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MARINE BORING OF CARBONATE HARD SUBSTRATES ON SAN SALVADOR ISLAND, THE BAHAMAS

Terry D. Lahm
Department of Geology
The College of Wooster

Wooster, Ohio 44691

The exposed intertidal and subtidal inorganic carbonate hard substrates on San Salvador Island are extensively
bored by a variety of organisms. A study was conducted at four different modern boring environments found on the
island. The macroscopic and microscopic features of each identified boring type were described with the purpose of
eventually comparing these observations to those from the fossil record. In modern hard substrates the soft-body
anatomy of each borer is still intact and can be used to decipher the boring mechanism. Hard substrates also offer a
relatively consistent environment for analysis through geologic time. The environment of modern hard substrates is
similar to ancient ones, thus evolutionary trends can be distinguished easier than when the environment is a variable.
Finally, the detailed descriptions of modern borings can be used to identify boring organisms in ancient hard
substrates. :

The localities chosen for this study were North Point, Man Head Cay, Fernandez Bay, and French Bay on San
Salvador Island. These localities were selected on the basis of substrate lithology and wave energy. The North Point

‘substrate consists of Holocene aragonitic eolianite. The substrate at Man Head Cay is also an eolianite but is

Pleistocene in age and has calcite as its main constituent. Both North Point and Man Head Cay offer a high energy
environment for the boring community, The beach rock found at Fernandez Bay and French Bay is less cohesive
than the eolianites, with the Fernandez Bay hard substrate somewhat more indurated than that at French Bay. French
Bay and Fernandez Bay are relatively low energy environments.

Five phyla of boring organisms were studied at the localities. These phyla include: Annelida, Arthropoda,

. Sipunculida, Mollusca, and Porifera. A detailed description was made of each boring type by observing the

following characteristics: size, shape, condition of grain boundaries at the boring wall, and boring wall structures.
These descriptions were based on observations made by optical and scanning electron microscopy. An abbreviated
version of the description for each boring type appears in Table 1. The boring mechanism for each phylum was
hypothesized and can be found in the last column of Table 1.

Mechanisms employed by each endolithic borer are proposed in this study on the basis of textural and
microstructural evidence from the boring surface. The polychaete worms of the phylum Annelida appear to create
their excavations by chemical dissolution of the substrate. This habit leaves behind cut grains and indistinct grain
boundaries along with an etched boring surface. The hypothesized mechanism used by the barnacle Lithotrya dorsalis
to penetrate the carbonate hard substrate by physical abrasion. The boring surface has striations which match the
size of the calcified teeth on the barnacle so it appears the barnacle abrades the substrate by movements of the
capitulum. The sipunculid species described in this study appear to use a combination of chemical and mechanical
methods to excavate a boring. The papillae located on the surface of the organism may be used to physically abrade
the rock surface; epidermal glands may also secrete an enzyme or acid to soften the substrate. The examined
substrate offers evidence to support both mechanisms. Cliona dioryssa a sponge, is a chemical borer which carves
small carbonate chips from the substrate. The sponge uses an acid as a carving agent to dissolve the carbonate
substrate. The bivalve Lithophaga bisulcata is believed to penetrate the substrate by using an acid or calcium
complexing solution to dissolve the carbonate material.

Finally, the modern characteristics of borings were compared to those found in ancient hard substrates.
Hardgrounds from the Cretaceous and Ordovican were examined to see if similar characteristics exist in the ancient
borings. The observations suggest that most ancient hardgrounds have undergone enough diagenesis and weathering
to obscure the microscopic structures produced by the borers. Therefore, little microscopic evidence can be found to
link modern borings with their ancient counterparts. However macroscopic features of bormgs appear to be
preserved in many ichnospecies. .
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Type of
Boring

Size

Mechanism of Boring

Phylum
Annelida
Eunice vittata
Lumbrineris
inflata
Lysidice sp.
Capitella
capitata

Diameter range = 4-8 mm.
Length > 30 mm. Diameter
remains constant thronghout
length of boring.

Possibly acid dissolution because of etched surface of boring. Setae are possible boring structures.
However, previous studies show setae are often too weak for mechanical boring (Haigler, 1969).
Another hypothesis is that polychaetes use chemical dissolution to bore into the substrate

(Haigler, 1969). The cut grains and indistinct grain boundaries are evidence that chemical dissolution
was used to create the excavations in this study.

Phylum
-Arthropoda

- Lithotrya
dorsalis

Diameter range = 7-9 mm;
tapers down to 2-3 mm in
posterior of boring. Length
of boring 30 to 65 mm.

Larvae may use chemical dissolution (Tomlinson, 1969). Adults may use a combination of chemical
activities & mechanical activities with chitinous teeth. Piles of powdered sediment were noted by
Tomlinson (1969) around the aperture of a boring barnacle. Enzymatic softening of rock before
mechanical abrasion has been suggested by the fact that the barnacle secretes carbonic anhydrase
(Tomlinson, 1969). Ahr & Stanton (1973) state that the boring mechanism is strictly physical abrasion
by calcified plates on capitulum and peduncle. Striations near the middle of the boring wall suggest
abrasion by an anatomical external structure of this barnacle. Texture at the anterior of boring may have
resulted from dissolution of carbonate material by direct circulation of sea water.

Phylum
Sipunculida

Phascolosoma
antillarum

P. scolops

Base 10 mm in diameter.
Surface opening 5 mm in
diameter.

Total length is 30 mm.

Possible use of papillae to abrade surface. Another possiblity includes secretion of an enzyme or acid
from highly developed epidermal glands located at papillae pores. Microstructure of the boring suggests

..gz‘oi:m..onmSEE:oE:mEHuB:o:meEwﬁoma%von:m.wwambmﬁwwwmch_Ommrosaimgoa
of cut grains and dissolution of the substrate. .

Phylum
Porifera

Cliona
dioryssa

Macroscopic boring up.to

1.5 mm in diameter.
Microscopic pits resulting from
boring activity have a

diameter range of 30-40 pum.

Chemical borer. The sponge contains etching cells which project part of their cytoplasm onto the
substrate. Within the cytoplasm is a substance which is possibly an acid or enzyme that dissolves the

surrounding substrate. This activity continues until the substrate is sliced in the shape of a shallow cup.
* The substrate above the etching cell is loosened and becomes a small carbonate chip which is carried out

o:ﬁ%o:mo.ﬂgm.:amuosm@coamgomZEmosﬁmamzomagzmﬁmoamm@oaEnmsvmﬂ:m
(Cobb, 1969). : ' .

Table 1
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