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ABSTRACT: Internal bioerosion of the coral Porites lobata Dana (Coelenterata, Scleractinia) was
examined on 5 reefs across the central region of the Great Barrier Reef, Australia: Orpheus Island,
Britomart Reef, Rib Reef, Davies Reef, and Myrmidon Reef. Ninety corals were sliced into discs (n, = 270
replicates) and X-rayed to identify internal bioeroders and quantify the degree of bioerosion caused by
each bioeroding group. Total internal bioerosion decreased significantly with distance offshore, across
the continental shelf. Abundances of bivalves and sponges decreased the most significantly. Sponges
were significantly lower on the outer shelf. Abundance of sipunculans and polychaetes showed only a
nomlnal decrease across the shelf. Boring bivalves dominated the inshore area while the relative
abundance of sponges increased with &stance from shore. The relative abundance of worms
(polychaetes and sipunculans) remained generally constant across the shelf. The explanatory
hypothesis is offered that there may be a link between internal bioerosion and the already documented
decreasing productivity and increased abundance of grazing fish with distance from shore. Three
predictions are also made: (1) that observed changes in internal bioeroders may influence sediment
composition across the continental shelf, with inshore sediments being more poorly sorted, and
possessing more fines produced by internal bioeroders; (2) that offshore lagoonal sediments may have a
greater contribution derived from grazing fish; and (3) that the observed higher levels of bioerosion
inshore may increase susceptibility of corals there to dislodgement and fragmentation imposed by
physical disturbance.

INTRODUCTION

Bioerosion can be an important factor controlling the
resistance of corals to wave shock (Hein & Risk 1975,
Highsmith 1980b, 1981, 1982, Highsmith et al. 1980,
Tunnicliffe 1978, 1981, 1983) and the rates and nature
of sediment production (Rutzler 1975, Acker & Risk
1985). It may also contribute to control of nutrient and
gas fluxes on coral reefs (Zankl & Multer 1977, Risk &
Kramer 1981, Bellamy & Risk 1982, Risk & Muller 1983,
Tudhope & Risk 1985). Scoffin et al. (1980) have stated
that bioerosion can destroy reefs almost as fast as they
are created (also see Highsmith 1981) and others have
stated that it can affect the morphology of carbonate
coastlines (Trudgill 1976a, b, Acker & Risk 1985). The
subject of bioerosion has been reviewed by Carriker et
al. (1969), Risk & MacGeachy (19781, and Hutchings
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(1986). Such destructive processes have received little
attention compared with their constructive counterparts (Davies 1983).
Risk & Sammarco (1982) demonstrated a significant
correlation between degree of internal bioerosion in
dead Acropora and reduced grazing pressure. It was
suggested that 3 factors could possibly explain the
observed phenomenon: (1) a decrease in levels of
biological disturbance (sensu Dayton 1971, Sammarco
1980, 1982) imposed by grazers on newly settled larvae
of endolithic borers; (2) the presence of algae, serving
as a refuge for bioeroders; and/or (3) food and nutrient
levels possibly being higher in the associated algal turf
and sediment (see Klumpp et al. 1988). Sammarco et al.
(1986) demonstrated that undeterred fish grazing was
also associated with high levels of external bioerosion
of dead foliose corals (e. g. Pachyseris speciosa).
Results of this experiment supported the hypothesis
that biological disturbance may affect the internal

146

Mar. Ecol. Prog. Ser. 59. 145-156, 1990

bioeroder community. In addition, they demonstrated
that predation may influence internal bioeroder community. They also demonstrated that predation may
influence internal bioerosion by affecting population
dynamics within the endohthic bioeroder community.
A long-term (3 yr) experiment demonstrated that fish
grazing did indeed alter the community composition of
the bioeroder community (Sammarco et al. 1987). Boring by sponges with large exposed papillae (Cliothosa
hancocki Topsent) increased significantly when grazing was reduced within damselfish territories, while
more cryptic boring sponges decreased in abundance.
In that experiment, total internal bioerosion did not
vary with grazing pressure. The central Great Barrier
Reef region is known to exhibit variations in abundances of grazing fish populations (Wilhams 1982, Williams
& Hatcher 1983, Russ 1984a, b, c), algae (Russ 1984a),
and productivity or chlorophyll a concentrations (Ikeda
et al. 1980, Revelante & Gilmartin 1982, Sammarco S(
Crenshaw 1984). Since previous bioerosion studies in
this area and elsewhere have revealed either correlations or a functional relationship between these groups
or processes a n d bioerosion (see above), the question
arises a s to whether concomitant changes in bioerosion
might also b e observed across the 120 km wide continental shelf in this region.
Here w e have examined large-scale patterns in
bioerosion across the continental shelf of the central
region of the Great Barrier Reef. We present the results
of this study, offer explanatory hypotheses concerning
factors which might influence those patterns, and mention some predictions for effects of the observed community patterns on sediment production.

MATERIALS AND METHODS
Study sites. All sampling was carried out in the central region of the Great Barrier Reef. Five reefs were
considered, spanning the breadth of the continental
shelf: the fringing reef of Orpheus Island, and the
4 platforms reefs - Britomart Reef, h b Reef, Davies
Reef and Myrmidon Reef (Fig. 1). On Orpheus Island,
sites were located on the southern end of Pioneer Bay, a
protected, low energy environment on the lee side of
the island. On the latter 4 reefs, sampling sites were
defined as patch reefs in backreef environments. All
corals were collected between 28 October and
2 November 1986.
Orpheus Island is a high continental island located
close to shore in intermittently highly turbid waters; it
lies in the plumes of the Burdekin and Ross Rivers and
is also subjected to resuspended sediments of these
inshore waters (see Walker 1981, Ikeda et al. 1982,
Sammarco & Crenshaw 1984) (Fig. 1). This area is also
characterized by relatively low wave energy, variable
salinities and temperatures, a higher biomass of zooplankton, and higher chlorophyll a concentrations than
in offshore waters (Sammarco & Crenshaw 1984). Myrmidon Reef occurs at the outer edge of the continental
shelf a n d is characterized by relatively clear waters,
low variance in salinity and temperature, low zooplankton biomass, and chlorophyll a concentrations
which are patchy in space and time (Andrews 1983,
Sammarco & Crenshaw 1984). Britomart, f i b , and
Davies Reefs are mid-shelf reefs, with oceanic parameters intermediate in all respects between Orpheus
Island and Myrmidon Reef.

Fig. 1. Study area In central region of the
Great Barrier Reef, depicting Orphrus
Island. Britomart Reef, Rib Reef, Davies
Reef, and F\lvrm~don(in order of lncreas-
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Sampling followed a Model I , 3-level, replicated
nested ANOVA design. Six living heads of the scleracti, 20 to 30
nian coral Pontes lobata Edwards & H a ~ m eca
cm in diameter, were sampled haphazardly from each of
3 sites on each reef at depths of 7 to 9 m. P, lobata was
chosen because ~t is widely distributed throughout the
tropical Pacific and abundant to dominant across the
continental shelf in this region of the Great Barrier Reef.
In addition, the skeleton of Pontesis relatively soft (Scott
& Risk 1988) and readily attacked by all groups of
bioeroders. Only corals possessing > 80 % Intact living
upper and lateral surfaces were chosen. Also, no corals
occurring at < 0.5 m above the bottom sediment interface were collected, to avoid possible confounding
effects of sediment on the bioeroder community.
From the center of each coral head, 3 serial slabs 1
cm thick were cut parallel to the axis of mammunl
growth with a rock-saw Slabs were then X-rayed. Xradiographs were printed and the areas of boring were
quantified with a digitizer. Borers were identified to a
relatively low degree of taxonomic resolution - such as
bivalves, sponges, polychaetes, sipunculans, and barnacles. Since we were only interested in major trends
in bioerosion over a large geographic range, data for
polychaetes and sipunculans were analysed as a single
group, to be referred to simply as 'worms' (Sammarco
et al. 1987). The sponges Cliothosa hancocki and
Cliona spp. were identified separately. Identification
was made based on the shape, size, and character of
each borehole, as described by Sammarco et al. (1987).

147

Data were analysed using standard pararnetnc and
non-parametric techniques with the aid of the Biometry
Statistical Package (Sokal & Rohlf 1981). Details of
stat~sticalanalyses are presented in the figure and
table legends. Higher order interactions w ~ l lbe mentioned and discussed only if signif~cant.

RESULTS
The major taxa of bioeroders encountered in this
study were bivalves (primarily Lithophaga spp.),
sponges (particularly Cliothosa hancocki and Cliona
sp.), polychaetes, sipunculans, and boring barnacles
(primarily Lithotrya and other acrothoracicans; see
Warme 1975). A brief description of the borehole
characteristics associated with each group is given in
Table 1, and X-radiographs depicting most of them
may be found in Fig. 2. Further descriptions may b e
found in Sammarco et al. (1987).
Total percent bioerosion decreased significantly with
distance from shore (Fig. 3). It averaged l l . O O / ~at
Orpheus Island and fell to 1.3 % at Myrmidon Reef, on
the outer edge of the continental shelf. Values for the
3 mid-shelf reefs were generally comparable to each
other and were intermediate in value to those for
Orpheus Island and Myrmidon Reef.
There was no significant difference in total bioerosion between sites within reefs (Tables 2a, b). There
was, however, a significant difference between coral

Table 1 Porites lobata. Description of boreholes of bioeroders as discerned by X-ray radiography Table presents borehole
descnption, location of boreholes w i t h ~ ncoral heads, and comments on their general occurrence
Borehole description

Location of boreholes within
coral heads

General occurrence

Cylindrical to elliptical (dateshaped), sometimes with
meniscate false-floors

Usually radiate up a n d out from
interior of head; often penetrating live coral surface

Dominating inshore reefs

Cliothosa hancocki

Spherical or elliptical to irregular galleries, in which all the
coral skeleton is removed

Abundant to common inshore;
Usually restricted to sides a n d
dominating the offshore bonng
undersides of heads; sometimes penetrating hve coral sur- fauna.
face

C l ~ o n asp. (the C, viridis
species complex)

Reticulated, ramifying to vermiform galleries In which all
skeleton is not removed (soapsuds appearance)

Usually restricted to sides and
undersides of heads; can overgrow a n d kill live corals

Present to common at all sites

Polychaetes

Long, m e a n d e n n g holes of several diameters, or small Ushaped to convoluted borings

Typically unrestricted in location. C a n penetrate live coral
tissue

Present to common at all sites

Sipunculans

Relatively large elongated
flask-shaped borings

Usually restricted to sides a n d
undersides of coral heads

Present to common at all sites

Barnacles

Conical, smoothly tapering
boreholes with constricted
openings

Usually open through living
coral tissue

Found only on Davies Reef here
(mid-shelf)

Taxon
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Fig. 3. Porites lobata. Total bioerosion found across the central
Great Barrier Reef region on 5 reefs. Mean for all data pooled
by reef (n, = 54), shown with 95 O/O confidence limits. Data
transformed by arcsine for purposes of normalization (Sokal &
Rohlf 1981). Highly significant difference between reefs
(p < 0.001, 3-level nested ANOVA; see Table 2a). Order of
study sites, inshore to offshore: Orpheus Island and Britomart,
i3b, Davies, and Myrmidon Reefs
Table 2. (a) Summary of statistical analyses of bioerosion data
presented in Table 3. Data analyzed by 3-level, Model I
nested ANOVA, using an arcsine transformation (Sokal &
Rohlf 1981). Data presented for total bioerosion and individual
bioeroding taxa
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heads within sites, with over 50 ?i, of the total variance
b e ~ n gaccounted for by inter-head vari.ance (Tables 2b
and 3). Although there was some variance between
slabs within coral heads, it was not a major source of
variance in the study.
The abundance of boring bivalves, particularly
Lithophaga spp., declined significantly with distance
from shore (Fig. 4 ) , falling to less than 1 O/O (percent area
removed) by the m1.d-shelf. Infestation of Porites heads
inshore by bivalves was highly variable. Even though
the mean area bioeroded by Lithophaga in inshore
waters was less than 3"%,some coral heads exhibited
massive levels of infestation and excavation (Fig. 5).
Bivalves exhibited essentially the same levels of intersite a n d inter-coral variance as that observed in total
bioerosion (Tables 2a, 2b and 3).
There was also a significant difference between reefs
with respect to bioerosion levels of boring sponges as a
group (Fig. 4). Sponges on Myrmidon Reef were particularly low in abundance. The distribution of variance
components in sponge bioerosion also followed that
observed in total bioerosion a n d bivalves, with intercoral variance being particularly high (Table 2b). When
either Cliothosa hancocki or Cliona sp. were considered separately, however, no significant inter-reefal
differences could be detected (Table 2a). Inter-coral
levels of infestation were highly significant different
not only in these 2 sponges but in all taxa considered.
Cliona populations were significantly different
between sites as well (Tables 2a, 2b and 3).
Worms (sipunculans and polychaetes) were, overall,
present in very low abundances. They exhibited no
significant differences between reefs and no significant
cross-shelf trend (Figs. 4 and 6 ) .
Boring barnacles were absent or rare on the reefs
considered here. The only reef in which they made up a
measurable part of the bioeroder community was
Davies Reef, and even there their abundance was negligible.
In considering bioeroder community structure a s a
whole, boring bivalves dominated the inshore reefs (Fig.
6 ) . At the mid-shelf and outer shelf, this dominance

Table 2. (b) Percent contribution of each level of sampling to total variance measured in bioerosion of Porites lobata across the
central region of the Great Barrier Reef
Bioeroding taxon

Between reefs

Between sites

Between coral
heads

Total bioerosion
Bivalves
Cliothosa
Cliona
Total sponges
Worms

23.8 %
21.4 "b
10.6 ':L
2.9 ?L
15.2 'Yo
3.8 '%

0.0 ':;,
0.0 ":.
6.2 %;,
14.1 "Y,
0

57.6 '10
57.6 O i ,
53.4 ob
32.2
56.6?0
49.3 "0

l?:,

7 2 ":,

'l%

Between slabs

18.6%
21.0 ' X ,
29.7 :<,
50.7 :i)
28.2 7 ;
39.7 '%1

Total

100 0 %
100 0 O h
100 0 "/Il
100.0 '';S,
100.0 lYO
100.0 "i,
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Table 3. Porites lobata. Quantitative estimates of internal bioeroslon by endolithic bioeroders in colonies collected across the
continental shelf In the central region of the Great Barrier Reef. Data represent percent area, calculated from digitizing Xradiographs of slabs; (see 'Materials and methods'). Data presented by site for total bioerosion as well as for that resulting from
bivalves, Cliothosa, Cliona, total sponges, and 'worms' (polychaetes a n d sipunculans). The fnnging reef of Orpheus Island was
sampled; all other locations are platform reefs. Locations are presented in order of increasing distance from shore. Raw mean (R),
mean of data transformed by arcsine (X,),and standard deviation of same (S,) given. Each cell represents 6 corals with 3 replicate
samples per coral; n, = 18
Reef
(in order of increasing
distance from shore)
Orpheus Island

Site

1 R
X,
S,

2 P
P,
S,

3 R

X,
5,

Britomart Reef

l X
X,
S,

2 X
X,
S,

3 X
X,
S,

h b Reef

l %
X,
S,

2 X
X,
S,

3 X
X,
5,

Davies Reef

I

%

E,
S,

2 X
X,
5,

3 X

E,
S,

Myrmidon Reef

l X
xt
S,

2 X
X,
S,

3 X
X,
S,

Total
bioerosion

Bivalves

12.32%
18.80
9.176

5.72 %
10.49
9.632

8.274
15.21
7.59
1281
16.85
14.352

2.12
4.81
7.158
10.98
12.45
16.407

6.52
14.06
4.985

Contributing bioeroding taxon
Sponges
Cliothosa
Cliona
Total sponges

Worms

1.82 %
5.68
5.472
1.11
5.04
3.492

1.28 %
4.38
4.986
0.27
1.68
2.568

4.11 %
9.67
6.880
1.93
6.76
4.489

2.49
6.66
6.413
4.22
10.13
6.55

0.49
2.60
3.170

0.95
3.87
4.172

1.44
5.64
4.110

0.39
2.92
2.162

1.69
5.67
5.055
1.64
5.12
5.50

1.68
5.43
5.295
0.01
0.93
1.386

1.12
2.88
5.597
2.61
8.45
4.067

2.80
7.54
6.269
2.69
8.60
4.078

2.03
6.05
5.727
2.05
7.73
2.946

1.35
3.97
5.57

1.08
3.36
5.119

0 52
2.23
3.582

1.60
4.95
5.517

1.79
4.29
6.690

0.55
2.26
3.716
0.93
1.86
5.45
0.18
0 58
2.483

4.83
10.31
7.945
1.13
3.65
5.067

0.17
1.31
2.047
1.54
4.34
5 884

5.01
10.67
7.828
2.68
6.78
6.800

1.26
5.28
3.847
1.05
4.11
4.355

1.53
5.22
5.000

0 00
0.00
0.000

1.53
5.22
5.000

0.55
2.51
3.55

4.70
10.45
7.31

0.56
2.25
3.801
0.26
0.95
2.837

6.51
12.78
8.236

0.42
i.20
3.661

3.66
8.91
6.936
2.06
5.66
6.267
1.39
5.12
4.599

1.44
5.58
4.206
0.86
3.94
3.669
0.89
3 22
4.513

5.10
11.70
6.280
3.16
8.50
6.020
5.00
9.72
9.176

2.32
8.07
3.520
1.35
5.31
4.198
1.10
5.24
3.041

1.62
5.95
4.413
0.89
4.39
3.292

0.09
0.87
1.565
0.00
0 00
0,000

0.49
2.54
3.215
0.12
0.47
1.993

0.28
1.84
2.466
0.20
0.91
2.250

0.77
3.76
3.447
0.32
1.20
3.095

0.76
3.41
3.777
0.60
3.39
2.950

1.12
4.56
3.387

0 14
0.73
2.122

0.10
0.90
1.621

0.22
1.62
2.240

0.32
2.05
2.608

0.49
2.84
2.914

6.385
14.22
3.724
4.74
10.57
7.169
6.82
13.23
7.941
4.66
10.00
7.809
2.27
6.89
5.460
7.98
15.21
6.848
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shifted to the boring sponges as a group. The relative
abundance of worms remained relatively constant across
the shelf. Other bioeroders, including boring barnacles,
had little or no influence on community structure.

DISCUSSION

I
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DISTANCE FROM COAST ( K m )

Fig. 4 Porites lobata. Bioeroslon by indivldual taxonomic
group expressed as percent. Mean for data pooled by reef,
shown with 95 O/O confidence limits Bivalves; highly significant difference in bioerosion between reefs across continental shelf ( p < 0.01, 3-level nested ANOVA; see Table 2a)
Sponges; s~gnificant difference between reefs (p < 0.05)
Worms, no significant difference between reefs ( p < 0.05)

There are a number of possible reasons for the significant decrease observed in total ~ n t e r n a lbioerosion
with distance across the continental shelf. The major
groups contributing to the observed increase inshore
were bivalves and sponges, and this may be a response
to increased availability of nutritional resources in
inshore waters. Bivalves and sponges are filter-feeders,
as are many other bioeroders. The productivity in
inshore waters of continents and high islands is known
to be higher than in open tropical waters (Zeitzschel
1978, Birkeland & Grosenbaugh 1985, Birkeland 1987,
in press). This is known to be the case on the Great
Barrier Reef (Ikeda et al. 1980, Revelante & Gilmartin
1982, Andrews 1983, Sammarco & Crenshaw 1984),
where chlorophyll a concentrations have been shown
to be generally higher in inshore waters and in the
plumes of the local rivers (e. g. the Burdelun h v e r ;
Revelante & Gilmartin 1982, Andrews 1983). Highsmith et al. (1983) hypothesized that a positive relationship existed between primary productivity and
Lithophaga densities, and Scott & Cope (in press)
offered support for this. A similar relationship has been
proposed to exist between bacterial content of seawater and abundance of boring sponges (Highsmith et
al. 1983, Rose & h s k 1985).
If these environmental factors and the observed
trends in bioerosion are functionally related, then the
implications for reef management are that eutrophicahon or increased productivity of reefal waters may
promote increased levels of total internal bioerosion
(also see Rlsk & MacGeachy 1978, Highsmith 1980a,
Hallock & Schlager 1986, Hallock 1988). Internal
bioerosion is a process which can proceed at high rates
(Acker & h s k 1985, Scott et al. in press), and appears to
have been accelerated in such areas as Kaneohe Bay,
Hawaii, which has in the past received extensive nutrient enrichment through organic pollution (Smith et
al. 1981, S. V. Smith pers. comm.).
Another factor which may have influenced the
abundance of boring sponges and bivalves is reduced
grazing or predation. Wilhams (1982) and Williams &
Hatcher (1983) have shown that benthic grazing fish
are less abundant in inshore waters in this area. Evidence has been presented which supports the
hypothesis that grazing and predation on coral,
whether alive or dead, can influence endolithic
infaunal community structure (White 1980, Risk & Sam-
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Fig. 5. Porites lobata. (A) Xray of a disc of coral sliced
from sample from Myrmidon Reet on the edge of the
continental shelf, 114 km
from shore. (B) X-ray of a
similarly sampled disc from
Orpheus Island, a continental island only 14 km
from shore. Bival\-cas were
the primary biocroders in
t h ~ sarea

marco 1982, Sammarco et al. 1987). The decrease in
relative abundance of bivalves further from shore may
b e d u e to increased levels of removal of newly settled
juveniles and adults, whether through direct predation

or b~ologicaldisturbance (see Dayton 1971, Sammarco
1980, 1982).Guzman (1986) has described predation by
balistids on Lithophaga living in Porites lobata on
Costa k c a n reefs.

Sdrnmarco & Risk: B ~ o ~ r o s ~ofo cord1
n
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and killed them. He1 study was conducted on dead
corals in Hawall, however, and may not be directly
0
comparable to the results of this study, in which live
W
a
8 aocorals were used
W
U
In this study, w e observed several examples of infesta0%E
tion by Llthophdga which were so extensive that intra8 60spec~ficcompetltlon for l i v ~ n gspace may have been
U a
v al
occurring
We are aware of only one case where lnternal
zg
4 m
competitlon for space has been documented for 2 species
4; 40of boring sponges (Rutzler & Reiger 1973). We believe
1<-2
that the question of competitlon for space, access to the
W
2
water column, and food (sensu Buss 1980) in the
4W 20endolithic bioerodlng con~munityunder these condltions
[L
remains open and is deserving of further investigation.
In earlier studies (Risk & Sammarco 1982. Sammarco
20
40
60
0'0
160
1985. Sammarco et al. 1986. 198?), w e suggested that a
DISTANCE FROM SHORE (Km)
shift in grazing pressure would results In shifts In the
in turn, would affect the
Fig 6 . Pontes lobata Relat~veabundance of major b ~ o e ~ o d ~ n g bioeroding community
groups detected on 5 reefs across the centrdl reglon of the
type of sediments produced. We had suggested that,
Great Barrler Reef Data shown in c u n ~ u l a t l \ ~percent
c~
Note
under conditions of reduced grazlng pressure, there
shifts in specles composition across continental shelf 'Others'
should
be a n increased contnbution to the sediment of
refers to endolithic barnacles
fine sands and silts characteristically produced by boring sponges. This would be coupled with large clasts
It is possible that differenbal density of the coral
produced during high energy events derived from
skeleton could also have influenced degree of internal
breakage of coral colonles weakened by bioeros~on.
bioerosion. In a parallel study, w e have determined
The result~ngsediments under such condltions mlght
that skeletal density of Porites lobata increases signlfitherefore be poorly sorted. Under conditions of high
cantly and linearly with distance from shore, across the
grazlng pressure. a contnbution to the sediment of
continental shelf (Risk & Sammarco unpubl ) . These
well-sorted fine sands derived from external bioerosion
density data correlate negatively with the bioerosion
by grazels would probably be more important.
data. This does not agree with data of Highsmith (1981)
It may be possible to broaden these concepts a n d
and Highsmith et a1 (1983) which show a positive
place them lnto a cross-shelf framework. Based on data
correlation between internal bioerosion and skeletal
derived from this study, we would predict that lagoonal
density; those data, however, were derived from a suite
sediments of offshore ieefs may be expected to have a
of scleractlnian coral specles from Eniwetak Atoll We
lower concentration of fine sediments derived from
belleve that, although lntraspecific variation in skeletal
internal bioerosional processes in comparison to
density may have assisted in deterring bioeroslon on
inshore or midshelf reefs. We also predict that lagoonal
mid- and outer-shelf reefs, this would noi be sufficient
sedlments of offshore reefs would possess a hlgher
to fully explain the observed trends.
contribution of carbonate sands produced by grazlng
The relative abundance of sponges In the bioeroder
flsh, the major forces responsible for external bloerocommunity increased wlth distance from shore, but
their absolute abundance was actually lower at Myrmision. Grazing fish are known to produce prodigious
amounts of sediment on reefs (Cloud 1959. Randall
don Reef. Bergman (1983) described changes in abun1964, Gygi 1975, Ogden 1977, Frydl & Stearn 1978).
dance of Cj~onav ~ n d i sacross Davies Reef, and attriThese biological processes, of course, represent only
buted higher densities In backreef environments to
one set of processes among many c o n t n b u t ~ n gto the
increased bactenal concentrations Whether w e are
observing the results of a similar relationship on a
overall character of the sediment. In particular. physical processes must b e taken into account. The Imporlarger scale remains to be shown and confirmed expentance of bioerosional processes in determining
mentally Unfortunately, no data are presently availlagoonal sediment composition in relation to terngenable on cross-shelf bacterial concentrations.
ous input, hydrography, bioturbation, currents, wave
Our results are generally consistent with those of
exposure, etc. remains to b e determined.
White (1980), who found that abundance of boring
High levels of boring b~valveinfestation as observed
sponges increased under conditions of reduced grazin this study also weaken the corals and cause them to
ing. She also found, however. that under high grazing
become easily detached from the substratum (Highpressure, corralline algae proliferated (see Steneck
smith 1980b, Highsmith et a1 1980). Because of
1982, 1983), overgrew the papillae of boring sponges,

g

+

154

Mar. Ecol. Prog. Ser. 59: 145-156, 1990

increased levels of bioerosion, Porites lobata populations on inshore reefs may b e inherently more suscept~ b l eto damage from catastrophic high energy events
(e. g. storms a n d cyclones) than their offshore counterparts. It was suggested (Hein & R s k 1975) and later
verified (Tunicliffe 1981, 1983, Highsmith 1982) that
extent of internal bioerosion in corals was a prime
control of the coral's ability to resist wave shock.
T h e findings of this study may b e summarized as
follows: (1) Total internal bioerosion within the massive
coral Porites lobata decreased significantly across the
continental shelf of the central Great Barrier Reef. (2)
Boring bivalves (Lithophaga) decreased in abundance
with distance from shore. Abundance of boring sponges
was significantly lower on the outer shelf than on the
inner or mid-shelf. (3) The composition of the internal
bioeroding community also changed across the continental shelf. Boring bivalves dominated inshore reefs;
boring sponges dominated at the midshelf a n d offshore.
Polychaetes and sipunculans remained relatively
unchanged as a group with distance from shore. (4) We
offer the explanatory hypothesis that changes in total
bioerosion a n d bioeroder community composition may
be d u e to decreased productivity a n d higher levels of
predation a n d biological disturbance by the more abundant grazing fish populations with distance from shore.
(5) We predict that lagoonal sediment of mid- and outershelf reefs in this region may a larger contribution of fine
sands derived from activities of grazing fish than inshore
reefs. Conversely, w e predict that lagoonal sediments of
inshore reefs may be expected to have a larger contribution of fine sands derived from internal bioerosion. We
also predict that increased internal bioerosion inshore
may result in increased susceptibility of corals to dislodgement a n d fragmentation there.
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