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Abstract Bleaching of corals results from the loss of their
symbiotic algae (zooxanthellae) and/or pigments. The
supply of photoassimilates provided by the zooxanthel-
lae to the coral declines during bleaching and reduces the
ability to activate energy-costly processes such as
maintenance, growth and reproduction. In the present
study we compared the competitive outcomes, expressed
as overgrowth and changes in colony sizes of Oculina
patagonica (an encrusting Mediterranean stony coral)
and the bryozoan Watersipora sp., growing in contact
with each other, during and between bleaching events.
Year-round observations of tagged colonies showed al-
ternating competitive outcomes: O. patagonica wins over
Watersipora sp. between bleaching events, but loses
during bleaching events. Using the 14C-point-labeling
technique on coral tissue, we examined intra-colonial
translocation of photosynthetic products from the
point-tissue labeling towards interaction zones. In non-
bleached O. patagonica, competition resulted in prefer-
entially oriented translocation of 14C products to the
interaction zone located up to 8 cm away from the
tissue-labeling site. Sites opposite the interaction zone
received significantly less labeled photoassimilates
compared to the interaction zone. In bleached colonies
(40–85% bleached surface area), such translocation did
not occur, probably explaining the failure to compete
with the encrusting neighbor Watersipora sp. Our
findings demonstrate the importance of colonial
integration and resource orientation for the competitive
superiority of O. patagonica.

Introduction

Coral bleaching results from the disruption of the sym-
biotic association between coral hosts and their symbi-
otic photosynthetic algal endosymbionts (Glynn 1993;
Brown 1997; Hoegh-Guldberg 1999). During bleaching,
hermatypic corals may occasionally suffer damage from
a multitude of other agents (apart from the loss of their
main energy source), such as storms, sedimentation,
temperature fluctuations, emersion at low tide, diseases,
anthropogenic stresses, predation and competitive in-
teractions. The latter is of great importance (Chornesky
1989; Glynn 1993; Hoegh-Guldberg 1999), since com-
petition for space on which to live is intense and is often
the most important limiting resource in marine hard-
substratum environments (Connell 1961; Dayton 1971).
While the importance of competition to coral reef
community structure is questionable (van Woesik 2002),
in temperate zones competition has a major role in de-
termining the structure of species assemblages in coastal
habitats (Underwood 1979, 1992). Competition between
individual colonies of different species has been shown
to result in either a bilateral cessation of growth (‘‘stand-
off’’) or a ‘‘win’’ for one competitor, when it damages
and/or overgrows the opposing neighbor (Chornesky
1989). However, an overgrowing ‘‘winner’’ might later
turn up overgrown and lose in the competition [‘‘a
reversal’’ sensu Buss and Jackson (1979) or ‘‘repeated
reversals’’ sensu Chornesky (1989), when it occurs
periodically]. Neighboring organisms may affect
survival, shape, reproductive output and growth rate of
sedentary organisms (Romano 1990; Alino et al. 1992).

In sessile invertebrate communities, the rate at which
a species grows is an important factor influencing its
competitive superiority (Sebens 1986; Nandakumar et al.
1993). Scleractinian corals are slow-growing organisms.
Unless they possess some defensive mechanism for
resisting invasion, corals would provide substrate, for
sufficient periods of time, for settlement and growth by
faster growing organisms (Porter 1974). The defensive
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mechanisms include the use of spines by bryozoans
(Stebbing 1973; Harvell 1998), sweeper tentacles, mes-
enterial filaments (Lang and Chornesky 1990) and
allelopathy (Sullivan et al. 1983; Koh and Sweatman
2000) by corals, all of which demand energetic input.

Essential life-preserving resources (amino acids, sug-
ars, carbohydrates and small peptides) are supplied to
the coral host from the zooxanthellae residing inside its
tissue (Muscatine 1973; Trench 1979; Swanson and
Hoegh-Guldberg 1998). In hermatypic corals up to 95%
of the photosynthetic products are continuously trans-
located to the coral host (Muscatine 1990), where they
contribute to a variety of nutritional requirements such
as maintenance, synthesis of new cells, skeletal matrix,
mucus, deposition of calcium carbonate, and the storage
of energy-rich compounds for coral reproduction
(Muscatine and Cernichiari 1969; Crossland et al.1980;
Muscatine et al. 1981, 1984; Kellogg and Patton 1983;
Rinkevich and Loya 1984; Stimson 1987; Rinkevich
1989). Taylor (1977) reported a strong preferential
movement and accumulation of 14C-labeled compounds
towards the tips in Acropora cervicornis. He further re-
corded an analogous pattern of photosynthate translo-
cation in flat colonies of Montastrea annularis, where
14C-labeled compounds were found at the growing edges
up to 9 cm away from the incubation site.

Resources available to an organism are often limited
and, therefore, must be allocated among competing bi-
ological functions, such as maintenance, somatic growth
and reproduction (Bak and Steward-Van Es 1980; Bak
1983; Kozlowski and Wiegert 1986; Harrison and
Wallace 1990). Consequently, intra-colonial resource
integration is regarded as a basic life-preserving ability
and one of the most important advantages of colonial
organisms (Oren et al. 2001).

Oculina patagonica is an encrusting Mediterranean
stony coral common along the Mediterranean coast of
Israel at depths of 1–6 m (Fine et al. 2001). Bleaching of
O. patagonica was first recorded in summer 1993
(Kushmaro et al. 1996), and has been continuously
monitored since then. Bleaching of 70–80% of the
population occurs annually, starting in late May with
the rise in seawater temperature (Kushmaro et al. 1998).
In contrast with reports from other regions of mass
mortality following bleaching events, >90% of the
bleached O. patagonica colonies fully recovers in the
next winter (Kushmaro et al. 1998), through recruitment
and/or cell division of their symbiotic zooxanthellae. In
early observations we noticed that colonies of O. pata-
gonica interact through direct aggression and over-
growth with other colonial organisms in their vicinity,
mainly the bryozoan Watersipora sp. This encrusting
cheilostome bryozoan (reaching a maximum size of
40 cm) and O. patagonica share the same habitat of
vertical subtidal walls. While many O. patagonica colo-
nies undergo bleaching during the summer, the bryo-
zoan Watersipora sp. is an azooxanthellate species.

In the present study we focused on the effect of coral
bleaching and colony integration on competitive

interactions of O. patagonica with the bryozoan
Watersipora sp. We followedO. patagonica’s competitive
performance during and between bleaching events, aswell
as the resource orientation and translocation associated
with it. Recently we demonstrated an oriented translo-
cation of 14C-labeled materials towards regenerating
areas in O. patagonica (Fine et al. 2002). We showed that
in bleached corals, no such translocation occurred. We
found the existence of a bleaching threshold of ca. 40%
that terminates intra-colonial resource translocation in
O. patagonica. In the present study, we examined the
competitive capabilities of the species in view of the
previously found bleaching threshold.

Materials and methods

Measurement of overgrowth interactions

Coral–bryozoan overgrowth interactions were analyzed along the
vermetid reefs of Sdot-Yam, Israel (32�29.77¢N; 34�54.23¢E), at
depths of 1–6 m. All the colonies inhabit vertical walls of the ver-
metid reefs, a shaded environment of variably low irradience,
according to sea conditions. Tagged colonies of Oculina patagonica
(n=200) were surveyed to assess the number of competitive inter-
actions between O. patagonica and Watersipora sp. These colonies
were randomly chosen from an area of 500 m2 that was under
continuous observation during the O. patagonica bleaching study
(1993–2000, Fine et al. 2001). All O. patagonica–bryozoan inter-
actions, as well as interactions with other encrusting organisms
were recorded. When the growing edge of a competitor was seen to
overgrow and cover parts of the living surface area of the other
competitor it was determined to be a ‘‘winner’’. Direct settlement
onto one of the competitors was not counted as overgrowth (see
Turner and Todd 1994; Barnes and Rothery 1996).

Twenty tagged interactions between O. patagonica and
Watersipora sp. (out of 30 interactions recorded in the above-
mentioned survey) were studied in detail during 2000–2001. The
competitors were observed and photographed monthly (January
2000–December 2001) using a Nikonos-V camera, with a close-up
apparatus mounted on a 28 mm lens. Size of competitors (surface
area) and percentage of bleaching (portion of bleached area from
total colony area) of O. patagonica colonies were analyzed from the
color slides using a computerized image analyzer (Olympus CUE-
3). Growth rate of non-interacting colonies of O. patagonica (n=9)
and Watersipora sp. (n=9) was calculated in a similar manner
(photography and image analyzing), to allow comparison of
growth rate between interacting and non-interacting colonies.

Radioactive labeling procedure

In order to study patterns of intra-colonial translocation of pho-
tosynthetic products within colonies of O. patagonica, we used
14C-labeling cylinders (see Oren et al. 1997) that enabled coral
tissue labeling on a restricted colony portion of 5 cm2. To achieve a
firm seal with the coral tissue, the opening of each cylinder was
glued to a section of self-adhesive isolation foam. Final attachment
of the cylinders to the coral surface was accomplished by wires
anchored to a firm hard substrate or pre-prepared screws mounted
near the colony. A 0.5 mm hole covered with rubber enabled in-
jection of the radioactive carbon into each cylinder (final concen-
tration: 0.01 lCi ml)1). 14C-labeling of all experimental colonies
was initiated at 0900 hours for a total period of 24 h, after which
the cylinders were removed. Coral cores of 1 cm2 and 0.5 cm
thickness (tissue+skeleton) were sampled, using a stainless-steal
corer, 48 h after removal of the labeling cylinders. Each core
was individually placed in a plastic vial and transferred to the
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laboratory. The seawater from each vial was drained, and 8 ml of
hydrogen peroxide (30%) was added in order to digest the tissues.
After complete tissue digestion (24 h), two 0.5 ml replicates from
each vial were sampled. Then, 5 ml of biodegradable counting
scintillation cocktail (BCS, Amersham) was added to each sample.
Activity of 14C was determined by liquid scintillation counter
(Packard, Tri-Carb 1500).

Intra-colonial translocation in non-bleached versus bleached
colonies during competition

To examine possible intra-colonial translocation of photosynthetic
products towards the coral–bryozoan interaction zone, we
conducted 14C labeling in ten healthy colonies of O. patagonica (five
pre-bleached in April and five non-bleached in July 2001), five partly
bleached colonieswith<40%bleached surface area and seven partly
bleached colonies with >40% bleached surface area (July 2001,
12–18 cm in diameter) that were found adjacent to and in contact
with Watersipora sp. (5–15 cm in diameter). The bleaching percent-
age groups were selected according to Fine et al. (2002). In partly
bleached colonies the labeling cylinder was attached on a non-
bleached section of the colony. In each of the colonies, the labeling
cylinder was attached at a distance of 4–8 cm from the interaction
(coral–bryozoan) line (Fig. 1). Using a stainless-steal corer, seven
coral cores (0.5 cm radius, 0.5 cm thickness, tissue+skeleton) were
sampled from each labeled colony 48 h after removal of the labeling
cylinder: one core from the labeling point (L), two cores from the
colony edges at the interaction zone (IZ, 4–8 cm from L), two cores
opposite the interaction zone (OIZ, 3–5 cm fromL) and two cores on
the colony edges opposite the interaction zone (CE, up to 8 cm from
L, Fig. 1). Six additional intact unlabeled colonies (three
non-bleached and three bleached) were sampled for control
background 14C-activity measurements.

Results

Overgrowth interactions

Bleaching of Oculina patagonica was observed in late
May and beginning of June (1993–2000), with a rise in
seawater temperature to ca. 26�C. Recovery of the
colonies, determined by the regaining of pigmentation,
started with a decrease in seawater temperature in

October (Fig. 2). Seawater temperature along the Med-
iterranean coast of Israel ranges from a minimum of
16�C in March to a maximum of 30�C in August
(Fig. 2). Out of the 200 O. patagonica colonies exam-
ined, 41 were found in close contact with encrusting
organisms: 30 with the bryozoan Watersipora sp., six
with sponges, three with ascidians and two intraspecific
interactions. All interactions recorded were between
colonies inhabiting vertical (wall) substrates in relatively
shaded areas (overhangs and north-facing walls).

Out of the 20 photographed interactions between
O. patagonica and Watersipora sp. the win/lose ratio
was significantly correlated with bleaching percentage
(portion of bleached area from the total colony surface
area, r2=0.85, P<0.001). With an increase in the
bleaching percentage during the bleaching season
(June–September, Fig. 2) there was an increase in the
number of losses in competition with O. patagonica
(Fig. 3a). In all observations of the tagged colonies,
non-bleached and partly bleached (<40% bleached
surface area of the total colony area) colonies were
winners, while colonies with >40% bleached surface
area lost in competition with Watersipora sp. During
January–April, 95±10% (n=20) of the O. patagonica
colonies were winners. Only 5% of the colonies that
were still bleached (>40% bleached surface area) lost
in competition with Watersipora sp. During May–
September, the peak of the bleaching period, only
30±5% (n=20) of the O. patagonica colonies (non-
bleached colonies and colonies with <40% bleached
surface area), won, while 70±5% (>40% bleached
surface area) lost. During October–December, with a
gradual recovery from bleaching (Fig. 2), 55±10%
(n=20) of the colonies (non-bleached colonies and
colonies with <40% bleached surface area) were win-
ners in competition (Fig. 3a).

Growth rate (linear extension) attained by interacting
O. patagonica and Watersipora sp. according to analysis
of the monthly photos was 0.6±0.3 and 0.7±0.5 cm
month)1 (n=20), respectively, during winter months

Fig. 1 Oculina patagonica. Schematic diagram of 14C labeling and
sampling locations in colonies during competitive interactions with
the bryozoan Watersipora sp. [L labeled area; IZ interaction zone,
located 4–8 cm away from labeled area; OIZ sites opposite the
interaction zone, 4–8 cm away from labeled area; CE colony edge
opposite IZ, located 4–8 cm away from labeled area; open circles
locations from which cores (tissue and skeleton) were sampled for
examination of 14C activity]

Fig. 2 Oculina patagonica. Monthly bleaching percentages of 200
tagged colonies (±SD) (bars, visual estimates), and monthly
average of seawater temperatures recorded from 1993 to 2000
(line, ±SD). During the summer, with an increase in seawater
surface temperatures (SST), a peak in the number of bleached
colonies is evident, while during the winter, with a decrease in SST,
coral recovery takes place (less bleached colonies)
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(November–April). During summer (May–October),
growth rate of non-bleached and partly bleached (<40%
bleached surface area) O. patagonica colonies decreased
to 0.3±0.2 cm month)1 (n=12) and that of bleached
colonies (>40% bleached surface area) decreased to
0.0 cm month)1 (n=8). In contrast, Watersipora sp.
coloniesmaintained a summer growth rate of 0.6±0.3 cm
month)1 (n=20) (similar to winter growth rate).

Non-interacting colonies of O. patagonica and Watersi-
pora sp. attained a significantly lower growth rate than
interacting colonies [one-way ANOVA, least significant
difference (LSD) P<0.001]. Colony size was not a de-
terminant of competitive ability (r2=0.01, P>0.05).
During January–April O. patagonica overgrew Watersi-
pora sp. gaining 24.3±14.0% (n=20) of its initial size
(average size duringOctober–December) at the expense of
the latter (Figs. 3b, 4a). During May–September
(bleaching season), Watersipora sp. overgrew
29.7±15.7% (n=20) of O. patagonica’s surface area and
gained (including growth in non-interacting zones of the
colony) 41.4±20.2% (n=20) of its initial size (Figs. 3b,
4b). During recovery from bleaching (October–Decem-
ber) O. patagonica overgrew 12.6±13.0% (n=20) of
Watersipora sp. surface area and gained (including
growth in non-interacting zones of the colony)
14.3±18.6% of its initial size (Fig. 3b).

Intra-colonial translocation in non-bleached versus
bleached colonies during competition

Forty-eight hours after 14C-labeling treatments, the
5 cm2 labeled areas (L) in all experimental colonies
demonstrated high 14C activity (9087.8±2743.2 CPM
cm)2, n=22) compared to background (14C activity in
healthy randomly sampled intact O. patagonica colo-
nies=25.8±6.7 and 24.6±5.4 CPM cm)2, n=6, for
non-bleached and bleached intact colonies, respectively).
14C incorporation to healthy non-bleached O. patago-
nica colonies did not differ significantly from that in-
corporated to healthy non-bleached parts of partly
bleached colonies (one-way ANOVA with repeated
measures, LSD, P>0.05). 14C incorporation and trans-
location rates of non-bleached colonies in April did not
differ significantly from that found in July (one-way
ANOVA with repeated measures, LSD, P>0.05,
n=10).

Fig. 3a, b Oculina patagonica. a Percentage of interactions (winning
or losing) between O. patagonica and Watersipora sp. throughout
January–December, 2000–2001 (solid bars non-bleached colonies;
dotted bars and open bars colonies of <40% or >40% bleached
surface area, respectively). b Net growth percentage of O. patago-
nica (open bars) and Watersipora sp. (solid bars) during periods
between bleaching events (January–April) during bleaching events
(May–September) and during recovery from bleaching (before full
recovery, October–December

Fig. 4a, b Oculina patagonica.
Competitive interactions
showing: a a healthy non-
bleached O. patagonica (O)
colony overgrowing the
bryozoan Watersipora sp. (B)
and b Watersipora sp.
overgrowing a bleached O.
patagonica colony. Scale bars:
5 mm
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Coral samples taken from the colony edge within the
interaction zone (IZ) of non-bleached colonies (n=10)
exhibited 14C activity significantly higher than that of
samples opposite the interaction zone (OIZ) and of
samples from the colony edges (CE) opposite IZ (one-
way ANOVA with repeated measures, P<0.001; Fig. 5).
In non-bleached colonies, minor translocation was de-
tected also to the site opposite the interaction zone (OIZ)
and to the colony edges opposite the interaction zone
(CE). We detected a sub-group of colonies, with 20–40%
bleached surface area (n=5), that showed significant
14C translocation to the interaction zone (one-way
ANOVA with repeated measures, LSD, P<0.001;
Fig. 5), but non-significant translocation to OIZ and CE
(one-way ANOVA with repeated measures, LSD,
P>0.05; Fig. 5).

In bleached colonies (>40% bleached surface area,
n=7), samples taken from the colony edges within the
interaction zone (IZ) exhibited 14C activity that did not
differ significantly from that of OIZ, CE or even the
intact control samples (one-way ANOVA with repeated
measures, LSD, P>0.05; Fig. 5).

Discussion

Shifts in species composition and community structure
following bleaching events in coral reefs have been re-
ported (Glynn 1988; Brown and Suharsono 1990;
Gleason 1993; Guzman and Cortes 2001; Loya et al.
2001) and widely discussed (Glynn 1993; Brown 1997;
Done 1999; Hoegh-Guldberg 1999; Wilkinson 2000).
One of the factors shaping communities during and
following bleaching events is inter-specific competition,

as it is well understood that corals under severe com-
petition from other organisms during bleaching have
reduced recovery potential (Done 1999).

However, in temperate non-reef environments, no
reports are available as to the consequences of coral
bleaching on community structure in general and com-
petition in particular. On temperate infralittoral shores,
such as the environment studied in the present study site,
coralline algae cover almost all available space and
sedentary animals are usually restricted to shaded or
vertical substrates. The latter tend to be completely
overgrown by organisms, especially colonial forms (see
Peres 1967; Sara and Vacelet 1973), resulting in com-
petition for space (Connell 1961; Dayton 1971).

Zibrowius and Ramos (1983) reported the high
competitive competence of O. patagonica through
overgrowth of mussels, oysters, barnacles and ascidians.
In the present study we demonstrate the effect of
bleaching events on the competitive ability of the scle-
ractinian Mediterranean coral O. patagonica. The com-
petitive superiority of O. patagonica over the bryozoan
Watersipora sp. during winter months is expressed by its
high win/lose ratio as well as by an increase in colony
size of O. patagonica and a decrease in colony size of its
competitor Watersipora sp. (Fig. 3b). However during
summer, when the coral population undergoes bleach-
ing, with the loss of its zooxanthellae, it ceases to
grow and becomes susceptible to overgrowth by com-
peting species, in this case mainly by Watersipora sp.
(Figs. 3, 4).

The importance of colony size on the competitive
success of sessile organisms has been well documented
by Buss (1980), who demonstrated that larger colonies
possess higher competitive capabilities. However, the
opposite is true in competitive interactions between
O. patagonica and Watersipora sp.; since very small
(<12.5 cm2) colonies have a lower tendency to bleach
(Levin, Fine and Loya, unpublished data), they are
likely to avoid overgrowth by Watersipora sp. or even
overgrow it and win in competition.

During bleaching, reduced growth (Goreau and
Macfarlane 1990), calcification and repair capabilities
(Glynn 1993; Meesters and Bak 1993) may translate into
a reduced ability to compete for space with other or-
ganisms, such as algal turf, coralline algae, macroalgae,
sponges, bryozoans and tunicates (Glynn 1993; Hoegh-
Guldberg 1999). The growth rates of competing
O. patagonica colonies as presented in this study are
higher than those reported previously (Fine et al. 2001)
for non-competing colonies. A similar case was reported
for a bryozoan by Buss (1980). This suggests that a
higher than usual growth rate is needed to win compe-
tition. Indeed more resources (14C-labeled compounds)
were found to be translocated to the forward-growing
edges of O. patagonica (see also Taylor 1977). It also
suggests that when no competitors are encountered, the
colony will not use its maximal growth potential, and the
growth–reproduction trade-off (Loya 1976; Szmant-
Froelich 1985; Glynn 1993) will tilt towards investing

Fig. 5 Oculina patagonica. Average activity of 14C in the coral
tissues (CPM cm)2) recorded in non-bleached colonies (n=10),
with 20–40% bleached surface area (n=5) and colonies with
>40% bleached surface area (n=7) (solid bars coral tissue from
interaction borders, located 4–8 cm from the labeled site; dotted
bars coral tissue from sites opposite to the interaction borders, 4–
8 cm from the labeled site; open bars colony edges opposite to the
interaction zone). Average 14C activity recorded in the labeling area
(L) was 9087.8±2743.2 CPM cm)2, n=22. Background 14C
activity recorded in randomly sampled intact O. patagonica
colonies was 25.8±6.7 and 24.6±5.4 CPM cm)2, n=6, for non-
bleached and bleached intact colonies, respectively
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resources in sexual reproduction (increasing the number
of genets rather than increasing in size). An important
consequence of modularity is reflected in the colony’s
ability to continually re-allocate resources among its
units in response to environmental changes and various
stresses caused by biotic or abiotic factors. Intra-colo-
nial transport of organic compounds within hermatypic
coral colonies is in fact a well-known phenomenon
(Muscatine and Porter 1977; Taylor 1977; Muscatine et
al. 1981). Pearse and Muscatine (1971) have already
suggested that symbiont photosynthates are translocated
throughout the coral tissue towards regions of maximal
demand. In bryozoans too, newly developing zooids
at the colony edge are initially unable to feed and must
therefore be subsidized by feeding zooids in the center of
the colony (Harvell 1990). Miles et al. (1995) suggested
that translocation in a bryozoan is controlled by a
source-sink process: inner zooids act as source, while
zooids on edges act as sink.

The 14C-fixation rate and translocation recorded in
the present study for O. patagonica are much lower
then those recorded for reef coral species such as
Stylophora pistillata (Gattuso et al. 1993), Platygyra
lamellina and Favia favus (Oren et al. 1997) and Por-
ites sp. (Oren et al. 1998). This may imply to lower
metabolism of O. patagonica during the time of the
experiment and thus reduced uptake, or a weaker
alga–coral symbiotic relationship resulting in reduced
release of photosynthetic products by the algae.
O. patagonica showed translocation of 14C-labeled
materials toward regions of competitive interaction
(IZ) and also (although to a lesser extent) to other
zones of the colony (OIZ, CE). These results demon-
strate the ability of non-bleached O. patagonica colo-
nies to translocate photosynthetic products towards
areas of contact with competing neighboring organ-
isms. Furthermore, the fact that the interaction zone,
demonstrated significantly higher 14C activity when
compared with the opposite sites (OIZ and CE) indi-
cates that the translocation was oriented. These find-
ings coincide with our previous findings on
translocation of 14C-labeled materials towards regen-
erating areas in O. patagonica Fine et al. (2002).
Another noteworthy result that correspond with (Fine
et al. 2002) is that colonies with >40% bleached
surface area showed no translocation of 14C toward
the interaction zone (nor to other parts of the colony).
This may explain the inferior competition capabilities
demonstrated by bleached colonies of O. patagonica.
Colonies with 20–40% bleached surface area demon-
strated oriented translocation to the interaction zone,
but negligible translocation to OIZ or to CE. This may
imply preferential translocation toward regions of
competition, causing the colony to shut down trans-
location to non-competing edges and, hence, main-
taining life-preserving functions (i.e. preventing
overgrowth by competing neighbors).

In the present study we have shown that competitive
competence of O. patagonica is coupled with resource

translocation to the interaction zones. During bleaching,
lower metabolic capacity of the colony results in lower
resource translocation capabilities, explaining the alter-
nate competitive superiority or inferiority of O. pata-
gonica between and during bleaching events,
respectively.

We assume that the current competitive steady state
of O. patagonica, as shaped by the annual bleaching
events, may change in accordance with the frequency
and intensity of the bleaching events. Increasing inci-
dents and severity of coral bleaching in the future and
subsequent failures to out-compete other sessile organ-
isms might end up in the exclusion of the currently most
abundant coral species along the eastern Mediterranean
coast.

Acknowledgements We are grateful to N. Paz for her editorial as-
sistance and to O. Mokady for valuable remarks on an earlier
version of this manuscript. This research was supported by the
Raynor Chair for Environmental Conservation Research to Y.L.
and the Rieger Fellowship to M.F. All sampling and experiments
carried out during this study comply with the laws for protection of
nature of the State of Israel and were carried out under special
permits from the Nature Reserve Authorities.

References

Alino PM, Sammarco PW, Coll JC (1992) Competitive strategies in
soft corals (Coelenterata, Octocorallia). 4. Environmentally
induced reversals in competitive superiority. Mar Ecol Prog Ser
81:129–145

Bak RPM (1983) Neoplasia regeneration and growth in the reef
building coral Acropora palmata. Mar Biol 77:221–227

Bak RPM, Steward-Van Es Y (1980) Regeneration of superficial
damage in the scleractinian corals Agaricia agarites, Favia
purpuvea and Porites astroides. Bull Mar Sci 30:883–887

Barnes DKA, Rothery P (1996) Competition in encrusting Ant-
arctic bryozoan assemblages: outcomes influences and impli-
cations. J Exp Mar Biol Ecol 196:267–284

Brown BE, Suharsono (1990) Damage and recovery of coral reefs
affected by El Niño related seawater warming in the Thousand
Islands, Indonesia. Coral Reefs 8:163–170

Brown BH (1997) Coral bleaching: causes and consequences. In:
Lessios HA, MacIntyre IG (eds) Proc 8th Int Coral Reef Symp.
Smithsonian Tropical Research Institute, Balboa, Panama,
pp 65–74

Buss LW (1980) Bryozoan overgrowth interactions—the interde-
pendence of competition for space and food. Nature 281:475–
477

Buss LW, Jackson JBC (1979) Competitive networks: nontransitive
competitive relationships in cryptic coral reef environments.
Am Nat 113:223–234

Chornesky EA (1989) Repeated reversals during spatial competi-
tion between corals. Ecology 70:843–855

Connell JH (1961) The influence of interspecific competition and
other factors on the distribution of the barnacle Chtamalus
stellatus. Ecology 42:710–723

Crossland CJ, Barnes DJ, Cox T, Devereux M (1980) Compart-
mentation and turnover of organic carbon in the staghorn coral
Acropora formosa. Mar Biol 59:181–187

Dayton PK (1971) Competition, disturbance and community or-
ganization: the provision and subsequent utilization of space in
a rocky intertidal community. Ecol Monogr 41:351–389

Done TJ (1999) Coral community adaptability to environmental
change at the scales of regions, reefs and reef zones. Am Zool
39:66–79

994



Fine M, Zibrowius H, Loya Y (2001) Oculina patagonica: A non-
lessepsian scleractinian coral invading the Mediterranean Sea.
Mar Biol 138:1195–1203

Fine M, Oren U, Loya Y (2002) Bleaching effect on regeneration
and resource translocation in the coral Oculina patagonica. Mar
Ecol Prog Ser 234:119–125

Gattuso JP, Yellowlees D, Lesser M (1993) Depth- and light-
dependent variation of carbon partitioning and utilization in
the zooxanthellate scleractinian coral Stylophora pistillata. Mar
Ecol Prog Ser 92:267–276

Gleason MG (1993) Effects of disturbance on coral communities:
bleaching in Moorea, French Polynesia. Coral Reefs 12:193–
201

Glynn PW (1988) El Niño–Southern Oscillation 1982–1983: near
shore population, community, and ecosystem responses. Annu
Rev Ecol Syst 19:309–345

Glynn PW (1993) Coral-reef bleaching—ecological perspectives.
Coral Reefs 12:1–17

Goreau TJ, Macfarlane AH (1990) Reduced growth rate of Mon-
tastrea annularis following the 1987–1988 coral-bleaching event.
Coral Reefs 8:211–215

Guzman MG, Cortes J (2001) Changes in reef community structure
after fifteen years of natural disturbances in the eastern pacific
(Costa Rica). Bull Mar Sci 69:133–149

Harrison PL, Wallace CC (1990) Reproduction, dispersal and re-
cruitment of scleractinian corals. In: Dubinski Z (ed) Coral
reefs. Ecosystems of the world 25. Elsevier, Amsterdam,
pp 133–206

Harvell CD (1990) Density effects in a colonial monoculture: ex-
perimental studies with a marine bryozoan (Membraneopora
membranacea L). Oecologia 82:227–237

Harvell CD (1998) Genetic variation and polymorphism in the
inducible spines of a marine bryozoan. Evolution 52:80–86

Hoegh-Guldberg O (1999) Climate change coral bleaching and the
world’s coral reefs. Mar Freshwater Res 50:839–866

Kellogg RB, Patton JS (1983) Lipid droplets, medium of energy
exchange in the symbiotic anemone, Condylactis gigantea: a
model coral polyp. Mar Biol 75:137–149

Koh EGL, Sweatman H (2000) Chemical warfare among sclerac-
tinians: bioactive natural products from Tubastrea faulkneri
Wells krill larvae of potential competitors. J Exp Mar Biol Ecol
251:141–160

Kozlowski J, Wiegert RG (1986) Optimal allocation of energy to
growth and reproduction. Theor Popul Biol 29:16–37

Kushmaro A, Loya Y, Fine M, Rosenberg E (1996) Bacterial in-
fection and bleaching. Nature 380:396

Kushmaro A, Rosenberg E, Fine M, Loya Y (1998) Effect of
temperature on bleaching of the coral Oculina patagonica by
Vibrio AK-1. Mar Ecol Prog Ser 171:131–137

Lang JC, Chornesky EA (1990) Competition between scleractinian
reef corals—a review of mechanisms and effects. In: Dubinski Z
(ed) Coral reefs. Ecosystems of the world 25. Elsevier, Am-
sterdam, pp 133–206

Loya Y (1976) The Red Sea coral Stylophora pistillata is an r
strategist. Nature 259:478–480

Loya Y, Sakai K, Yamazato K, Nakano Y, Sambali H, Van
Woesik R (2001) Coral bleaching: the winners and the losers.
Ecol Lett 4:122–131

Meesters EH, Bak RPM (1993) Effects of coral bleaching on tissue
regeneration potential and colony survival. Mar Ecol Prog Ser
96:189–198

Miles JS, Harvell CD, Griggs CM, Eisner S (1995) Resource
translocation in a marine bryozoan: quantification and visual-
ization of 14C and 35S. Mar Biol 122:439–445

Muscatine L (1973) Nutrition of corals. In: Jones OA, Endean R
(eds) Biology and geology of coral reefs, vol 2. Academic, New
York

Muscatine L (1990) The role of symbiotic algae in carbon and
energy flux in reef corals. Coral Reefs 25:1–29

Muscatine L, Cernichiari E (1969) Assimilation of photosynthetic
products of zooxanthellae by a reef coral. Biol Bull (Woods
Hole) 137:506–523

Muscatine L, Porter JW (1977) Reef corals: naturalistic symbi-
osis adapted to nutrient poor environments. BioScience
27:454–460

Muscatine L, McCloskey LR, Marian RF (1981) Estimating the
daily contribution of carbon from zooxanthellae to coral ani-
mal respiration. Limnol Oceanogr 26:601–611

Muscatine L, Falkowski PG, Porter JW, Dubinsky Z (1984) Fate
of photosynthetically fixed carbon and light- and shade-adapted
colonies of the symbiotic coral Stylophora pistillata. Proc R Soc
Lond B Biol Sci 222:181–202

Nandakumar K, Tanaka M, Kikuchi T (1993) Interspecific com-
petition among fouling organisms in Tomioka Bay, Japan. Mar
Ecol Prog Ser 94:43–50

Oren U, Rinkevich B, Loya Y (1997) Oriented intra-colonial
transport of 14C labeled materials during regeneration in scle-
ractinian corals. Mar Ecol Prog Ser 161:117–121

Oren U, Brickner I, Loya Y (1998) Prudent sessile feeding by the
corallivore snail Coralliophila violacea on coral energy sinks.
Proc R Soc Lond B Biol Sci 265:2043–2050

Oren U, Benayahu Y, Lubinevsky H, Loya Y (2001) Extent of
coral colony integration during regeneration. Ecology 82:802–
813

Pearse VB, Muscatine L (1971) Role of symbiotic algae (zooxan-
thellae) in coral calcification. Biol Bull (Woods Hole) 141:350–
363

Peres JM (1967) The Mediterranean benthos. Oceanogr Mar Biol
Annu Rev 5:449–533

Porter JM (1974) Community structure of coral reefs on opposite
sides of the Isthmus of Panama. Science 186:543–545

Rinkevich B (1989) The contribution of photosynthetic products to
coral reproduction. Mar Biol 101:259–263

Rinkevich B, Loya Y (1984) Coral illumination through an op-
tic-fiber: incorporation of 14C photosynthates. Mar Biol 80:7–
15

Romano SL (1990) Long-term effects of interspecific aggression on
growth of the reef building corals Cyphastrea ocellina (Dana)
and Pocillopora damicornis (Linnaeus). J Exp Mar Biol Ecol
140:135–146

Sara M, Vacelet J (1973) Ecologie des demosonges. In: Traite de
zoologie, tome 3, fasc. 1. Spongiaires. Masson et Ce, Liberaire
de l’Academie de Medicine, Paris, pp 462–576

Sebens KP (1986) Spatial relationships among encrusting marine
organisms in the New England subtidal zone. Ecol Monogr
56:73–96

Stebbing ARD (1973) Observations on colony overgrowth and
spatial competition. In: Larwood GP (ed) Living and fossil
Bryozoa. Academic, London, pp 173–183

Stimson JS (1987) Location, quantity and rate of change in
quantity of lipids in tissue of Hawaiian hermatypic corals. Bull
Mar Sci 41:889–904

Sullivan B, Faulkner DJ, Webb L (1983) Siphonodictidine, a me-
tabolite of the burrowing sponge Siphonodictyon sp. that in-
hibits coral growth. Science 221:1175–1176

Swanson R, Hoegh-Guldberg O (1998) The assimilation of am-
monium by the symbiotic sea anemone Aiptasia pulchella. Mar
Biol 131:83–93

Szmant-Froelich AM (1985) The effect of colony size on the re-
productive ability of the Caribbean coral Montastrea annularis
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