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Westerville, OH 43081
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ABSTRACT

Coral reef bioerosion studies on experi-
mental substrates through time find that grazing
bioerosion is an order of magnitude greater than
macroboring bioerosion. Geologists working on
fossil reefs, on the other hand, have focused pri-
marily on boring bioerosion, largely ignoring
grazing which can be more difficult to measure.
Here, I assess the relative effects of grazing, mac-
roboring, and encrustation in a well preserved
Pleistocene reef, Curagao, Netherlands Antilles.
Taphonomic data from windward reef crest, back-
reef flat, lagoon, and leeward reef crest facies all
suggest that grazing bioerosion was very low.
There is a low incidence of surface pitting on the
reef, and surface features such as the corallite col-
lars of Acropora are well preserved. Boring is
estimated to have been <10%, which is similar to
rates reported in modern reefs. Encrustation, pri-
marily by coralline algae, is pervasive, occurring
in crusts up to 30 mm thick on Acropora palmata
trunks, and encasing A. cervicornis rubble that is
sometimes only preserved via bioimmuration on
the inner surface of algal rinds. The absence of
grazing probably reflects high live coral cover on
the living reef, and an overestimation of the im-
portance of grazing in many coral reef settings.

INTRODUCTION

Reefs form where carbonate framework is
produced faster than it is removed by either
physical transport or the erosive effects of organ-
isms. When Neumann (1966) first proposed the
term “bioerosion” for this latter process, he em-
phasized that both scraping (external) and boring
(internal) bioerosion were important to the reef--
but the subsequent geological study of bioerosion
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has focused almost exclusively on the study of
borers (e.g., Palmer and Plewes 1993; Perry,
1996, 2000; Weidlich, 1996; Vogel et al., 1987).
This is no doubt in part because boring traces are
preserved as discrete voids within carbonate sub-
strate and are easy to quantify in fossils. Quanti-
fying the removal of material from the exterior of
a surface, as occurs in grazing, is more problem-
atic since successive grazing events remove the
evidence of previous events and thus have the pri-
mary effect of decreasing substrate size.

The current geological focus on internal
bioerosion is at odds with most experimental stud-
ies of bioerosion on modern reefs that have found
that the intensity of grazing bioerosion is an order
of magnitude or more greater than macroboring
(Kiene and Hutchings, 1994; Chazottes et al.,
1995; Pari et al., 1998). Although, quantifying
grazing in fossil reefs is probably inherently im-
possible if grazing is intense, it is relatively sim-
ple if grazing is low. I propose that grazing on
fossil reefs can be evaluated using original coral-
lite topography, since external scraping will
quickly obliterate any characteristic corallite mor-
phology. This paper addresses grazing prevalence
across several different facies of a Pleistocene
fossil reef in Curagao. The observed low rates of
grazing bioerosion in the Pleistocene of the Car-
ibbean suggest a need to re-evaluate experimental
results, at least as they apply to the Caribbean
prior to human impact.

Geological Setting

Curagao, Netherlands Antilles, lies ap-
proximately 60 km north of Venezuela and is
composed of a Cretaceous diabase core that was
subsequently covered around the margins by car-
bonate reef deposits. Slow regional uplift (.06
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m/1000 yr over the last 1-200 kyr, Schellmann et
al., 2004) has resulted in 5 raised carbonate ter-
races around most of the island (Figures 1, 2).
The top of the Lower Terrace (de Buisonjé, 1974)
sits 10-12 m above sea level and is composed of a
lower Cortalein Unit (216 Ka) and an upper Hato
Unit (122 Ka) (Schellmann et al., 2004). The
semi-arid climate results in little diagenetic altera-
tion (Bries et al., 2004); and the infrequency of
hurricanes has resulted in a high percentage of the
corals remaining in life position and compara-
tively little rubble making up the reef interior
(Meyer et al., 2003). The reef corals and con-
stituent grains suggest that there has been little
mixing within environments and that several well
preserved reef facies are exposed (Pandolfi and
Jackson, 2001; Pandolfi et al., 1999). Together,
previous work (and this study) suggests that Cura-
¢ao fossil reefs preserve a high level of ecological
integrity and will give an accurate reflection of
coral reef processes that occurred within the living
reef community.
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METHODS

Bioerosion information was collected on
the Curagao Pleistocene (123 Ka) reef within 4
reef facies: windward reef crest, windward back
reef, windward lagoon, and leeward reef flat.
Two representative sites of each facies were cho-
sen within the Hato Unit along the northwest end
of Curagao (Figures 3, 4, Table 1). The top of the
Hato Unit forms the distinct Lower Terrace whose
oceanward edge is marked by a sea cliff that rises
from about 10 m below sea level to about 10 m
above sea level. Because there is no recent reef
along the windward coast (van Duyl, 1985), large
waves pound the terrace, making its edge largely
inaccessible. The fossil reef interior is only ac-
cessible at infrequent “bocas”™ that cut perpendicu-
lar to shoreline and expose cross-sectional views
of the reef interior up to 100 m long in cliffs along
both sides of the cut. Although bocas occur at
mouths of intermittent stream channels, their ori-
gin remains a “problem” (Scheffers, 2004).

East

Windward

Upper Terraces
<2mya

123 ka Hato

L 216 ka
Cortalein

~600 meters

Figure 1. Generalized cross-section through the north end of Curagao during the Pleistocene. Note
that Pleistocene reefs and limestones rest on the Cretaceous volcanic bedrock in several discrete ter-
races. The Lower Terrace is composed of the upper Hato Unit (123 Ka) and the underlying Cortalein
Unit (216 Ka). Windward reef development is far more extensive than leeward. Facies examined in-
clude 1) windward reef crest, 2) windward reef flat, 3) lagoon, and 4) leeward reef crest. Subsequent
uplift has elevated the Hato Unit (and upper Cortalein) above modern sea level.
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Figure 2. Pleistocene reef terraces, Curagao

2l

. View southwest from coast, 5 km north of airport. Pho-

tograph taken from the top of Lower Terrace (123 Ka) approximately 10 m above sea level. Limestones
of the Middle Terrace 1 are 400 Ka (Schellmann et al., 2004) and ages of higher terraces are poorly

constrained.

Windward reef facies occur along Cura-
¢ao’s eastern shore and consist of a well-
developed Acropora palmata crest that pre-
serves many large spectacular colonies in life
position (Figure 3A). Landward of the crest is
an apparently lower energy reef flat facies in
which dome-shaped colonies of massive coral
(i.e. Siderastrea, Diploria, Montastrea annu-
laris) and large colonies of the extinct organpipe
species of Montastrea (Pandolfi et al., 2002) are
preserved (Figure 3B-D). Between the wind-
ward reef and the volcanic shoreline, lagoon de-
posits are sometimes preserved. These facies
have a carbonate mud matrix and preserve
highly encrusted coral rubble (Figure 3E). Nu-
merous large conch (Strombus gigas) shells
(Figure 3F) suggest ancient seagrass beds.

Leeward reef deposits are preserved on
the western side of Curagao and represent a well
developed leeward reef flat containing in situ
fine branching corals such as Acropora cervi-
cornis and Pocillopora cf. palmata (Figure 3G,
H), and various massive coral heads (e.g., Dip-
loria, Montastrea).
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In each of the reef facies, taphonomic/
bioerosion information was collected for 20
samples in each coral-form category, as limited
by coral occurrence.

Growth form categories were chosen to
allow comparisons between facies with different
species composition. The two Acropora species
(4. palmata and A. cervicornis) were deemed
significantly different from other morphologies
and were therefore examined as their own cate-
gories. For 4. palmata, separate data was col-
lected for upright colonies and rubble in order to
examine the effect of breakage and transport on
taphonomy. All 4. cervicornis were considered
to be potentially rubble because of the difficulty
in determining life position for this coral. Mas-
sive corals were primarily hemispherical domes
including Diploria strigosa, Diploria labyrinthi-
Jormis, Colpophyllia natans, Montastrea caver-
nosa, and Siderastrea siderea. Montastrea an-
nularis, a lumpy massive species, was also in-
cluded here. The branching coral category in-
cluded primarily organ pipe Montastrea in
windward sections and organpipe Montastrea
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H F

Figure 3. Examples of four Curagao reef facies. A and B, windward reef crest facies : A) In situ A.
palmata, B) Large organ pipe Montastrea colony. C and D) windward back reef facies: C) Coralline
algae crust on Diploria strigosa, D) Montastrea annularis with macroboring. E and F) windward la-
goon/sea grass facies: E) heavily encrusted Porites rubble, F) Numerous Strombus gigas. G and H)
Leeward reef flat facies. In situ A. cervicornis (G) and Pocillopora (H). Scale bar 1 m, Lens cap 7 cm.
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and Pocillopora in leeward sections.

At each site, a 30 m transect line was
laid out horizontally on the outcrop and corals
of particular growth forms were examined along
the transect. If less than 20 colonies of a par-
ticular growth form were encountered, addi-
tional colonies were sought within 1 m above
and below the transect, or a second transect at
the same height was positioned on the opposite
wall of the Boca in an effort to reach 20 colo-
nies. Specimens of A. cervicornis were col-
lected and returned to lab for analysis.

Each coral colony was first examined for
its orientation in 15 degree intervals (life posi-
tion = 0, on side=90). Next, the average thick-

Table 1. Study site with four reef facies. Letters in parentheses refer to site letters in Figure 4.

ness of encrustation (almost entirely by coralline
algae) was recorded in mm, and the % cover of
bioerosion was estimated from the cross sec-
tional area in outcrop, and by searching the ex-
posed colony surface. This measure is consid-
ered a minimum estimate, since encrustation
and lack of exposure makes macroboring diffi-
cult to estimate in some situations. Finally, the
external surface of the coral was examined for
signs of pitting that could have been attributed
to grazing and external bioerosion. The percent
cover of the pitted or irregular surface was esti-

mated and recorded.

Facies Locality Growth Forms
WW Crest Boca Un (C) A. palmata, in situ, N=20
A. palmata, rubble, N=20
domes, N=20
branching (Montastrea), N=20
A. cervicornis, N=16
Boca Degu (A) A. palmata, in situ, N=20
A. palmata, rubble, N=20
domes, N=20
Back Reef Boca Un (C) branching (Montastrea), N=20
domes, N=12
A. palmata, rubble, N=20
A. cervicornis, N=16
Boca Degu (A) branching (Montastrea), N=16
domes, N=16
Boca Plate (B) A. cervicornis, N=20
Lagoon Boca Mansalina (B) Porites, A. cervicornis, N=10
Leeward Punta Halvedag (F) A. palmata, in situ, N=20
A. palmata, rubble, N=24
domes, N=23
branching, N=13
Playa Lagun (E) A. palmata, rubble, N=22
domes, N=20
branching, N=21
Wamaloa (D) A. cervicornis, N=15
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In the lab, 4. cervicornis specimens were
assigned a taphonomic grade based on their sur-
face texture (5= pristine, 4= corallite collars
present, 3= corallite collars mostly gone, surface
texture more or less smooth, cylindrical, 2=
corallum wall eroded/pitted on one side, 1= pit-
ting on more than one side). Specimens were
then cross-sectioned in three cuts and the aver-
age percent of skeleton missing was recorded.
Maximum thickness of encrustation (coralline
algae) was also measured in cross-section and
considered a minimum estimate, since encrusta-
tion and lack of exposure makes macroboring
difficult to estimate in some situations. Finally,
the external surface of the coral was examined
for signs of pitting that could have been attrib-
uted to grazing and external bioerosion. The
percent cover of the pitted or irregular surface
was estimated and recorded.

Figure 4. Study sites along northwest end of
Curagao. Letters refer to sites in Table 1.
RESULTS
Colony Orientation

80-94% of coral colonies in windward
and leeward reef settings were preserved in up-
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right position (Figure 5). The high in situ rate-
for corals was true for massive coral heads and
large branching colonies such as organ pipe
Montastrea. Even examples of in situ vertically
oriented 4. cervicornis were seen in outcrop
(Figure 3G).

Encrustation

Encrustation by coralline algae was the
rule at all sites (Figure 6). More than 80% of
the colonies of most coral types were encrusted
with coralline algal crusts between 3 and 10 mm
(Figure 7). The exception was in situ A. pal-
mata colonies in the reef crest zone that were
coated, on average, by crusts 30-40 mm thick.
Rubble from A. palmata and A. cervicornis were
not more heavily encrusted than in in situ colo-
nies.

One interesting result of the intense en-
crustation of most corals is that in some settings
the coralline crust is better preserved than the
coral and at times the coral itself has been lost.
In these cases the coral’s presence can be in-
ferred from the encrusting algae’s internal sur-
face which is in effect an internal mold of the
coral surface (Figure 8). This effect is termed
bioimmuration (Taylor, 1990).

Boring

Most coral substrates examined did not
have extensive boring bioerosion (Figure 9).
Less than 20% of specimens of most facies and
growth forms showed any boring, and most
specimens that were bored had less than 10%
bioerosion. The highest incidence of boring oc-
curred in A. palmata rubble, and the least oc-
curred in branching corals.

A. cervicornis rubble, measured in cross-
section also showed a relatively high incidence
of boring bioerosion (Figure 10), although rates
of bioerosion were low (<10%).
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% of Colonies in Life Position
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Figure 5. Orientation of massive coral heads
and branching colonies. Very few were toppled,
suggesting little storm reworking.

Algal Encrustation

-

T TR

90 N b
2 ol NATEH
s 5 % ~l ¥ O heads

~ v 3

3 6 §a= ¥ M branching
-g 50 %ﬁ. E_, B In situ Paimata
§ TN O Paimata rubble
5 ¥ %a. 27 B Cervicomis rubble|
= 2THNAHE

10 \\N R. L ¥

o [ LIN-B

ww Lagoon LW reefl
backreef

Facies

WW crest

Figure 6. Percentage of coral colonies of vari-
ous types that were encrusted with coralline al-
gae. In all environments, most substrates were
encrusted.

Average Maximum Encrustation Thickness

O heads

B branching

D Palmata

O Palmata rubble
B Cervicomis

Aver. Coralline Thickness
inmm
cucnlh8ks

Facies

Figure 7. Algal thicknesses on various sub-
strates and in various facies. Thicknesses (in
mm) are the average of the maximum thick-
nesses of each coral piece.
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Figure 8.

Examples of bioimmuration.
Coralline algal ring remaining after A. cervi-
cornis is dissolved (lefi), inside view of ring
showing impressions of corallite necks (right).
B) Impression of A. cervicornis left in coralline
algae in the outcrop.

4)

External Bioerosion

There was little evidence for the removal
of the outer wall of the coral colonies as would
be expected through scraping and biting during
grazing or physical abrasion. The incidence of
pitting of the external coral wall was low (<
20%, Figure 11). In situ A. palmata were the
least pitted and leeward coral heads had the
greatest frequency of pitting, although even here
the pitting was generally over only a small pro-
portion of the coral surface.

Taphograde analysis of A. cervicornis
also suggests a low incidence of grazing (Figure
12). Grades 4 and 5 preserve the fragile coral-
lite collars and thus indicate little external bio-
erosion. Grade 3 likewise shows some original
surface texture and contains no pitting of the
surface. Grades 1 and 2 indicate external ero-
sion from either biological or physical (e.g.,
abrasion) processes. The greatest incidence of
pitting is 40% in the windward reef crest setting,



The 13" Symposium on the Geology of the Bahamas and other Carbonate Regions

and the least is in the lagoon where heavy coral- bioerosion.
line encrustation apparently limited external
Branching
Coral Heads
100
o0 100
80 4—
70 3 ®
50 4—
<0 4 ; 40
30 41— p—
-H ; 0
10 0 — A . & |
VA ..
0+ — - - T » noboring 1t05% 6-10% 111020% >20%
noboring 1t05% 68-10% 11t1020% >20% % of skeloton romoved by bioerosion
. A. palmata- rubble
A. palmata- In situ

100 100
00 1 %0
0 - 80
70 1 70
60 - 60
50 4+ 50
40 1 40
30 1~ 30
1 ® ;b:[ﬂ:@ﬁ

| ] 10 4
1: . Z B / . o A 0

noboring 1t056% 6-10% 11t020% >20%

noboring 1t05% 6-10% 11t020% >20%

Figure 9. Boring incidence and intensity in various growth forms and facies. White bars are windward
reef crest, black bars are windward back reef, and striped bars are leeward reef. Most branching and
head colonies have > 80% of specimens without evidence of internal boring. Those that were bored
typically had <10% bioerosion. A. palmata rubble had a higher incidence of bioerosion, but it was still

low.

Macroboring of A. cervicornis rubble

80
70
" Svwo
40 B WWhback reef
30 o Lagoon
20 B LWreef
10 4 i

0. A el

% w ith borers Average
bioerosion (%)

Figure 10. Boring in A. cervicornis rubble, examined in cross-section. Rubble from leeward reefs had
a greater incidence of boring than other facies, but the % of bioerosion was <10% in all facies.
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% of colonies without obvious surface bioerosion
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Figure 11. Incidence of external bioerosion on
in various substrates and facies.

Taphogrades of A. cervicornis rubble
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ww reef lagoon
Reef Facle%oo
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Figure 12. Taphograde analysis of A. cervicor-
nis rubble. Grades 3-5 (pristine) preserve sur-
face texture and indicate little external bioero-
sion.

DISCUSSION

Little external (grazing) erosion of most
coral colonies was evident from the low inci-

dence of surficial pitting and the preservation of
fine corallite morphology (e.g., the thin tubes of

Acropora polyps). This data, coupled with the
near ubiquitous encrustation by coralline algae
suggest that grazing bioerosion was rare in
Curagao Pleistocene reefs.

Possible explanations for why these re-

sults are apparently at odds with the results of

most experimental studies may include the loss
of grazing evidence in the fossil record, differ-
ences in setting from previous studies, and an
over-estimation of the importance of grazing
bioerosion in previous experimental studies.
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Geological Biases

It is unlikely that the Curagao Pleisto-
cene provided a highly biased measure of graz-
ing excavation because the coral surfaces were
so well preserved. Post-mortem reworking, bur-
ial, and diagenesis may all degrade coral surface
texture, creating a potential taphonomic bias
towards greater, not lesser, external bioerosion.
In addition, although external scraping can de-
stroy the evidence of previous grazing bioero-
sion, the lack of highly bored surfaces suggests
that substrates were not reduced in size until ul-
timately being removed from the fossil record.

Some types of grazing bioerosion are
more difficult to evaluate and will probably be
generally overlooked in fossil studies. For ex-
ample, many parrotfish take bites of live coral
skeleton, and this bioerosion is rapidly masked
by coral regeneration (Henry and Hart, 2005).
The magnitude of this type of external bioero-
sion has not been quantified but is expected to
be small since corallivory by Caribbean parrot-
fish is less than 10 bites/m*/day, and makes up
generally <1% of parrotfish bites (Rotjan and
Lewis, 2006).

Bioerosion of coralline algae crusts is
also difficult to evaluate in the fossil record.
While the net rate of coralline algal growth on
the reef was positive, this does not imply an ab-
sence of algal grazing; parrotfish and echinoids
would certainly remove some of the gross coral-
line algae production. While it is possible to
evaluate coral bioerosion in fossil studies, it is
difficult or impossible to estimate bioerosion of
coralline algae or other secondary substrates in
fossil studies.

Importance of Grazing Bioerosion

Low rates of grazing in this fossil study
could simply reflect that the living reef had a
very high proportion of live coral cover, and
most external bioeroders (with the exception of
some parrotfish, as mentioned above) scrape
substrates other than live coral. On the other
hand, the high incidence and thickness of coral-
line algae encrustation on corals in all
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environments suggest that the colonies were ex-
posed for a period of time prior to burial. The
absence of substantial grazing during that inter-
val requires a different explanation. I suggest
that grazing is less important than has been gen-
erally reported.

The presumed high importance of graz-
ing vs. boring bioerosion can be attributed to
studies that took cut blocks of Porites and fas-
tened them to hard reef substrates and moni-
tored the experimental blocks through time
(e.g., Kiene and Hutchings, 1994; Chazottes et
al., 1995; Pari et al., 1998). Studies that have
used more natural substrates have received less
attention but have found that boring, rather than
grazing, is generally greater. For example, natu-
rally killed acroporid colonies showed little evi-
dence of external bioerosion after 9 months, ex-
cept for what was attributed to wave breakage in
fragile plate colonies (Musso, 1992). Coral
bleaching has also provided “natural” experi-
ments of bioerosion of entire coral colonies.
Results from Belize (Lescinsky, 2004) and the
Indian Ocean (Sheppard et al., 2002; Zahir,
2002; Schuhumacher et al., 2005) have found
boring to be intense after 1-5 years, and that
coralline encrustation, rather than surficial ero-
sion was observed.

It is unclear why cut-block and “natural”
bioerosion studies have yielded such different
results, although differences in the type of sub-
strates examined may play a part. Whereas
“natural” studies have focused primarily on
branching colonies and coral rubble, the cut-
block studies have focused on reef framework
independent of individual coral colonies. This
study, however, examined various coral growth
forms in several different shallow facies and
found few differences, suggesting that the ob-
served patterns were generally applicable across
the Pleistocene reef. Deeper reef zones were
not preserved, but can be expected to have had
even lower rates of grazing bioerosion, based on
the well-documented trend towards decreasing
grazing bioerosion with depth (e.g., Kiene and
Hutchings, 1994; Bruggemann et al., 1996).

It is possible that cut-block studies over-
estimate grazing bioerosion because they focus
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on a type of substrate that is relatively rare on
the reef--a clean, dead, immobile hard surface.
While such surfaces do occur on reefs (e.g., a
single freshly bleached coral head), they are
probably not the norm. When these types of
substrates occur en mass, as during a regional
bleaching event, the extensive area of available
substrate may overwhelm grazers leading to a
prevalence of encrustation and ultimately boring
(Sheppard et al., 2002; Lescinsky, 2004).

In reefs with high live coral cover, such
as the Pleistocene reef in this study, it is prob-
able that much of the coral death occurs in
lower, older parts of the colony that are shaded
and experience higher sedimentation. Although
no studies have quantified bioerosion in the
coral understory vs. exposed flat surfaces, sev-
eral observations suggest that grazing bioero-
sion in crypts is minimal. For example, bio-
eroding sea urchins are most common on par-
tially alive coral colonies and are absent from
patches of rubble and fine sediment (Bak, 1990)
and in parrotfish, bioerosion rate is strongly tied
to fish size. Smaller parrotfish that might be
better able to reach reef recesses account for lit-
tle to no bioerosion until an ontogenetic diet
shift around 20 cm in length for common Carib-
bean species (Bruggemann et al., 1996). Larger
individuals have more frequent, deeper bites and
are responsible for most of the bioerosion, but
are limited to feeding on more open surfaces.

Macroboring Bioerosion

Macroboring bioerosion, in contrast, will
be favored in more cryptic settings, where early
recruits are not scraped away. The rates of bio-
erosion noted in this study (generally <10%) are
comparable to annual rates previously reported
for bioerosion studies of entire reef corals (e.g.,
8%, Lescinsky, 2004; 4-14%, Zahir, 2002, 1-
8%, Musso, 1992), and are also within the range
of natural macroboring rates reported on reef
substrates in different environments where mac-
roboring intensity has been shown to be related
to productivity and burial (e.g., Risk et al,
1995; Holmes et al., 2000; Lescinsky et al.,
2002). The observed rates of bioerosion, are
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comparable to those on modern reefs and sub-
strates that have been exposed for about a year.

Are Curagao Reefs Unusual?

Curagao reefs are unusual in their eco-
logical integrity. Unlike many reefs that are
composed primarily of stabilized rubble (Blan-
chon et al., 1997), the Curagao reefs are com-
posed largely of in place coral colonies with lit-
tle breakage. In addition, Curagao reefs proba-
bly had very high rates of live coral cover, judg-
ing from corallite surface texture, although this
deserves further quantification--perhaps using
microborer assemblages as markers of post mor-
tem exposure.

High live coral cover in the Pleistocene
reef is at odds with current reef conditions
throughout most of the Caribbean, that is due in
part to recent anthropogenic causes (Gardner et
al., 2003). Sea-level transgression during the
Pleistocene also would have contributed to rapid
reef accretion and perhaps to overall live coral
cover, although in recent reefs, live coral cover
is dependent on physical disturbance and eco-
logical factors (e.g., bioerosion) that would have
functioned independent of the rate of sea-level
rise.

CONCLUSIONS

Pleistocene coral reefs of Curagao are
unusually intact ecologically and form a good
basis for evaluating external bioerosion from
grazers in the fossil record. The data presented
here show that grazing bioerosion in each of the
four coral types and four facies examined was
low, while boring bioerosion was comparable to
that described on modern reefs. Previously ob-
served high rates of grazing bioerosion in mod-
ern studies is in part a design bias and in part
reflects anthropogenic changes to live coral
cover in modern reefs. Low grazing, as ob-
served in the Curagao Pleistocene reef is proba-
bly a reflection of normal bioerosion patterns in
a healthy (high percentage live coral cover) reef.
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