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Abstract. An algal ridge system discovered along the Exuma Cays, Bahamas constructs bioherms to a thickness of
at least 1.5 m and is associated with modern intertidal
stromatolites. These algal ridges are unique because they
grow in atypical environments characterized by relatively
low wave energy, high rates of sedimentation and low
rates of herbivory. They also are composed primarily of
the branching crustose coralline alga, Neogoniolithon
strictum, which heretofore was not known to form algal
ridges. Lateral growth rates of crusts, vertical growth rates
of branches and survivorship of transplanted N. strictum
were greatest in the shallow fore reef zone of the algal
ridge. The alga is also capable of surviving and growing
when covered with sediment for at least 100 days. Under
such conditions it transforms from a branched to an
unbranched morphology. Parrotfish grazing, which is said
to limit the abundance of branched corallines and algal
ridges, was two orders of magnitude lower than in published accounts from other reef systems of the Caribbean
and one order of magnitude less than that found on
nearby coral reefs of the west Exuma Sound.
Neogoniolithon strictum, a delicate and open-branched
coralline, persisted for over a year without grazing damage when transplanted to a depth of 2.3 m. This algal
ridge-building coralline becomes a well-indurated limestone following submarine lithification of sediment that
infills the open branch framework. As a result, N. strictum
ridges are comparable to the dense frameworks associated
with most algal ridges. Observations of N. strictum -associated bioherms along Central America suggest this ridge
system may exist elsewhere under conditions similar to
those described for the Bahamas.

Introduction
Algal ridges are significant carbonate bioherms, composed primarily of crustose (i.e., nongeniculate) coralline
Correspondence to: R.S. Steneck

algae, that develop in shallow subtidal to lower intertidal
zones. Although they were once thought to be absent from
the Caribbean (e.g., Stoddart 1969; Milliman 1973), they
are now known to be abundant there and perhaps better
developed than their Indo-Pacific counterparts (e.g., Adey
1978). Adey (1978) reviewed the algal ridges of the Caribbean and western North Atlantic Ocean. He reported 21
algal ridge systems for the region and noted that they were
most abundant in the Lesser Antilles of the eastern Caribbean, where they comprised up to 40% of the surveyed
windward coastlines. They decreased northward and were
said to be absent in the Bahamas (Adey and Burke 1977).
Algal ridges represent a late successional stage of reef
development forming a constructional cap over coral as
the reef approaches sea level. This coralline cap has been
reported to vary from 1 to 8.5 m in thickness (Adey 1975;
Adey and Burke 1976; Adey et al. 1977). Thinner coralline
caps that comprise less than half the carbonate of the
bioherm are essentially veneers and thus not true algal
ridges. Characteristically, the seaward edge of algal ridges
are steeply-sloped, vertical or concave, often with a strong
seaward inflection at the point of emergence above mean
sea level, forming an ‘‘algal lip’’ (Adey and Burke 1976).
Behind the algal lip the ridge slopes with a low angle to
leeward.
Algal ridges usually develop along wave-exposed windward shores. Adey (1978) proposed a model which predicted that the relative abundance and vertical height of
algal ridges is determined by the wave force and constancy
in their environment. High-energy waves minimize sediment accumulation, thus facilitating coralline settlement
and growth (Adey and Burke 1977). Wave action is also
thought to be necessary to reduce parrotfish bioerosion
(Adey 1975, 1978; Steneck and Adey 1976) and result in
a net positive carbonate accretion. It was for those reasons
that Adey (1978) concluded that low wave action and constancy caused the absence of algal ridges in the Bahamas.
Algal ridges are usually composed of thick laminar
layers of corallines of the genus Porolithon (e.g., Tracey
et al. 1948; 1964; Emery et al. 1954; Adey 1975; Bosence
1984) and branching species of that genus in the IndoPacific and of ¸ithophyllum in the Caribbean (Steneck and
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Adey 1976; Bosence 1984). Besides these primary framework builders, several other coralline species, among the
genera Neogoniolithon, ¸ithothamnion, Mesophyllum,
Sporolithon and ¹itanoderma spp., are commonly associated with algal ridges (Bosence 1984).
In this study we describe a unique and previously unreported algal ridge system in the Bahamas. It thrives
under low energy and sediment-dominated environments
where most algal ridges cannot grow and is formed primarily by one relatively unusual coralline species, which has
never before been reported to build algal ridges. These
algal ridges and stromatolites form fringing reef complexes off the east coasts of Stocking Island (Reid and
Browne 1991) and Highborne Cay (Fig. 1a) and numerous patch reefs elsewhere along the west side of Exuma
Sound.
Materials and methods
Environment and organisms
The Exuma Cays stretch along the west edge of Exuma Sound
(Fig. 1a). The Exuma Sound surface waters have a slightly elevated
salinity of 36 to 37& and are supersaturated with respect to aragonite and calcite (Droxler et al. 1988). Large swells are rare. The winds
in this area are dominated by intermittent south and southeast
tradewinds (Adey 1978), and tides are diurnal with an average range
of about 1 m.
The algal ridge system at Stocking Island was studied most
intensively from May 1992 to June 1993. Detailed studies on its
geology, biology and ecology were done along transects from shore
to the seaward edge of the structure (Fig. 1b). The primary transect
(T1) and a replicate transect (T2) about 100 m to the southeast (see

Transects in Fig. 1a) were studied identically, except for drilling and
subsequent geological analyses, which were confined to T1. Along
each transect, five stations were set up in each of the three zones (fore
reef, reef flat and back reef, Fig. 1b).
Crustose corallines that build algal ridges are nongeniculate red
algae of the order Corallinales. Shallow tropical coralline floras are
dominated by species of the subfamily Mastophoroideae. Because
the taxonomy of this group is in a state of flux and generic-level
revisions and reversals have been common recently (Woelkerling
1985; Penrose and Woelkerling 1988, 1992), we will use the genus
Neogoniolithon Setchell & Mason for the primary ridge-building
coralline N. strictum. This is consistent with the majority of published studies of this alga (e.g., Bosence 1985).

Algal ridge geology
The algal ridge and stromatolite complex was drilled using a handoperated hydraulic drill (Macintyre 1978) at eight locations along
a transect (Fig. 1b). Manual excavations with hammer and chisel
and by hand-sawing slabs of the algal ridge were taken to inspect its
gross structure and to obtain additional specimens for thin sections.
The fore reef contact zone between the basement and the algal ridge
was sampled with a hammer and chisel by scuba diving. Cores and
other specimens were subsampled for thin sections. Most coralline
species found in the vicinity were thin-sectioned and examined for
comparison with corallines found in our core samples.

Sediment dynamics
Local gross sedimentation rates reflect the sediment influx that reef
dwelling organisms experience and give a measure of the rate at
which sediment can infill reefs. This influx is primarily from sediment
resuspension, and it does not result in significant net sedimentation
on the surfaces of the study zones. Gross sedimentation rates were

Fig. 1. A Study region shows regional setting of the
algal ridges, the extent of the algal ridge system along the
northeast shore of Stocking Island and the location of the
two transects. Transect T1 is 100 m northwest of T2 but
both fall within the mark labeled ¹ransects. B Cross
section of the Stocking Island algal ridge showing its
present-day relief, reef zones, and reconstructed relief
prior to Echinometra bioerosion (dotted line, see
Macintyre et al. 1996). The section also identifies reef
facies, position of core holes (vertical lines), radiocarbon
dated sample for determining algal ridge accretion rates
(dark circle on seaward-most core hole), and locations
where samples of Pleistocene limestone were collected
(asterisks). The species Neogoniolithon strictum
comprised all the branching coralline algal facies forming
the algal ridge, and most of the encrusting coralline algal
facies. Arrows indicate location of N. strictum settlement
substrata and transplants (¹ ) and sediment traps (S)
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determined by placing three replicate sediment traps in each zone of
the ridge-reef complex along the transect from fore-reef to back-reef
zones (Fig. 1b). Sediment traps were 300 mm long and 50 mm in
diameter. Trap openings were flush with reef and ridge surfaces.
After measuring sediment thickness, traps were flushed clean. Traps
were first monitored on 3 June 1992 and checked 10 times over the
next seven months (216 days) at intervals ranging from two days to
three months. From this we learned that sediment traps fill within
two days so only intervals of a day or less between readings could be
used. The new protocol measured sediment accumulation after traps
were flushed over single-day periods from 6 January 1993 until 13
May 1993. During that 127 day period, 13 readings were taken two
to five times each month except for April when poor weather
prevented readings. The 13 readings at each of the three replicated
traps at each of the three zones yielded a total of 117 measurements
of daily gross sedimentation rates.
To monitor sediment movement in the back reef, six marked
stakes were driven through the sand into pavement along a 25
m transect that paralleled the shore. Stakes protruded from the
sediment surface to a height of about one meter when established in
June 1992. Sand height was measured to a calibrated mark on 23
days during 9 of the following 12 months (missed months were
October and December of 1992 and April of 1993). Variance for all
measurements are expressed as plus or minus one standard deviation (SD) unless indicated otherwise.

Neogoniolithon strictum recruitment, growth and survival
experiments
To determine coralline settlement, recruitment, and survival rates we
used nontoxic underwater epoxy (Splash Zone Compound, Koppers
Co.) in standard plastic petri dishes (8 cm diameter) that were bolted
to PVC pipes placed at five separate locations in each of the back
reef, reef flat and fore reef zones. The epoxy without N. strictum
plants served as settlement and recruitment substrata for the corallines. We also transplanted N. strictum plants embedded in the
epoxy putty at each location (modified techniques of Steneck and
Adey 1976) to determine survival and growth of the species in each
of the three zones (Fig. 1b). A total of 15 settlement substrata and 15
coralline transplants were examined.
To determine vertical branch growth rates as a function of depth,
additional N. strictum plants were taken from one area on the fore
reef and transplanted to the fore reef face at 2.3 m and 1 m (MLW)
depths (Fig. 1b). Nine plants were placed at each depth in June 1992
and branch growth was measured with calipers to the nearest
0.1 mm one year later.

Herbivory
Herbivory was assessed by measuring the population density and
body size of all mobile benthic invertebrates in quadrats. Quadrats
were 25]25 cm and were haphazardly tossed near each of the five
stations in each of the three zones (Fig. 1b). Qualitative nocturnal
observations for herbivores were also made.
To compare fish grazing at Stocking Island with that reported
elsewhere, bite rates were measured by marking five areas of 1 m2
each, on each of the three zones (Fig. 1b) along the two reef transects
(i.e., a total of 30 observation stations). At each station, the square
meter was watched for a period of five minutes and the number of
bites from all species of fish was recorded. Bite-rate determinations
for all herbivorous fish species were analyzed by functional groups of
excavating, denuding, and nondenuding grazers (after Steneck 1988).
Usually one or two such observations were made for each station
each day (methods of Steneck 1983, 1994; Steneck and Dethier 1994).
Additional visual bite-rate determinations were made to assess herbivory in the west Exuma Sound region and at coral reefs in the
vicinity of the algal ridges and stromatolites.

Results
Algal ridge morphology, petrology and distribution
Core samples indicate that most of the fore reef of the
Stocking Island bioherm is comprised of coralline algae
and thus is an algal ridge (sensu Adey 1978; Fig. 1b). The
most extensive and massive algal ridge of the Exuma Cays
occurs at Stocking Island. It extends for 3 km along the
windward coast and is up to 3 m in vertical relief (Fig. 1b;
Reid and Browne 1991). Its seaward edge although diminutive is similar in morphology to other algal ridge systems found throughout the Caribbean and Pacific. The
near-vertical to concave fore-ridge slope includes caves
identical to the ‘‘room and pillar’’ structures described for
the Bikini Atoll algal ridge system (Tracey et al. 1948) and
found in Caribbean algal ridges (Adey 1975; Adey and
Burke 1976). Although relatively recent bioerosion by the
urchin Echinometra lucunter may have destroyed most of
the emergent intertidal lip on the outer edge of the Stocking Island algal ridge system (Fig. 1b; Macintyre et al.
1996), in places the lip persists.
Samples from core holes drilled through the algal ridge
at Stocking Island (Fig. 1b) indicate that the branching
form of Neogoniolithon strictum formed a very dense limestone, as thick as 1.47 m on the outer edge of a Pleistocene
terrace. Core recoveries from this hole ranged from 75 to
100%. This branching coralline algal facies also was recovered from two back-reef core holes in which a small
accumulation was found on a raised section of the Pleistocene surface that subsequently was buried beneath
stromatolite buildups (Fig. 1b). Details of the geological
history of this algal ridge/stromatolite reef complex are
reported elsewhere (Macintyre et al. 1996).
The algal ridge limestone consists predominantly of
branching N. strictum, some in growth position and some
fragmented (Fig. 2). Encrusting forms of N. strictum also
occur in patches (discussed later), along with very low
abundances of other species of unbranched coralline algae
such as N. accretum, N. moricatum, Paragoniolithon
sp., ¸ithoporella atlantica, ¸ithophyllum intermedium,
Porolithon pachydermum and ¹itanoderma sp. The largecelled, translucent central tissue in the branches of
N. strictum (Fig. 2) and in its unbranched encrusting form,
makes this species especially easy to identify in thin section. The noncoralline encrusting red alga Peyssonnelia
sp. was found in some samples. This framework of coralline algae is commonly encrusted by the foraminifera
Homotrema rubrum, worm tubes, vermetid gastropods,
and calcified filaments of the green alga Ostreobium sp.
The dense nature of the algal ridge limestone is related
to the extensive sediment infill that is trapped by the
baffling action of the open-network of branching N. strictum. This poorly sorted sediment infill consists predominantly of fine to medium rounded micritic grains, which
commonly have a superficial oolitic coating. Scattered
throughout this sand are sand- to gravel-size skeletal
fragments of molluscs, encrusting coralline algae, porcellaneous benthic foraminifera, with minor traces of Halimeda, echinoderms, corals, Homotrema, and worm tubes.
Lithic fragments of Pleistocene blocky-cemented calcarenite are also common.
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Fig. 3. Emergent algal lip comprised entirely of N. strictum at outer
edge of Highborne Cay ridge system. Inset: details of a delicately
branched hemispherical head of N. strictum that forms this ridge
(scale"10 cm)

Fig. 2. Photomicrograph of a thin sectioned N. strictum branch
showing its characteristically translucent central tissue (i.e.,
‘‘medulla’’). Translucency results from the large, thin-walled cells
that comprise this tissue and is found in both branched and unbranched thalli.

Subsequent submarine lithification of this branching
coralline algal limestone gives it a well-indurated texture.
This lithification is common in reef environments of high
wave energy or slow rates of accumulation (see review by
Macintyre and Marshall 1988), and consists predominantly of dense to peloidal Mg-calcite ‘‘internal micrite
precipitates’’ (Reid et al. 1990). In addition, rim cements of
both acicular aragonite and dentate Mg-calcite are common.
The encrusting coralline algal facies, which was found
in areas of abundant sediment adjacent to the beach and
capping fore reef erosional pinnacles (Fig. 1b), is dominated by the unbranched encrusting form of N. strictum
(discussed later). Small amounts of the branching form of
this alga also are found, but other species of ridge-building
crustose coralline algae such as ¸ithophyllum congestum
are notably absent. As was found in the branching coralline algal facies, this algal framework was also commonly
encrusted by the foraminifera Homotrema rubrum, tubules
of the boring green alga, Ostreobium sp., and worm tubes.
This facies contains submarine lithified sediment infillings
similar to those found between N. strictum branches.
Algal ridge morphologies on Highborne Cay were similar but smaller (i.e., 1 m relief) than those of Stocking
Island. At Highborne, however, the emergent seaward
algal lip of N. strictum heads was more pronounced and
extensive along the 2.5 km algal ridge/stromatolite reef
system (Fig. 3). Although drilling was not undertaken at
this site, we manually excavated the ridges and found
significant thicknesses of branched N. strictum limestone
extending to depths of more than 20 cm. At other locations along the Exuma Cays, we found algal cup reefs

(sensu Ginsburg and Schroeder 1973) in which an emergent N. strictum algal lip rimmed coral patch-reefs (north
beach at Bock Cay, east beach at Halls Pond, east beach
at Ship Channel Cay and Iguana Cay). These maintained
emergent constructional lips, but may have been coralline
veneers.
The Bahamian algal ridges are relatively diminutive
(Table 1) but they are most unusual because they are
constructed by Neogoniolithon strictum (Figs. 1, 3, Table
1). Of the 13 radiocarbon-dated samples used to reconstruct reef morphogensis (Macintyre et al. 1996), only one
was entirely within the branching coralline algal facies
(Fig. 1b). This date corresponds with the sequence of
development described by Macintyre et al. (1996) and
suggests that although the ridge grew or accreted at a very
low rate, it was within the low range of rates reported
elsewhere (e.g., Boiler Bay, St. Croix; Table 1). The low
growth rates for these ridges is probably due to their
shallow habitat and the low rate of sea level rise during
their formation ((0.9 m/1000 y over the last 3 m of sealevel rise; Lighty et al. 1982).
Algal ridge ecology
For algal ridge development, ridge-building corallines
must germinate, survive and grow. Factors said to impede
significant coralline and ridge development include sediment accumulation (Adey and Burke 1977), desiccation
(Steneck 1986), and herbivory (Adey 1975, 1978; Adey and
Vassar 1975; Steneck and Adey 1976). We conducted
experiments to examine these factors at several sites
across three zones along the algal ridge/stromatolite reef
complex off Stocking Island (Fig. 1b).
Sediment dynamics
Carbonate sediments are constantly being deposited and
resuspended at all the stromatolite reefs and algal ridges
of Exuma Cays (Reid et al. 1993; 1995). Net sediment
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Table 1. Comparisons of
thickness and vertical growth rate
(m/1000 y) of algal ridges of the
Caribbean. Although most ridges
of the Lesser Antilles are
dominated by either Porolithon
pachydermum or ¸ithophyllum
congestum, usually both species
are present and occasionally they
co-dominate the constructional
components. The Stocking Island
ridge is virtually devoid of those
species and is a near monoculture
of N. strictum

Region

Ridge location

Thickness (m)

Ridge growth
rate

Dominant species Reference!

Bahamas
Martinique
Martinique
Martinique
Guadaloupe
St. Croix
St. Croix
St. Croix
St. Croix

Stocking Is.
Pinsonelle
Ramville Is.
Lezard Is.
Chateaux Point
Issac Bay
Robin Point
Jacks Bay
Boiler Bay
(Shark)

1.5
8.5
4
5
3
5.8
5.2

0.41—0.46"

N. strictum
P. pachydermum
P. pachydermum
P. pachydermum
P. pachydermum
¸. congestum
¸. congestum
¸. congestum
¸. congestum

1.2

5.6
0.5—5.2

1
2
2
2
3
4
4
4
4, 5, 6

! 1, this study; 2, Adey et al. 1977; 3, Adey and Burke 1976; 4, Adey 1975; 5, Adey and Vassar 1975; 6,
Bosence 1984
" Calculated from radiocarbon date of 2370$110 y BP of N. strictum collected from a depth of 0.97 m
below surface to 1.07 m below reconstructed surface (see Fig. 1b, and Macintyre et al. 1996 for
a description of the 13 dates used to reconstruct this stromatolite-algal ridge complex)

Fig. 4. Average gross sedimentation rates or sediment influx rates
(vertical bar is $1 SD) in three reef zones (three traps per zone; see
Fig. 1b for locations, see text for details). Data from 6 January 1993
until 13 May 1993 (127 day duration). Differences were not significant (ANOVA, F"1.9, DF"2, P"0.164)

Fig. 5. Coralline spore recruitment on underwater epoxy. See text
for details. Five settlement plates were distributed along the ridgereef complex within each of three zones. Assessments were made one
year after placement. Successful settlement only occurred on the fore
reef

accumulation and effect was greatest in the back reef at
Stocking Island where shifting dunes innundated our
transplant experiments for 133 days (to an average depth
of 137 mm ($184 SD) on 28 June 1992), and increasing to
a maximum sediment thickness of 485 mm ($132 SD) on
15 August before being uncovered (!14 mm$16 mm,
SD) by 8 November 1992. Although there was no conspicuous net accumulation of sediment in the reef flat or
fore reef zones due to resuspension, very high rates of
gross sedimentation of around 200 mm/d were recorded
in sediment traps in all zones (Fig. 4). Undoubtedly this
high rate of gross sedimentation in the fore reef contributed to the sediment infilling of the branches.

too small to determine species, although all observable
characters were consistent with them being N. strictum.
Since equal areas of hard epoxy-putty substrata were
placed in each zone, the different patterns of settlement
success probably reflect the effects of net sedimentation in
the back reef and desiccation on the reef flat.
Survival of transplanted N. strictum (Fig. 6a) was
greatest on the fore reef, poorer in the back reef and
virtually nonexistent on the reef flat where, within 24 h,
most transplanted crusts turned white. N. strictum survived in the back reef zone despite extended periods of
sediment innundation (Figs. 6, 7). However, after being
buried, the coralline grew with an unbranched, encrusting
laminar morphology (Fig. 6b).
Lateral growth rates of transplanted N. strictum thalli
averaged 14.8 mm/y ($10.7 SD, n"3 transplants) in the
fore reef, 9.8 mm/y ($2.9, SD; n"5 transplants) in the
back reef and 5.1 mm/y ($3.4, SD; n"6 transplants) on
the reef flat. Reef flat measurements involved tiny patches

Neogoniolithon strictum recruitment, growth and
survival experiments
After a year, coralline algae settled and recruited only on
fore reef settlement substrata (Fig. 5). The recruits were
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Fig. 7. Survival of tranplanted N. strictum into three reef zones (see
Fig. 1b). Transplant experiment was initiated in May 1992 and
terminated after 345 days. Reduced survival in the back reef is due to
sediment stress. Desiccation caused all colonies to die on the reef flat.
N. strictum transplant survival rates in the back reef and fore reef
zones were significantly different (¹-test, t-statistic"2.6, DF"19,
P"0.015)

0.4 mm/y ($3.0 SD) at 2.3 m. The former growth rate of
branches is comparable to that found for the more massively branched algal ridge building coralline ¸ithophyllum
congestum (i.e., 8 mm/y, Steneck and Adey 1976).
Herbivory

Fig. 6A, B. Neogoniolithon strictum transplant experiment. A Initial
N. strictum transplant in epoxy putty. B Transplant after 345 days in
the back reef environment having been covered by sediment for over
100 days. Note coralline growth continues laterally but without
developing protuberances

of N. strictum that survived desiccation. In the fore reef,
where N. strictum grew most rapidly, lateral rates were
comparable to those reported for ¸ithophyllum congestum,
another ridge-building branched coralline (10.8 mm/y,
Steneck and Adey 1976). However, other unbranched
corallines of Caribbean algal ridges are capable of much
more rapid growth. For example, Porolithon pachydermum grows at a rate of 26.4 mm/y and species of Paragoniolithon and other Neogoniolithon spp. grow at average
rates ranging from 22 to 28 mm/y (Adey and Vassar 1975).
Vertical growth rates of undamaged N. strictum
branches were 6.8 mm/y ($5.5 SD) at 1 m and only

Herbivorous invertebrates were absent or rare from both
the back reef and reef flat zones (20 quadrats in each
zone). Evening excursions looking for grazing gastropods
(Cerithium sp.) found none grazing, although cerithid
shells occupied by hermit crabs of unknown trophic habit
were observed. Herbivorous molluscs were found at very
low densities on the fore reef. Two small (6 mm shell
length) key hole limpets, Fissurella angusta, and one
chiton (2 mm length) were found in 15 quadrats sampled
on the two ridge transects (T1 and T2).
The most abundant invertebrate herbivore was the
small black regular echinoid, Echinometra lucunter, which
burrows into the ridge and feeds mostly on drift algae
(Abbott et al. 1974). Typically this herbivore is confined to
its burrow, which is consistent with our observations at
high and low tides during night and day. Because graze
marks on corallines are so easy to see and identify
(Steneck 1983), the absence of such marks on the algal
ridge suggests urchins are relatively unimportant as grazers in this system. However its burrowing activity creates
significant bioerosion, especially when it occurs at very
high population densities. We recorded 55 urchins/m2
($24, SD; n"8) at T1 and 14 urchins/m2 ($23, SD;
n"7) at T2 on the Stocking Island algal ridge. The
possible impact of echinoid bioerosion is represented by
the dotted line (Fig. 1b) suggesting where an algal lip is
likely to have existed once (Macintyre et al. 1996). Away
from our transect on Stocking Island and at other algal
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ridges such as Highborne Cay where urchin densities were
lower and patchy (6 urchin/m2$17, SD; n"8) or
nonexistent, this lip was well developed and emergent at
low tide (Fig. 3).
Herbivory from parrotfishes (i.e., Sparisoma spp. and
Scarus spp.) is said to be the most important bioerosive
process impacting the development of algal ridges (Adey
and Vassar 1975; Steneck and Adey 1976; Adey 1978).
They have the greatest per-bite bioerosive impact on carbonate substrata (Steneck 1986, 1988), and they are the
only herbivores known to be capable of removing coralline branches (Steneck and Adey 1976; Steneck 1986).
Grazing rates from calcium carbonate-excavating herbivorous fish (i.e., parrotfish) were greatest on the algal ridge
fore reef at Stocking Island, but they were one order of
magnitude lower than on coral reefs in the vicinity and at
other locations along west Exuma Sound. Further, the
grazing rates we recorded in the Exumas were two orders
of magnitude lower than those reported for coral reefs
elsewhere in the Caribbean (Jamaica or St. Croix; Table 2).
Lower rates of parrotfish grazing at Stocking Island allowed transplanted branches of N. strictum to persist at
the fish-accessible depth of 2.3 m without any apparent
loss, whereas the more robustly branched ¸. congestum,
when transplanted identically to the fore reef of an algal
ridge in St. Croix had all its branches grazed off within
a year at depths below 0.7 m (Steneck and Adey 1976). No
herbivorous fish were observed feeding on the reef flat (40
observation periods at T1, 24 periods at T2) or back reef
zones (30 periods, T1, 30 periods T2), while moderate rates
of grazing in the fore reef from denuding herbivores (ocean
surgeon, Acanthurus bahianus and blue tang, A. coeruleus)
averaged 120 bites/m2/h ($700, SD) and 780 bites/m2/h
($2000, SD) for transects T1 and T2 respectively.
Discussion and conclusions
Adey and Burke (1977, p. 73) concluded that ‘‘algal ridges
are unknown in the ... Bahamas where wind strengths and
directional consistencies are much lower than in the ¸esser
Antilles.’’ They also argued (p. 72) that ‘‘¸acking any
mechanisms for cleaning themselves of quantities of sediment, most crustose coralline algae could not build frameworks in areas of continuous sedimentation.’’ Thus the algal

ridges along the Exuma Cays are unique because they
exist under conditions of relatively low wave energy, high
and continuous sedimentation, and are constructed by
a near monoculture of the relatively delicately branched
coralline Neogoniolithon strictum. Further, it is possible
the unique characteristics of this alga permit the development of algal ridges under these sediment-impacted conditions.
Most algal ridges in the Caribbean are composed of the
stoutly branched and architecturally robust (i.e., ‘‘anastomosed’’) coralline ¸ithophyllum congestum (Steneck and
Adey 1976). This species dominates under conditions of
moderately high wave-energy but loses its dominance to
the unbranched and more massive Porolithon pachydermum where wave energies are greater (Adey and Burke
1977). If, as suggested, such wave action is necessary to
reduce herbivory from carbonate-excavating herbivores
such as parrotfishes (Adey and Vassar 1975; Steneck and
Adey 1976), then it is possible that the inherently low
levels of parrotfish grazing at the Stocking Island algal
ridges and reef environments along the west shore of
Exuma Sound (Table 2) make high wave-energy unnecessary. Further, nongeniculate coralline protuberances that
are much higher than they are wide are most susceptible
to the damaging action of waves and parrotfish grazing
(Steneck 1986). Thus, the delicately branched form
N. strictum may only be able to survive and form algal
ridges in environments with lower wave-energy.
Although most corallines cannot survive in sedimentdominated environments, N. strictum is commonly found
there (Bosence 1985). This species has unusually abundant
multiple cell fusions throughout its thallus (particularly in
the hypothallium and medullary region of branches),
which may act as conduits for photosynthates (Steneck
1986). The large, thin-walled and multiply-fused cells of
the hypothallus and medulla regions appear translucent in
thin sections (Fig. 2). If these regions also function to
enhance translocation throughout the alga (Steneck 1986)
then they may explain the unique ability of this coralline
to persist when much or all of the thallus is buried under
the sediment (Figs. 6, 7). Lateral growth without branch
formation seems to be triggered by sediment innundation
(Fig. 6). This allows the alga to increase its occupied space
and thus enhance its chances of persisting in areas periodically covered by sediment. This species is easily identified

Table 2. Comparison of parrotfish grazing in shallow fore reef environments of similar depths. Two reef transect areas studied at Stocking
Island, identified by T1 and T2, are separated by more than 100 m. At T1 there were 47 five minute observations over a period of 9.9 days. At
T2 there were 14 observations over a period of 8.1 days. Note generally lower levels of parrotfish grazing at eight reefs along the western side of
Exuma Sound than other coral reefs of the Caribbean (e.g., St. Croix and Jamaica)
Location

Year

Bites/m2/h

St. Croix
St. Croix
Jamaica
Jamaica
Stocking Island
Stocking Island
W. Exuma Sound (8 reefs)

1983
1988
1978
1987
1992 (T1)
1992 (T2)
1993

625
510
215
365
3.1
0.9
41.7

St. Dev.

29.8
4.6
19.6

Observation
periods

40
14
132

Reference
Steneck 1994
Steneck 1994
Steneck 1994
Steneck 1994
This study
This study
This study!

! Eight coral reef systems evenly dispersed between Stocking Island and Highborne Cay (Fig. 1a). Sites described in detail in Reid et al. (1995)
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when branched (Bosence 1985) but could easily be misidentified in the field under sediment-dominated conditions (Fig. 6). Most of the ‘‘encrusting coralline algal facies’’ (Fig. 1a) is unbranched N. strictum. Because the
anatomy of this coralline is so distinctive (Fig. 2), it is easy
to identify in thin section regardless of its morphology.
Even N. strictum cannot establish itself in sedimentimpacted environments, because spores appear to require
hard, relatively sediment-free substrata for successful germination and growth (Fig. 5). However, the insular shelf
off the Exuma Cays, at the time of the initial reef and ridge
development (ca. 3000 y BP), may have had considerably
less sediment than it does today. Much of the Great
Bahama Bank region was emergent (Boardman et al.
1989) and these reefs were developing on the steeply sloping outer-face of Pleistocene rock (Fig. 1b). Once established, the algal ridge vertical growth (Table 1) could have
easily matched the rate of sea level change at that time. As
the bank flooded, sediment movement and availability
may have increased. N. strictum is the only coralline to
dominate and grow under this sediment-stressed environment, and the seaward algal ridges of the Exuma Cays
developed. Today at the Stocking Island algal ridge, this
species is the most vigorous in terms of recruitment, vertical and lateral rates of growth and survival in the shallow
fore reef zone (Figs. 5 and 7).
The Neogoniolithon strictum algal ridges of the Exuma
Cays survive, and even flourish, in environments of lower
wave energy and heavier sedimentation than are commonly associated with algal ridges. Regionally low herbivory also may play an important role in the success of
these ridges since this ridge-building coralline is particularly susceptible to parrotfish grazing. Under further
reduced wave energy, however, bioerosion from
Echinometra lucunter may take a toll, and result in the loss
of the constructional lip of the algal ridge (e.g., Adey 1975;
Macintyre et al. 1996).
Neogoniolithon strictum algal ridges may not be unique
to the Bahamas. Similar build-ups dominated by N. strictum have been observed in South Water Cay, Belize (Mark
Littler, personal communication 1995) and along the
Caribbean coast of Costa Rica (Jorge Cortes, personal
communication 1994). These will have to be drilled or
excavated for confirmation. However, these regions also
are reported to lack the consistently strong easterly winds
said to be necessary for algal ridges elsewhere in the
Caribbean (Adey 1978). It is interesting that no significant
N. strictum bioherms have been reported where the better
known and more robust ¸ithophyllum congestum and Porolithon pachydermum -dominated algal ridges of the Caribbean prevail.
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