SE

focal, white lesions, 4 mm in diameter, in August 1996,
which first appeared at the base of several fragments. By
January 1997, 10% of the transplants were infected, and
lesions had spread from the base. A total of 23 frag-
ments (29%) eventually developed lesions; six of these
were originally from Apo and 17 from Bais. Several
infected fragments subsequently died (Table 5). Healthy
colonies on the reef developed similar lesions. By the
following year, a transect survey on this reef indicated
that 45% of colonies within the genus Porites were
manifesting these signs of disease. This disease, Porites
ulcerative white spot disease (PUWS), is currently under
investigation (Raymundo 2000).

Table 4 Results of Cox’s Proportional Hazard Analysis for Bais-
grown transplants; effects of early weekly growth rate, treatment,
and site of origin on survival (n=20 fragments/treatment; neigh-
bor: live or dead neighbor; site of origin: Apo or Bais; early growth
rate: growth during first sampling interval)

Source df Risk ratio Ve P value

Neighbor 1 0.555 1.579 0.2088

Site of origin 1 1.45 0.646 0.4214

Early growth 1 1.0012 0.605 0.4367
rate
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Table 5 Summary of injury

: Breakage, loss of Death Partial Disease PUWS with Ectopara-
and mortality of transplanted ’ . :
fragments (ny: 80 fragrgents fragment (Calllse nfl)?vrltahty (PUWS) later PM/death  site/borers
growing at each site). PUWS unknown)  (PM)

Porites Ulcerative White Spot A
Discase po-grown transplants
3 2 0 0 0 0
Bais-grown transplants
7 14 21 22 12 4
_ ; between neighbors; smaller distances (i.e., physical
Discussion

Adult colony morphology and size must be considered
when determining the density and spacing of coral
transplants if corals are to be introduced with their long-
term re-establishment in mind. The author’s results il-
lustrate an effect on both growth rate and colony form
long before fragments came into physical contact.
Transplants with live neighbors were 4.5 cm apart, and
those with dead neighbors were approximately 10.5 cm
apart. Two years post-transplantation, most transplants
had grown into contact, yet significant effects on mor-
phology were detectable within the first 6 months, when
branching began. Because clonal branches responded
differently within the treatments, genetic factors could
not explain observed effects; differences in growth rate
and form were clearly environmentally induced. Colo-
nies growing close to living neighbors grew longer and
added more surface area faster, but branched less than
those with dead neighbors. It is likely that faster increase
in surface area with live neighbors was a short-term ef-
fect. Greater branching of fragments next to dead
neighbors should eventually result in greater surface
area surpassing that of fragments branching less.
Indirect competition between corals, i.e., no physical
contact between competitors (Lang and Chornesky
1990), has rarely been described. Overtopping by table
corals, resulting in low survival of shaded colonies,
provides one example (Stimson 1985; Fisk and Harriot
1992). However, a shading effect was not operating here,
and the method by which neighbors were affecting each
other was unclear. Chemical mediation is one possibility;
allelopathy is a well-established means of defense in soft
corals (Sammarco et al. 1983 ; Bak and Borsboom 1984 ;
Porter and Targett 1988). Chemical signals (isomones) in
corals were described by Rinkevich and Loya (1985b) as
a means of directing intracolony growth. In related
studies, the authors described differing growth responses
in the coral Stylophora pistillata; clonal branches fused
when in physical contact, but retreated from each other
when placed 0.5 cm apart (Rinkevich and Loya 1983,
1985b), suggesting chemical communication between
close, but untouching, branches. Antimicrobial chemical
defense has been documented in 100 scleractinian species
(Koh 1997), and Koh and Sweatman (2000) demon-
strated that extracts of Tubastrea faulkneri effectively
reduced competition by killing coral larvae. Distance
between colonies can determine the type of interaction

contact, or as little as 5 mm apart) results in greater
tissue damage (Chornesky 1983). My results suggest a
chemical communication between close allogeneic
neighbors that resulted in inhibited branching, possibly
delaying physical contact, but stimulating branch ex-
tension.

Phenotypic plasticity is common in corals; they alter
morphology and physiology in response to a variety of
environmental changes (Dustan 1979; Davies 1980;
Foster 1980; Rinkevich and Loya 1983; McCloskey and
Muscatine 1984; West et al. 1993; Montebon and Yap
1997). The morphological differences between treat-
ments at Apo are an example of phenotypic plasticity, as
a clonal design was used. Growth plasticity could be
manipulated when arranging and spacing transplanted
fragments. Unbranched fragments could be grown in
ocean nurseries in high densities prior to permanent
attachment, to stimulate early growth. Older, branched
clonal fragments could be permanently arranged in
clusters to facilitate fusion (Hildemann et al. 1980; Bak
and Criens 1982; Hidaka 1985; Willis and Ayre 1985) to
form large colonies. Placement of clusters must allow for
colony expansion, to avoid growth inhibition from
competition with neighbors.

A related issue requiring further study is the potential
benefit of transplanting in polyculture. Polyculture that
establishes multispecies, clusters, or patches results in
higher genetic diversity and habitat complexity, and
would support a greater diversity of reef-associated
fauna than would monoculture. Dizon and Yap (2000)
suggested that competitive inhibition in monospecific
stands may explain the lower growth rate observed in
monoculture plots of Porites cylindrica, and this is
consistent with the effect on branching seen in this study.
However, interspecific competition often results in
dominance hierarchies or competitive networks which
may hinder the establishment of less-aggressive species
(Bak et al. 1982; Rinkevich et al. 1992; Aerts 1998).
Therefore, the placement of transplants requires a con-
sideration of intraspecific effects not only on growth and
form, but also on potential impacts from more aggres-
sive species. Clearly, consideration of the diversity of
interactions in which any single species may be involved
is beyond the scope of most rehabilitation efforts, but a
familiarity with available information on coral interac-
tions can provide a starting point. An understanding of
the factors mediating coral growth can and should be
used to manipulate colony form and growth rate to
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achieve more effective results in restoration efforts. This
should be considered a primary focus of reef restoration
ecology.

One primary concern suggested by these results is the
quality of the sites that will donate and receive trans-
plants. Studies involving transplanting to a poor-quality
site (Birkeland et al. 1979) or suboptimum conditions
(Clark 1997) show that coral often fails to re-establish.
Two points are clear: (1) stressed corals from a degraded
site are easily established under optimal conditions, and
(2) transplants taken from high-quality sites perform
better than those from degraded sites. Clonal fragments
taken from Bais grew significantly faster at Apo that
they did at Bais (Figs. 3 and 4), despite the stress of
long-distance transport. Fragments from Apo, on the
other hand, grew faster than those from Bais at both
sites (Fig. 3). In addition, the data suggested a difference
in susceptibility to disease (PUWS): the majority of
fragments infected with PUWS were from Bais, though
all transplants were presumably exposed simultaneously
after transplantation had occurred, and were growing in
identical conditions. These differences may be explained
genetically: Apo fragments could simply have come
from more-resistant stock, or by past environmental
influences; Apo fragments were taken from healthy
colonies on a pristine reef and therefore responded
better to stress when exposed to it.

The potential impact of coral disease on reef rehabil-
itation has not yet been evaluated. However, reports of
diseases on reefs are increasing (Richardson 1998;
Harvell et al. 1999) and require consideration. Trans-
plant stress lowers a coral’s natural resistance, leading to
increased susceptibility to local pathogens. In addition,
introducing a disease via infected, but asymptomatic,
coral transplants is a very real concern. In this study, only
fragments at Bais developed PUWS, but the effect was
considerable and the disease has impacted the entire reef.
So little is known about disease etiology (Antonius 1995)
and so few diseases have been adequately documented
and studied (Richardson 1998) that it may be possible to
transplant fragments harboring potential pathogens
without being aware that they are diseased. A detailed
survey of the source reef, to identify colonies with any
obvious symptoms of documented diseases, would be a
first step in preventing a transplantation effort from be-
coming a facilitator in the spread of a disease.

A recent increase in the number of publications on
coral transplantation as a management strategy is proof
of the interest it is generating among coral reef workers.
However, the prohibitive cost, labor-intensive initial
stage, substrate area which can be reasonably “replant-
ed” relative to the vast areas of denuded reef, and po-
tential damage inflicted on donor reefs present real
challenges (see Harriot and Fisk 1988; Edwards and
Clark 1998). Coral transplantation may be most effec-
tively used in conjunction with other restoration and
management strategies, such as substrate stabilization
and the use of seeded or cultured colonies. Certainly,
naturally fragmenting species are most suitable for the

method presented here, and fragments must be obtained
from as many colonies as possible to maximize genetic
diversity in the recipient site (Rinkevich 1995). In addi-
tion, the sexual reproductive mode of many species, in-
cluding P. attenuata, remains undocumented; fragment
transplantation may be the only viable means of pre-
serving or reintroducing species that sexually reproduce
rarely or not at all. Events such as dynamite blasting,
hurricanes, and ship groundings generate enormous
numbers of fragments without permanently altering
water quality, and recent attempts to recover such areas
by stabilizing fragments have shown some success
(Gittings et al. 1994; Becker and Mueller 1999; Jaap
1999; Quirolo 1999). This study demonstrates that in-
teractions resulting from the placement of fragments in
close proximity can mediate the performance of trans-
plants. Biological interactions and morphological plas-
ticity can be manipulated to achieve more effective
growth and re-establishment of transplanted coral.
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