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ABSTRACT: The skeleton of live coral Pontes lobata is regularly bored by euendolrthic algae (mostly
Ostreobium quekettu) and fungi, both commonly extending up to the very tips of newly produced
skeletal spines. The live polyp tissue of P lob& occupies a 4 to 5 mm thick surface layer of the corallum, within which new skeletal material is deposited. Thus, the endoliths do not constitute a separate
zone beneath the live polyps; rather, the polyp tissue and populations of endolithic algae and fungi of
significant densities co-exist and interact within the same layer. Aragonitic, hemispherical to conical
outgrowths protruding from the walls of structural pores were observed in skeletons of P lobata from
the barrier reef of Moorea Island, near Tahiti, French Polynesia. These protrusions were always associated with endolithic fungal hyphae attempting to exit from the skeleton into the space occupied by
polyps The polyps responded to such intrusions in a manner similar to the response of mollusks to
foreign bodies: by local deposition of dense skeletal material. As the fungus continued to penetrate
through this repair deposit, new layers of aragonite were added by the polyp, contributing to the
growth of the protrusions. Fungal hyphae rarely entered the pore spaces while these were still occupied by coral polyps. More often, the polyps escaped the fungus by moving upward, as a part of their
normal growth rhythm, evacuating the previously occupied skeletal pores Deprived of resistance, fungal hyphae penetrated through the cones and exited into emptied pore spaces. The conical structures
were affected by diagenesis differently than the intact skeletal carbonate. Both skeletal carbonate and
repair carbonate were subject to syntaxial diagenetic crystal growth, but they resulted in cements with
disparate crystal sizes. Septate fungal hyphae are common in coral skeletons as euendoliths, as cryptoendoliths in structural voids, and as endophytes inside filaments of endolithic algae. They were also
found inside soft coral tissue. Fungi may be opportunistic pathogens in corals under environmental
stress. Their activity, recorded and preserved in the coral skeleton, provides information on changes m
past conditions of coral growth.
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INTRODUCTION
Most works on corals concentrate on relationships
between coral animals, zooxanthellae and calcification
e . g . Pearse & Muscatine 1971, Chalker 1983). Less
attention is paid to other co-existing organisms, such
as phototrophic endolithic algae and heterotrophic
fungi that may interact with corals in interrelationships
other than symbiosis. Endolithic algae and fungi that
penetrate coral skeleton are of particular interest. Low
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Euendoliths

Microborers . Diagenesis

light intensities (Halldal 1968) and low and fluctuating
oxygen pressures (Shashar & Stambler 1992) within
coral skeleton render this environment an ecological
extreme, which only a few specialized organisms can
endure.
The presence of endolithic fungi in mollusk shells
has been known for more than a century (Bornet & Flahault 1889),and a number of papers discuss their taxonomic identity and ecological significance (e.g.Pulicek
1983, Porter & Lingle 1992, Hook & Golubic 1993).Less
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MATERIALS AND METHODS
information is available on identity, diversity and ecological roles of fungi in corals. Most reports on coral
Corals for this study were collected along the
diseases (e.g. Antonius 1981a, b, Goldberg & Makemson 1981, Rutzler et al. 1983, Goldberg et al. 1984) do
Tiahura transect in shallow lagoons at the NW coast of
the Pacific volcanic island Moorea, near Tahiti, French
not include fungi among coral pathogens. It is assumed
Polynesia (Le Campion et al. 1995: this issue). Fragthat their effect on the host is negligible, or that the
ments of the massive corals Porites lobata and P. lutea,
fungi in corals are saprophytes that exploit dead
including intact surface with underlying skeleton,
organic matter incorporated in coral skeletons by the
were collected and fixed in the field with 2.5% glucoral or produced by endolithic algae and cyanobacteria (Kendrick et al. 1982).
taraldehyde in sea water and cacodylate buffer (20 h,
pH adjusted to 8), postfixed in 2 % osmium tetroxide in
A successful isolation and culturing of higher,
sea water (2 h), and then gradually dehydrated in a
ascomycotic and basidiomycotic fungi from the skeletons of Atlantic and Pacific hermatypic corals
graded alcohol series. A number of these samples were
(Kendrick et al. 1982) allowed the first identification of
subsequently critical-point dried and examined under
fungal genera and species that were likely candidates
a scanning electron microscope (SEM) to observe the
fungi in pore spaces. A second set of samples was
for the known and widespread coral borers. Kendrick
et al. (1982)cultured 20 fungal taxa isolated from coral
transferred into araldite and hardened by polymerizareefs, documenting the presence and viability of funtion at 60Â° for 75 h (Golubic et al. 1970).Petrographic
thm sections were prepared perpendicular to the coral
gal propagules in this marine environment. A similar
surface and examined under a light microscope using
approach was used by Raghukumar & Raghukumar
transmitted and cross-polarized light. A subset of
(1991),who reported fungi associated with coral necroembedded blocks was cut open and partially or comsis. Both studies reported distribution of fungi inside
pletely etched with HC1 to remove the carbonate subcoral skeleton but did not establish fungal pathogenicstrate and expose the resin casts of euendolith borings,
ity. Bak & Laane (1987) reported dark discoloration
permitting the study of fungi within carbonate suband banding inside coral skeleton caused by fungi.
They also called attention to a possible active interstrate.
action between corals and fungi.
Various aspects of coral skeletogenesis have been
RESULTS
subject to a large number of studies (e.g.Barnes 1970,
Johnston 1980, Le Tissier 1990, 1991),but the effects of
Observations: euendolithic fungi and algae in corals
endolithic organisms that may interfere with normal
Euendolithc (sensu Golubic et al. 1981), i.e. microskeleton formation have rarely been considered.
boring, algae and fungi were found throughout the
Mechanisms of normal skeletal accretion in corals
coral skeleton, including the newly deposited skeletal
have been discussed in conjunction with seasonal varispikes (pali) at the growing front of the coral (Fig. 1).
ation of skeletal density (Barnes 1970, Barnes & Lough
1993), including rhythmic incremental upward displacement of
polyps in Porites lutea (Barnes &
Lough 1992).
The present paper reports on
growth of endohthic algae and
fungi that occurs withm the polyp
zone of the hermatypic coral Porites lobata, parallel and concurrent with skeletogenesis. It discusses the spatial and functional
interrelationship between endohthic fungi, algae and corals. In
addition, it documents a defense
response by corals to fungal invasion which leaves a permanent
Fig. 1. Pontes lobata. Columnar skeleton elements (spikes, or 'pali') built at the growmark in coral skeleton. Finally,
ing front by umt polyps of the coral. Each polyp constructs a cup-shaped arrangement
differences in early diagenesis
of concentrically placed spikes around a central 'columella' which later expand and
between intact and affected coral
interconnect laterally by horizontal elements ('synapticules'),seen deeper within the
skeleton. SEM stereo-pair; scale bar = 500 p m
skeleton are reported.
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Fig. 2 Pontes lobata Endolithic
algae and fungi in the skeleton of a
hve coral. (A) Side view through the
tip of a corallum spike, with tunnels
of the siphonal chlorophyte Ostreobium quekettii (0). ( B ) View through
a skeletal sliver adjacent to the polyp
zone. Surface of the skeleton (s) is in
contact with the polyp tissue (dark,
osmum-stamed). Inside the skeleton
are large branched tunnels of 0.
quekettu (o), and much smaller tun-'
nels of fungal hyphae (h).A skeletal
protuberance (c) enclosing a thin
fungal hypha is seen at the upper
left. Light micrographs; same magnification; scale bar = 10 urn

Both endolithic algae and fungi frequently extended
all the way to the tips of new spikes (Fig. 2A), Endolith density increased toward the lower end of the
polyp zone (Fig. 2B), which in the studied corals varied between 3 and 4 mm. This tendency then continued into the uninhabited portions of the coral skeleton
below, often culminating in a colored band (see Le
Campion-Alsumard et al. 1995). The endoliths were
dominated by the ubiquitous and cosmopolitan
siphonal chlorophyte Ostreobium quekettii Bornet et
Flahault ('0' in Fig. 2B), accompanied by smaller fungal hyphae ('h'). Fungal hyphae penetrated the carbonate matrix independently of 0. quekettii, producing their own perforations. However, the same fungi
frequently entered 0. quekettii borings, attacked the
alga and continued to grow and branch within algal
filaments (Fig. 3A, B; see also Lukas 1974). The tunnels of 0 . quekettii were variable in diameter, with
frequent widening and narrowing of the passages. In
the distal portion of the corallum they were 3.5 to
10 pm [mean Â SD (n) = 5.93 Â 1.28 (37)] in diameter.
In contrast, the tunnels of fungal hyphae were cylindrical, considerably less variable in diameter, i.e. 1 to
2.2 pm 11.48 Â 0.27 (49)], and no more than 2.5 pm
wide. Both algal and fungal filaments branched frequently.

The interior surfaces of pore walls were often beset
by numerous protrusions which extended from the
corallum wall mto the pore space ('c' in Fig. 2B). These
protrusions were mostly conical with rounded tips, and
were rarely attenuated to a point. The carbonate was
deposited externally by apposition, often exhibiting
stromatolite-like layering (Fig. 4A). These conical protrusions were numerous (Fig. 5),reaching densities of
1000 to 15 000 m m 2 . They were 7 to 18 pm [10.8 Â 2.0
(55)]wide at the base, and up to 20 pm [10.73 Â 3.28
(26)]high.
Each cone contained a fungal hypha; however,
within the region inhabited by polyps, the cones were
all sealed. The surface of the skeleton in this region
appeared intact when viewed under SEM (Fig. 5),
indicating that the endoliths were largely confined to
the interior of the skeleton and did not enter the pore
space or the soft coral tissue (see also Fig. 3a in Le
Campion-Alsumard et al. 1995). We examined the
conical carbonate protuberances above and below the
dissepiments that separated live coral tissue from
evacuated pore spaces below. Immediately below the
dissepiments, the cones appeared unchanged and
also showed similar distribution and densities to those
above the dissepiments. However, less than half a
mm below the dissepiment, the majority of cones
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Figs. 5 to 8. Pontes lobata. Calcareous protuberances (cones) on skeletal walls resulting from coral-fungus interaction in inhabited and uninhabited coral regions above and below the uppermost dissepiment.
Pore wall surface with numerous hemispherical to bluntly comcal protuberances adjacent to polyp tissue (p) None of the cones in the picture is perforated. Scale bar =
10 p.
Walls of evacuated pore spaces below the dissepiment (ca 4 mm below the surface), showing perforated cones with
protruding hyphae. In the absence of coral defense, fungal hyphae perforate the cones and profusely enter the pore space. Scale
bar = 10 p.
Fig. 7. Detail showing 2 cones with emerging fungal hyphae. The hyphae expand by turgescent swelling when exiting the carbonate cone. Scale bar = 10 p.
Fig.Closer view showing structural differences of skeletal carbonate (fractured, at
right) and repair carbonate (cone).The exposed crystal planes reveal the differences in grain size. SEM of critical-point-dried
preparation; scale bar = 5 pm

Septate fungal hyphae with larger diameters were
observed within the soft coral tissue, occasionally bearing conidia. Whether these fungi are identical with the
endolithic ones and represent successful invaders of
polyps through conical structures, or are an unrelated
group, could not be established.

Interpretation: dynamics of coral-fungus interaction
The interaction between microbial euendoliths and
polyps can be understood in the context of coral skeletal architecture (Fig. 1)and the rhythm of coral growth
(Barnes & Lough 1992).Skeleton formation is mitiated
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Figs. 9 & 10. Porifeslobata Distribution of fungal hyphae in corals. FigGrowth of fungal hyphae in empty pore spaces (cryptoendoliths) SEM of cntical-point-dned specimen, scale bar = 10 urn. Fig. 10. Euendohth distribution inside the carbonate substrate. The 'inside view' was produced by casting perforations in polymerizing resm, then dissolving the carbonate. Thinner filaments are tunnels of fungal hyphae ending m cones at the top. Larger ones are made by Ostreob~umquekettii. Scale bar = 10 pm

within the polyp tissue b y the formation of carbonate
nucleation centers, from which aragonite crystals radiate mto spherulitic aggregates called sclerodermites
(Barnes 1970). Sclerodermites fuse subsequently into a
skeletal network. In Porites spp. sharp, vertical spikes
(pall), concentrically arranged around a central columella, form at the growing front of each polyp (Veron
& Pichon 1982). They thicken b y continuing carbonate
apposition syntaxial with the initial sclerodermite fans,
and later become laterally interconnected b y horizontal bars or synapticulae (Barnes & Lough 1993). Coral
skeletogenesis and thickening proceed continuously
throughout the entire area occupied b y live polyps,
although carbonate deposition rates vary with seasons
(Barnes & Lough 1993). As a part of this process, the
polyps stretch upward, and they contract incrementally b y lifting their lower end upward. Each uplift of
polyps terminates with the formation of a horizontal
calcified dissepiment, which separates the 'living quarters' of the polyps from the underlying old, now uninhabited pore spaces.
Interactions between endoliths and polyps take
place only within the region inhabited b y polyps, but
the evidence of this interaction remains preserved in
the skeleton below i n the form of calcareous cones.
Small septate endolithic fungi, which apparently parasitize endolithic algae (Fig. 3), also attack the polyps.
T h e polyps are evidently able to detect the approach of

the fungus and to respond in a defensive manner. T h e
coral defense involves intensive carbonate nucleation
around the site of fungal penetration which results i n
formation of a layer of dense, fine-grained repair carbonate (Fig. 17, stages 1 and 2 ) . This deposit, however,
seems to b e no more o f an obstacle to fungal penetration than normal coral skeleton, so that fungal penetration contmues, and the process must b e repeated,
resulting i n layered growth of the protuberance
(Fig. 4A & Fig. 17, stage 3). T h e steepness of the cone
is determined b y the balance between fungal penetration and deposition rates of the repair carbonate.
Higher deposition rates k e e p the cones broadly hemispherical, whereas higher penetration rates result i n a
narrowing of the depositional field around the hypha,
ending i n a point. Each cone is, therefore,a site of confrontation between the fungus and the polyp. T h e fmgal penetration and polyp repair rates are roughly balanced, with a gradual 'retreat' o f the polyp tissue
occurring, accompanied b y the growth of the cone
(Fig. 5).T h e frequency of fungal attack and the ability
o f the polyps to detect and defend against it, as illustrated b y the number o f cones o n the pore walls,
imphes a parasitic rather than saprophytic role of fungi
in corals.
T h e polyps ultimately escape the invasion of
endolithic fungi b y their upward displacement and b y
sealing o f f the evacuated compartment with a dissepi-
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Figs. 11 & 12. Ponies lobata. Diagenetic syntaxial growth of skeletal carbonate. Fig. 11. Smooth-planed skeletal wall, formed in
contact with the calycoblastic polyp epithelium, is comprised of 'truncated' (across the c-axis) aragomte crystals. Scale bar =
10 urn. Fig. 12. Diagenetic syntaxial crystal growth continumg mto the pore space, located deeper within the coral skeleton than
the structure shown in Fig. 11. Fungal protuberances surrounded by acicular aragonite are characterized by much smoother
surfaces. Scale bar = 5 urn

ment. Deprived of resistance, the fungal hyphae
emerge from the cones, 'running into opened doors'
(Figs. 6 to 10; Fig. 17, stage 4). Their success, however,
is apparently short-lived: turgescent hyphae are found
only in the uppermost pore spaces; deeper in the coral
skeleton they deteriorate, leaving only the cones as
evidence of their past interaction with polyps.

Epilogue: fungi and coral diagenesis
Skeletogenesis in corals is most strongly subject to
biological control at the outset of the process, when the
specific location of sclerodermite nucleation centers is
determined, and at the end of the mineralization
process, when skeleton formation finishes upon contact with the calycoblastic tissue of the polyps (Johnston 1980). Finished pore wall is smooth, lined by
structural aragonite crystals that are 'truncated' across
their c-axes, ending with flat, 'planed off' (Constantz
1986a, b) crystal faces (Fig. 11).
Diagenesis of coral skeleton begins following the
upward withdrawal of coral tissue. Additional precipitation of calcium carbonate originates within structural
voids from carbonate-supersaturated pore waters. This
occurs by syntaxial continuation of skeletal crystal
growth (Ptitzold 1988). The crystals lining pore walls
continue to grow uninhibited along their c-axes

(Fig. 12),arranged in groups that reveal the fascicular
organization of the skeleton (Le Tissier 1990). In contrast, areas affected by fungal attack remain smooth
and appear darker in scanning electron micrographs
(Fig. 13).
The tips of the diagenetically altered skeletal crystals initially inherit their truncated prismatic morphology (Fig. 14, periphery), later assuming the pointed
crystal morphology of acicular aragonite, whereas the
cones remain unchanged, each comprised of and surrounded by smooth repair carbonate (Fig. 14, center).
Apparently, the repair carbonate resists diagenetic
crystal growth longer than normal skeletal carbonate.
Diagenetic syntaxial growth ultimately resumes on
smooth areas of the repair carbonate as well, but this
growth is characterized by the generation of fine,
sharply pointed aragonitic needles (Fig. 15).The presence of a still-turgescent hypha exiting from a cone
surrounded by newly grown fine acicular crystals
(Fig. 16) implies a very early onset of diagenesis in
coral skeletons.
The process of fungal-coral interaction can be summarized as follows (Fig. 17, stages 1 to 5). When an
endohthic fungal hypha approaches the skeletal surface of an inhabited pore (stage I ) , it is detected by the
polyp, which responds by initiating carbonate nucleation. A coating of dense repair carbonate is precipitated around the point of hyphal attack (stage 2). As
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Figs. 13 to 16. Pontes lobata. Diagenetic syntaxial growth on repair carbonate. Fig 13. View of the interior of a skeletal pore
showing bundles of didgenetically grown skeletal aragonite, with smooth areas of repair aragonite (darker region) deposited in
response to fungal attack. SEM of a bleached skeleton; scale bar = 10 urn. Fig 14. Top view of a fungal cone surrounded by a
'halo' of dense repair carbonate, where syntaxial crystal growth is delayed. Syntaxial growth of normal skeletal carbonate is seen
peripheral to the smooth repair carbonate. Scale bar = 5 urn. Fig. 15. Side view of a group of fungal cones beset with fine aragonlte needles starting to grow syntaxially from densely deposited repair carbonate, Scale bar = 5 pm. Fig. 16. A cone with protruding fungal hypha surrounded by fields of fine aragonitic needles syntaxially growing from an area of repair carbonate. Scale
bar = 5 pm

the hypha continues to penetrate the repair coating,
the process is repeated by adding more carbonate layers (stage 3), resulting in growth of a calcareous protuberance or cone. Following upward withdrawal of
polyp tissue, fungal hyphae successfully penetrate the
repair carbonate, exit the skeleton and enter the now

emptied pore space (stage 4). The patterns of diagenetic carbonate precipitation that follow are different
for the original (intact) pore wall surfaces and for the
repair carbonate (stage 5),leaving a preserved record
of fungal boring intensity during the period of active
skeletogenesis.

Le Campion-Alsumard et al: Fungi in corals

Fig. 17 Schematic presentation of the interaction between
endolithic fungi and Pontes lobata, and its diagenetic consequences. Stages 1 to 3 fungal penetration, and subsequent
coral response by deposition of layers of repair carbonate.
Stage 4 exiting of fungal hyphae into pore space following
upward evacuation of coral tissue Turgescent swelling accompanies release from confinement by the skeleton.Stage 5:
difference in diagenetic syntaxial crystal growth between
intact pore wall areas (large crystals) and areas of repair
carbonate (smallcrystals)

The progression of early diagenesis varies considerably from one pore space to the next, resulting in discrepant crystal lengths in neighbormg pores. Acicular
aragonite crystals up to 50 urn long, virtually filling the
pore space, are found only 25 mm below the growing
coral front. At the growth rates measured for the
Ponies lobata in Moorea, this diagenetic stage is
achieved within 2 to 3 yr.

DISCUSSION

The present study established the abundant presence and autochthonous growth of fungi in Pontes
lobata. Septate fungal hyphae were found to be common in corals and assumed the following ecological
roles: as euendoliths they penetrate coral skeleton; as
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cryptoendoliths they reside within pore spaces; and as
endophytes they grow inside filaments of endolithic
algae. In addition, fungi were found inside the soft
coral tissue, where they produced conidia in situ. A
successful isolation and culturing of higher, ascomycotic and basidiomycotic fungi from the skeletons of
Atlantic and Pacific hermatypic corals (Kendrick et al.
1982) permitted the first identification of fungal genera
and species that were likely candidates for the common coral borers, and identification of other autochthonous fungi, but a direct relationship between these isolates and their natural niches within corals could not be
established. Kendrick et al. (1982) reported the growth
of 20 taxa belonging to 12 genera and representing
18 species of omnivorous, saprobic, dicaryomicotan
anamorphous fungi. However, these fungi produced
conidia only in culture.
The present paper disclosed that endolithic fungi
elicit defensive behavior on the part of the coral, indicating a parasitic rather than saprophytic relationship.
Endolithic fungi also attack and enter filaments of
endolithic algae; however, the possibility that fungal
infection took place after the death of the alga could
not be excluded in the present study.
Formation of conical carbonate structures has been
reported earlier for species of the corals Colpophyllia
and Monastrea by Scherer (19?4),who observed 25 to
35 pm wide and 30 to 50 pm high cones rising from
pore walls. Those structures, about twice the size of the
cones reported in this paper, were attributed to
endolithic algae rather than fungi. Scherer speculated
on the mechanisms that might have caused precipitation by algae, but did not consider that the deposition
might be a response of the coral to endolith action.
The present paper demonstrates that the formation
of carbonate cones in conjunction with fungal attack
takes place only within the region inhabited by
corals. This deposition involves new crystal nucleation and is analogous to pearl formation in mollusks,
where the animal responds to, and isolates, the
foreign body by carbonate deposition. The present
paper also shows that the cones grow externally by
apposition, pointing to the surrounding polyp tissue
as the source of added carbonate. Any bioerosional
damage that occurs subsequent to the upward displacement of polyps remains unchallenged. In that
sense, the skeletal and the repair carbonate are vu-tually syndepositional.
Constantz (1986a)recognized the existence of skeletal nucleation on corallum surfaces in addition to that
initiating sclerodermite centers. He described 'spines,
dentations, and granulations', but considered these to
be part of normal skeletal growth in corals, associated
with intersections of trabecular axes. His illustrations
(Fig. 2E, F), however, show cones similar in shape and
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size to those formed in response to fungal attack as
demonstrated in the present work.
A response of gorgonian corals to penetration of
green algae that triggers proliferation of organic skeletal tissue and tumor formation has been reported by
Morse et al. (1977) and was later studied by Goldberg
& Makemson (1981) and Goldberg et al. (1984).
Increased calcification accompanied this response,
resulting in a higher density of carbonate spicules
inside tumors.
The present study demonstrates that differences in
primary skeletal crystallization patterns between
intact skeletal carbonate and the repair carbonate
associated with fungi and cone formation persist
through diagenetic alterations. Intact pore walls and
surfaces of repair carbonate are both subject to syntaxial growth of diagenetic carbonate, but the results are
fibrous crystals of vastly disparate sizes. Diagenetic
precipitation on intact pore walls produces syntaxial
growth of large acicular aragonite crystals that conforms with the mineralogy of the original spherulitic
sclerodermite units of coral skeleton (Constantz 1986b,
Patzold 1988). We observed similarly syntaxial diagenetic crystal growth on dense repair carbonate.
However, the latter occurred after a delay and resulted
in the formation of much finer aragonitic needles
(Figs. 15 & 16; Fig. 2F in Constantz 1986b).We agree
with Constantz' conclusion that these fine fibrous aragonite crystals, shown to emanate from the tips of the
cones, are abiotically controlled, 1.e. diagenetic in origin; they reflect, however, past biological interactions.
Patzold (1988) reported advanced diagenetic carbonate precipitation localized within skeletal voids,
which were often filled with large aragonite needles
exceeding 50 urn length. These occurred under marine
conditions 80 to 100 yr after the death of the coral.
Advanced diagenetic alteration occurring within 10 to
12 yr after coral death was reported by Potthast (1992).
We could demonstrate similarly advanced stages of
diagenesis in isolated intraskeletal mcroenvironments, that developed within 2 to 3 yr following skeletogenesis. No Mg-calcite coating (Patzold 1988) was
observed in our samples, suggesting a later diagenetic
origin of this mineral phase (see Hook et al. 1984).
Uneven diagenetic rates in coral skeletal pores seem to
be the norm. As Porites constructs its skeleton 'floor by
floor' (Barnes & Lough 1993) it creates compartments,
which act as separate microenvironments of diagenesis. Carbonate precipitation that ensues after the evacuation of the pores by the polyps may, therefore, proceed at locally different rates, resulting in uneven
changes in corallum density. Microbioerosion of coral
skeleton, on the other hand, may act in the opposite
direction, by increasing the permeability of skeletal
walls. These facts need to be considered in interpreta-

tions of stable isotope and trace metal distribution in
corals.
Patzold (1988) reported that 'infestation of the coral
by boring algae initiates very early carbonate cementation of the intraskeletal voids'. We observed intensive and very early initiation of fibrous cement in pore
spaces that was definitely not associated with algal
borings.

CONCLUSION

Under normal growth conditions a balanced hostparasite equilibrium between corals and fungi may
become established. We hypothesize, however, that a
disturbance of such equilibrium, caused for example
by environmental stress, may result in an increase in
the frequency of fungal attack. It is conceivable that,
like algae, endolithic fungi represent normal inhabitants of coral reefs, inflicting little or no damage on
healthy corals. However, like opportunistic pathogens
in humans, these fungi (and other bioeroding organisms) may become an important factor in damaging
corals weakened by environmental stress. The distribution of compact repair aragonite withm coral skeleton
which forms in response to fungal attack may, therefore, be a good indicator of overall coral health at the
time of skeleton formation.
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