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DEPTH-RELATED PATTERNS OF INFAUNAL BIOEROSION
IN TWO MODERN AND TWO FOSSIL CARRIBEAN REEFS: US
VIRGIN ISLANDS AND THE DOMINICAN REPUBLIC
TIMMONS ERICKSON: Oberlin College
Research Advisor: Dennis K. Hubbard

INTRODUCTION
Two major goals of geologists studying reefs has
been to understand how these structures are built
and how this might have changed over time. Traditional reef-accretion studies have focused on coral
growth and have underestimated the importance of
bioerosion; construction, destruction (bioerosion),
encrustation and cementation are equally important
factors in the carbonate budget of a reef. Recently,
findings suggest that not only is bioerosion an important part of the accretion equation, but that postmortem grazing, boring and sediment redistribution
might strongly impact depth-related patterns of reef
building. A survey of all published reef-accretion
data shows that, despite higher carbonate production in shallow water, accretion stays relatively
constant down the forereef (Hubbard, 2008). This
suggests that calcification and bioerosion may follow
similar patterns, and that higher coral-growth rates
are offset by higher rates of post-mortem destruction and downslope sediment transport. However,
there have been few studies that define the spatial
distribution and abundance of the major bioeroding
taxa in a way that can be used to test this idea.
During the past summer, we attempted to quantify
bioerosion as it relates to depth across Caribbean
reefs. Dead coral samples were collected from two
Holocene reefs in the Dominican Republic and two
modern reefs in St. Croix (US Virgin Islands). The
modern reefs of St. Croix experience high wave
energy that helps dissipate sediment and nutrients
derived from the adjacent shore. In contrast, the
Dominican Republic reefs developed in a protected
embayment that experienced low wave energy and
high sedimentation rates. Comparing the patterns

of bioerosion in such different settings can identify
environmentally-driven shifts within infaunal boring communities, but can also be used to examine
spatial trends in bioerosion across individual reef
systems.
This study focused on macroboring organisms that
create voids larger than 1mm. These have been identified as the primary framework-destroying agents
that are preserved within the reef substrate (Perry,
2000). Combined with grazing, they can reduce half
the carbonate produced by calcifying organisms to
sediment (Hubbard et al, 1990; Perry & Bertiling
2000). This paper describes quantitative patterns of
boring along a depth gradient in both the modern
reefs off St. Croix (d = 3-10m; 3-27m) and their
Holocene counterparts in the Dominican Republic
(paleodepth = 5-22m).

METHODS
Samples were taken from profiles across two modern reefs and two Holocene Reefs (see Figure 1 in
Hubbard et al, this volume). At Cane Bay (17°46’N
lat., 64°48’W long.), two linear transects were established along the modern forereef between depths
of 3 and 27m. Eight samples were collected along
each transect at depth increments of approximately
3m. Tague Bay Reef (17°46’N lat., 64°36’W long.)
was sampled at depths of 3, 6 and 9 meters.
In the Dominican Republic, samples were collected
from two Holocene reef outcrops within the Enriquillo Valley reef system (Fig. 1). Lago Enriquillo
sits 42 m below sea level, and is the hypersaline
remnant of a bay that was cut off from the Caribbean Sea by rapid sedimentation ca. 4,000 years
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a timeline that can be followed for up to 130 meters.
Coral samples were taken from just below the storm
deposit every 10 meters. Each sample was assigned
a paleo-depth based on the present elevation of each
coral, the 14C age of the storm deposit that buried
it and the Caribbean sea level curve developed by
Lighty et al. (1982: corrected to CalBP). Ten corals
were collected along the entire length of the exposed
Madracis layer.
Four additional coral samples were taken from the
mixed-coral facies located upslope of the Madracis
section. These samples do not have exact paleodepths but are assumed to have been at shallower
depths than those found in the massive zone. Another set of five samples was collected in an arroyo
east of the town of Las Clavellinas (17°46’N lat.,
64°48’W long.), presumably from within the mixedcoral facies.
Figure 1. GIS reconstruction of a view looking north across the
Enriquillo Valley. The yellow circle shows the location of the
sampled reefs. The inset shows the location of the St. Croix and
DR sites in the Caribbean. See Figure 1 in Hubbard et al (this
volume) for details on St. Croix locations.

ago (Mann et al., 1984). Most recently, arroyos
have cut 5-m sections through the reefs ringing the
lake. Within Cañada Honda (18°32’N lat., 71°35’W
long.), a storm deposit of Madracis auretenra (Fig. 2)
bisects the massive-coral facies of the reef, providing

Each sample was slabbed in the field to reveal a
complete interior cross section. The corals were
re-cut in the lab to create two flat faces that were
scanned digitally with Photoshop. Individual macroboring galleries were outlined and color coded
for over 40 slabs (Fig. 3). Categories of major
bioeroders included: molluscs, worms, and three
kinds of sponge (“large gallery”, “small gallery” and
“meshwork”. Using NIH ImageJ, the total area of
bioerosion by each category was calculated for each
scanned coral face. The area of the zone in which
bioerosion occurred was measured, and the measurements of total bioerosion were standardized as
percents of the total zone of bioerosion to remove
possible biases related to differences in colony size.

RESULTS

Figure 2. Photograph of the storm layer that defines a timeline
within Cañada Honda. The dominant coral, Madracis auretenra (the stick coral that runs horizontally across the top half of
the photo) is derived from shallow water upslope. All samples
were recovered from just beneath this debris layer and are
considered to be contemporaneous.

The St. Croix reefs are exposed to higher energy and
lower sedimentation rates than those in the Dominican Republic. This is reflected in a difference in the
infaunal communities at the two sites that is obvious
by even simple visual examination (Fig. 4).
Total bioerosion rates tend to be greater in the DR
samples than those from St. Croix. Within the Dominican Republic corals, bioerosion is dominated
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by Lithophaga sp., a rock-boring bivalve. Mollusc
borings made up as much as 80% of the bioerosion
within individual corals, and were found within
all of the DR samples but two (Fig. 5). In contrast,
mollusc boring was seen in only two St. Croix samples, both from Tag Bay, and these constituted less
than 6% of the total bioerosion within either sample.
Within the DR corals Lithophaga sp. boring appears
to generally decrease with depth through the mixed
zone, and peak within the upper massive-coral zone
at a paleo-depth of ca. 10m. Here Lithophaga sp. is
responsible for 80% of the total bioerosion, and has
removed 45% of the area within the zone of bioerosion. Other than this one peak, mulluscan bioerosion is equal to or lower than that in the mixed-coral
zone (Fig. 5).
Figure 3. Coral slab (left) and digitized bioerosion galleries
(right).

In contrast, sponges can be responsible for over 90%
of the total bioerosion in St Croix, and follows a bimodal trend (Fig. 5). Large-sponge borings peak at
all three sites between 20 and 30%, and then fall off
near the shelf break. Below 10m, there is a 10-15%
increase in removal with depth down to 27m. In
the Dominican Republic, sponge bioerosion follows
a similar but less dramatic bimodal trend. Sponge
removal rates stay high within the mixed zone, but
drop after the upper two massive-facies samples.
While boring rates by sponge reach 40% within the
mixed- and upper two massive-facies samples, removal tends to fall between 10 and 25% throughout
the lower part of the outcrop.

Figure 4. Typical coral slabs from Cañada Honda (left) and
Cane Bay (right). Note the dominance of molluscs (mostly
Lithophaga sp.) and large sponges on the left versus meshwork
sponges on the right. For a more detailed discussion of differences in the overall borer communities at the two sites, see
Estep (this volume).

The intensity of total infaunal bioerosion on St.
Croix is largely bimodal, with maximum rates occurring near 6m (20-30%) and dropping abruptly
to ~5% near the shelf edge at 10m (Fig. 5). Below
the slope break, boring generally increases within
the offshore samples, from ~5% at d=10m to ~15%
at d=27m. In the Holocene reef of the Dominican
Republic, total bioerosion is likewise bimodal, with
rates of 40-60% in samples from paleodepths of
5-8m, while between 11 and 22m, total bioerosion
generally ranged from 20 to 30 percent.
At both sites, worms exhibit constant but low background levels of removal. In the DR reefs, worm
galleries totaled a mean of 0.9% and standard devia-
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tion of 0.6%. The relative percentage of worms only
increases near the lower section of the massive facies
when bioerosion rates of Lithophaga sp. begin to
wane. Within the St Croix reefs, average bioerosion
by worms totals only 0.6% (SD = 0.5%).

in a bimodal pattern. Both show peak bioerosion
rates at depths between 6 and 10 meters, followed
by lower bioerosion rates further offshore and away
from sources of high nutrients. The steady rise below a depth of 10 m at Cane Bay is associated with a
sudden increase in slope, which is absent in the DR
examples. Due to limitations
on sampling at depths greater
than 27m at Cane Bay and ca.
15m in Cañada Honda, it is
unknown how far downslope
the rise in bioerosion continues. Sponges, when considered separately are the most
similar bioeroding taxa across
both reefs. Within St. Croix
and the Dominican Republic sponge not only follow a
common rate, but are also the
Figure 5. Bioerosion versus water depth at Cane Bay and Cañada Honda.
group responsible for the peak
in bioerosion around 6 meters
followed by a sudden drop
and an eventual resurgence. The significance of this
DISCUSSION
trend is not clear.

Sommarco & Risk (1990) aptly stated, “such destructive processes have received little attention
compared with their constructive counterparts.” For
much of the history of reef research, bioerosion, it’s
implications for reef development, and the affects it
has on reef morphology have been largely ignored.
For those reasons alone, developing a quantitative
study of bioerosion and the major biological groups
that bore reef substrate was important. Much of the
work done on bioerosion has either focused on reefwide averages, a single reef facies, or as descriptions
of bioeroding taxonomic groups (Perry & Hepburn
2008, Hutchings 1986). This study focused on two
reef systems that are exposed to very different environmental conditions, and provides a general understanding of the patterns bioerosion both across
and between reefs.
Although rates of bioerosion are dominated by
Lithophaga sp. in the Dominican Republic and by
sponges in St. Croix, there are similar trends within
each system. Across the Dominican Republic and
St. Croix reefs, bioerosion rates appear to trend

The rates for worm bioerosion were different from
those found by other researchers. In a Jamaican
reef system with high sponge and low Lithophaga
sp. boring rates, Perry (1998) observed a higher
rate of worm boring within the mixed facies than
is reported here. It is not clear whether these differences are real or due to different interpretations of
the smallest galleries. This study is also incomplete
in its scope as an assessment of total bioerosion; the
effects of grazing fish and echinoderms are ignored.
To complete the picture, other studies addressing
rates of bioerosion by both grazers and infaunal
borers will be needed. Sampling could also be
extended to greater depths along reefs with different environmental controls, such as wave energy
and light. Nevertheless, this study does show that
higher rates of bioerosion correlate with the region
of highest calcification along the reef (see Hubbard
et al., 1990 for Cane Bay), and that increased levels
of nutrient availability either between sites or along
a depth gradient exerts a primary control on bioerosion communities.
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