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Sedimentation resulting from the direct and indirect effects of coastal development is an increasing threat to
Caribbean coral reefs. This study investigated taxonomic diversity, percent cover and successional patterns of re-
cruited organisms over a period of 30 months to understand the community-wide consequences of increased
coastal development and sediment supply along the northern coast of Jamaica. Terra cotta tiles were secured
to the reef and the communities inhabiting both the cryptic and exposed sides of the tiles were monitored. The
location with the highest sediment supply had the lowest Shannon diversity (H′; 1.37–1.41) and percent cover
of organisms inhabiting the cryptic tile sides after 30 months (bare space was between 37 and 40%). The cryptic
communities at each of the locations were similar in composition of organisms after 30 months; however, the
cryptic community trajectories (analyzed using the second-stage nMDS ordination) varied and two distinct clus-
ters were found, with themost impacted location differing from the other locations in the deep depth strata. The
exposed communities at all locations were primarily composed of macroalgae, turf and encrusting algae; the lo-
cation with the highest sediment supply had higher diversity of algae and lower amounts of turf than the other
locations. This study provides evidence that differences in sediment supply between these locations may play a
subtle role in structuring communities.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Coastal development (and the associated changes to sediment sup-
ply) is an increasingly prominent threat to reef ecosystems, as popula-
tion growth continues to expand on island nations in the Caribbean
(Fabricius, 2005; Rogers, 1990). In Jamaica, the island's residential pop-
ulation has been steadily increasing over the past few decades, but the
exponential growth in tourism (Alleyne and Boxill, 2003) is primarily
responsible for the development of resorts and hotels that have dramat-
ically altered the natural shoreline. Resort and highway construction
and the subsequent creation of beaches in areas previously composed
of limestone terrace (Land, 1973), have resulted in increased small-
grained (b63 μm), terrigenous sediment supply to adjacent reefs in
northern Jamaica (Stubler et al., 2015; Westfield, 2008).

Many reef organisms are affected directly and indirectly by in-
creased suspended and settling sediments, which may lead to diver-
gent community structure and assemblages in areas experiencing
sedimentation (McClanahan and Obura, 1997). Adult organisms
may be adversely affected by sediment stress, but it is often the juve-
nile and early developmental stages that are the most susceptible.
, Southampton Campus, 239

tubler).
Coral recruits, for example, have a much lower sediment tolerance
threshold than more mature or adult stages (Babcock and Smith,
2002; Fabricius et al., 2003; Phillipp and Fabricius, 2003). When ex-
posed to elevated sediment deposition, coral juveniles exhibit higher
mortality and are found in lower abundances (Babcock and Smith,
2002; Gilmour, 1999; Wittenberg and Hunte, 1992). The resultant
adult community tends to be dominated by corals that mature quick-
ly and have high reproductive output (Hunte and Wittenberg, 1992;
Wittenberg and Hunte, 1992).

While understanding the effects of sedimentation stress on the re-
cruitment patterns, survival, and community structure of hermatypic
corals is important, non-coral taxa are becoming increasingly dominant
on coral reefs (Bell et al., 2013; Norström et al., 2009). These sessile or-
ganisms, such as ascidians, polychaetes, and sponges may also be nega-
tively affected by sedimentation. Some ascidian species exhibit reduced
oxygen consumption when exposed to increased sediment concentra-
tions (Torre et al., 2012). Heavy sediment loadsmay clog the aquiferous
system of sponges as they filter feed; to prevent this, many sponges
have physiologically adapted and are able to close their intake ostioles
and suspend feeding during periods of sediment stress (Ilan and
Abelson, 1995; Nickel, 2004). Sponge communities exposed to seasonal
or long-term sedimentationwill shift and form different assemblages in
areas of high and low sedimentation (Maldonado et al., 2008). Other
sessile invertebrates may be affected as well, such as polychaetes,
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which have significantly reduced survival in areas of high sedimenta-
tion (Irving and Connell, 2002).

In addition to the direct effects of sedimentation on individual or-
ganismswithin the community, there are several indirect effects that
can cascade throughout the ecosystem. Sediment stress may change
the competitive advantage of organisms. This has been observed be-
tween freshwater rotifers and cladocerans exposed to siltation; cla-
docerans usually outcompete rotifers in food acquisition but when
concentrations of total suspended solids are increased, rotifers gain
a competitive advantage and dominate the zooplankton community
(Kirk, 1991). While specific changes in competition between benthic
organisms are more difficult to observe in the reef environment due
to the multiple and complex interactions that occur, it is easy to envi-
sion a scenario where alteration of competitive vigor may have detri-
mental cascading effects. For example, by affecting the growth and
survival of many sessile invertebrates, sedimentation may also reduce
spatial competition, thereby promoting the growth of sediment-
trapping macroalgae (reviewed in Fabricius, 2005). As macroalgae
trap sediments, it further increases localized sediment accumulation,
and subsequently negatively influences the recruitment of corals—a
necessary component of a healthy reef (Birrell et al., 2005; Box and
Mumby, 2007; Rogers, 1990). It is therefore crucial to understand
how sedimentation impacts the recruitment and succession of reef
organisms.

Community succession and development have been studied for
decades; traditionally observational, these studies sought to de-
scribe the basic recruitment and replacement processes that form
communities (Clements, 1936; Connell and Slayter, 1977; Odum,
1969; Underwood, 1994). Odum's (1969) successional theory posit-
ed that communities begin simply and acquire complexity in an or-
derly process of development and that the growth of an initial
community will physically alter the environment and therefore facil-
itate the colonization of superseding organisms until a final, climax
community is achieved. Classic successional studies of marine eco-
systems were undertaken in accessible, yet highly disturbed, physi-
cally unstable environments, such as the rocky intertidal (e.g.
Foster, 1975; Sousa, 1979).

As the scientific community endeavored to understand modern reef
dynamics in the 1960s, 1970s and 1980s, successional studies of coral
reef ecosystems also gained momentum. Many of these studies focused
exclusively on the succession of hard corals (e.g., Grigg and Maragos,
1974; Hughes, 1985; Loya, 1976; Pearson, 1981; Tanner et al., 1994),
largely ignoring other non-coral invertebrates (Jackson and Winston,
1982;Winston and Jackson, 1984). Today, while the literature is replete
with studies of coral—and more recently macroalgae—colonization dy-
namics (Ceccarelli et al., 2011; Fricke et al., 2011; McClanahan, 1997),
there remain few studies investigating the multitude of ancillary
colonizers populating the successional spectrum in coral reefs
(e.g., sponges, bryozoans, ascidians). Even within the studies that
focus on the recruitment and replacement patterns for other reef organ-
isms (Ceccarelli et al., 2011; Fairfull and Harriott, 1999), the motivation
behind the research often remains coral-centric.

Perhaps evenmore nascent, is the idea proposed abstractly byOdum
(1969) but expanded upon and championed by Sandin and Sala (2012)
that community succession may be a way to monitor the status and
health of an ecosystem in the face of anthropogenic disturbances and al-
teration. Recognizing the difficulty in assigning and subsequently mea-
suring one indicator of an ecosystem's health (which is often measured
by the performance of a single species; see Zacharias and Roff, 2001),
Sandin and Sala (2012) suggested that succession may be used as a
barometer of the overall functionality of an ecosystem. Building upon
decades of research on successional theory, they proposed that succes-
sional indicators could be used to resolve where an ecosystem lies on
the scale of degradation, such as inferring the ‘maturity’ of a community
by discerning the prevalence of r-selected (fast-growing, indicative of
an immature community) vs. K-selected organisms (slow-growing,
therefore indicative of a mature community). This method, which eval-
uates the response of the whole community, may be a more effective
way to evaluate stressors that may not have an equal impact on all or-
ganisms, affect certain life stages of organisms, or have time-lagged ef-
fects on organism development.

The study presented aimed to utilize successional theory, along
with traditional metrics used to characterize communities, such as
percent cover and Shannon diversity (H′), to understand the impacts
of anthropogenic sedimentation and coastal development on
community-wide recruitment and succession patterns on coral
reefs in northern Jamaica. Exposed and cryptic community succes-
sion was monitored after 6, 18 and 30 months on settlement tiles
at three locations with different degrees of coastal development
and sedimentation rates. Previous investigations of cryptic commu-
nity recruitment at these locations showed that post-settlement
mortality events seem to be higher for sessile organisms at the loca-
tion with the highest degree of coastal development (Stubler, 2015);
therefore, the present study aimed to determine whether the com-
munity assemblages and trajectory of successional development
would differ between locations. Specifically, this study sought to de-
termine whether the early-stage cryptic communities would be less
diverse and exhibit a higher percentage of bare space on the tiles at
the location with the highest adjacent development, and whether
this would translate into an altered community trajectory (succes-
sional development) compared to the locations with less develop-
ment. The succession of macroalgae and epibionts recruiting to the
exposed (top) sides of tiles was also investigated; the expectation
was that macroalgae would dominate communities at the location
with highest sediment supply, while locations with lower sedimen-
tation would have lower macroalgae coverage but higher coverage
of crustose coralline algae (CCA).

2. Materials and methods

2.1. Description of study locations

This studywas conducted on the northern coast of Jamaica,West In-
dies at three locations, each representing different degrees of coastal de-
velopment and sediment deposition (Stubler et al., 2015; Westfield,
2008): Pear Tree (N 18.465, W 77.343), Discovery Bay fore reef (N
18.473, W 77.412) and Dairy Bull (N 18.471, W 77.379) (Fig. 1a). Pear
Tree, the easternmost location in this study, was directly adjacent to a
large resort that was constructed in 2005, which resulted in approxi-
mately 25,000 m2 of artificially created and filled beaches (Westfield,
2008)—a 42% increase in beach area—along less than 2 km of shoreline.
Approximately 4 km to the west of Pear Tree, Dairy Bull has the least
amount of adjacent coastal development of the three locations. Finally,
theDiscovery Bay locationwas on the forereef justwest of theDiscovery
Bay inlet; this location was considered moderately developed due to its
proximity to several residential and commercial developments within
Discovery Bay. Bathymetrically, the study locations were very similar
with large spur and groove reef tracts present less than 1 km from the
shoreline. Full characterization of the environmental parameters at
each of the study locations is described by Stubler et al. (2015); temper-
ature, salinity, dissolved oxygen and chlorophyll awere found to be sta-
tistically similar among locations. Light levels measured at 8–10 m and
15–18 m at each location did not statistically vary among locations
(Stubler et al., 2015).

Sediment trap data previously collected at these locations (Stubler
et al., 2015; Fig. 1A) found that rates of sediment accumulationwere re-
lated to wind events. During low wind events (b10 m s−1), no differ-
ences in sedimentation rates among locations were found; however,
when sustained wind speeds were high (N10 m s−1), Pear Tree experi-
enced significantly higher rates of sediment accumulation compared to
Discovery Bay and Dairy Bull (Stubler et al., 2015). Sediments accumu-
lating at Discovery Bay and Dairy Bull were primarily carbonate-based



Fig. 1. A) Map of the three study locations along the north coast of Jamaica. Filled circles
denote locations: Discovery Bay fore reef (N 18.473, W 77.412), Dairy Bull (N 18.471, W
77.379) and Pear Tree (N 18.465, W 77.343). Sedimentation rates during high
(N10m s−1) and low (b10m s−1) wind events are shown in bar plots above each location
as means (±SE); see Stubler et al. (2015) for further details on sedimentation
B) Schematic of the tile layout at one location. Each location was divided into two sites,
an eastern and western, that were separated by N500 m; sites were further divided into
two depths, shallow: 8–10 m and deep: 15–18 m. At each depth, there were three tile
groups, which were N25 m apart from one another. Each tile group had 3 tiles, for a
total of 9 tiles at each site/depth combination. Filled squares denote individual tiles; at
each of the locations there were a total of 36 tiles.
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material with grain sizes N63 μm, likely derived from resuspension,
Halimeda debris, foraminiferan particles, and sediment from adjacent
sandy grooves.While sediment deposited at Pear Tree had a significant-
ly higher proportion of non-carbonate (insoluble), terrigenous silts and
clays (grain sizes b63 μm) than Discovery Bay and Dairy Bull (Stubler
et al., 2015; Westfield, 2008).
2.2. Macroalgal nutrient analysis

The carbon to nitrogen ratio (C:N) of macroalgae has previously
been used as an indicator of elevated allochthonous nutrients in
the water column (Lapointe, 1997). To determine whether assimilat-
ed nutrients varied at each location due to differences in water col-
umn nutrient supply, five stands of macroalgae (Sargassum sp.)
were collected from each location and depth (n = 30 in total).
Once collected, the algae samples were briefly rinsed in distilled
water to remove any epibionts and sediments before being dried at
60 °C for 48 h; once dried, algae were homogenized by milling into
a fine powder in preparation for nutrient analysis. Total C and N of
the algae samples were determined for each location and depth by
oxidation in a Costech 4010 Elemental Analyzer. Data are presented
as mole:mole ratios.
2.3. Succession tiles

Unglazed terra cotta recruitment tiles (12 cm×12 cm×1 cm)with a
hole (1 cm diameter) drilled through the middle, were oriented hori-
zontally parallel to the reef floor using permanent baseplates as sug-
gested by Mundy (2000). The baseplates, which were corrosion
resistant steel plates fastened to coralline rock with plastic screw an-
chors, had an upward-facing screw that allowed a single tile to be
mounted 3–5 cm above the substrate (Duckworth and Wolff, 2008).
Each location had 18 tiles placed in the shallow (8–10 m) and in the
deep (15–18 m); tiles were distributed between the eastern and west-
ern sites (n=9 at each site/depth).Within each site and depth stratum,
tiles were divided into three groups. Tile groups consisted of 3
baseplates that were each separated by a minimum of 1 m; care was
taken to ensure that the tile groups were separated from one another
by at least 25 m (Fig. 1B).

2.4. Sampling activities

The experiment began in early August 2011 when clean, uncondi-
tioned tiles were attached to the baseplates and left undisturbed until
the first sampling time point six months later (January 2012). During
sampling, tileswere removed and briefly placed in a custom-made cam-
era frame that held tiles at a fixed distance of 28 cm; tominimize distur-
bance to organisms, in situ photographs (Sony Cybershot DSC-T900
housed within a Sony Cybershot Marinepack; 12.1 megapixels) were
immediately taken of both sides (exposed = top, cryptic = underside)
of each tile. After photographs were taken, tiles were carefully placed
onto their original baseplates in the same orientation and photographed
again in the same manner after 18 and 30 months (January 2013 and
2014, respectively). Over the course of the 30-month study, 324 photo-
graphswere taken of the exposed and cryptic sides (648 photographs in
total).

2.5. Image analysis

To eliminate potential edge effects, photographs were first scaled
and then cropped using ImageJ (Abramoff et al., 2004) to remove the
outer 1.2 cm of the tiles, resulting in a 9.6 cm × 9.6 cm (92.16 cm2)
section from the original 12 cm × 12 cm surface. These edited photos
were then imported into Coral Point Count with Excel extensions
(CPCe) (Kohler and Gill, 2006), and scaled once more. Each organism
was traced to determine area coverage and then identified and
grouped into broad taxonomic groups (n = 16 categories: bare
space, coral, bryozoan, ascidian, sponge, polychaete worms, other
annelids, macroalgae, encrusting algae, turf algae, egg case, echino-
derm, foraminifera, crustacean, anthozoa (non-coral), mollusks). In
cases where certain taxa (e.g., polychaete worms, occasionally soli-
tary ascidians) were too abundant (N100 individuals) to be accurate-
ly and efficiently traced in Coral Point Count, all other organisms
were traced and the photograph was then re-imported into ImageJ,
rescaled and the total area of the overly abundant organism was
measured using the Color Threshold tool. The Color Threshold tool
allows areal measurement of features that are difficult to trace by
selecting all pixels that fall within a user-specified range of color in-
tensity and measuring the area.

2.6. Data analysis

For all data analyses, no differences between sites (western vs. east-
ern) were found within each location; therefore, site data for each loca-
tion were combined. When appropriate, data were tested for normality
using the Shapiro Wilk test and homogeneity of variances using
Levene's test; if data failed to meet these assumptions, data were trans-
formed appropriately. A two-way ANOVA was used to compare molar
ratios of C:N using location and depth as factors; no transformation
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was necessary as datamet assumptions of homogeneity of variance and
normality. For all analyses of exposed and cryptic sides of tiles that in-
corporated the 30-month time point, one deep tile group (n = 3 tiles)
was removed from the Dairy Bull location because an adjacent sand
bar shifted onto the tile group between the 18 and 30 month sampling
periods, scouring the surface of the tiles and visibly altering the commu-
nity structure. Therefore, the total number of cryptic community photo-
graphs analyzed for the 30-month time point was 105 photographs
rather than the 108 that had previously been analyzed at the 6- and
18-month time points. All univariate analyses were performed using R
2.15.1 (R Development Core Team, 2008).

Shannon diversity (H′) of the cryptic and exposed sides of individual
tiles was calculated from the percent cover data at each time point.
While the cryptic sides were analyzed at all time points, the exposed
sides of tiles were only analyzed at the 18- and 30-month time points
because the photos from the 6-month time point were corrupted
(n = 216 photos at 18-month time point and n = 213 photos at 30-
month time point). After appropriate transformations, analysis was per-
formed for the exposed and cryptic tile sides separately using a two-
way ANOVA of diversity as a function of location and depth for each
time point to understand overall differences in diversity at 6, 18 and
30months. Percent cover of major taxonomic groups (n= 16) on cryp-
tic and exposed sides was similarly assessed at each time point for dif-
ferences in location and depth.

Using the software PRIMER 6 (Clarke and Gorley, 2006), percent
cover data of sessile taxa on the cryptic sides of tiles were fourth-root
transformed and a Bray-Curtis dissimilarity matrix was created for
differences among sampling time points at each location and depth
and these were assessed using a second-stage MDS ordination. The
second-stage MDS ordination was constructed by creating a dissim-
ilarity matrix of all the first-stage dissimilarity matrices (Somerfield
and Clarke, 1995); this technique incorporated the community tra-
jectory throughout all samplings into a single profile and therefore
accommodated the repeated measures experimental design (Clarke
et al., 2006). A two-way analysis of similarity (ANOSIM) test was
then applied to the second-stage similarities (Chapman, 2003). The
exposed tile sides were not assessed in this manner due to the lack
of a 6-month time point; end-stage community differences (30
months) were assessed for the exposed sides by calculating the
Bray-Curtis dissimilarity matrix and visualized using an nMDS ordi-
nation. The effects of location and depth were tested using a two-
way ANOSIM for the exposed sides of tiles.

3. Results

3.1. Macroalgal nutrient content

Mean (± SD) C:N ratios of the Sargassum sp. samples were 18.6±
1.72 at Dairy Bull, 19.4 ± 1.99 at Discovery Bay and 19.7± 1.9 at Pear
Tree; no statistical differences in the C:N molar ratios were found
among locations and depths.

3.2. Cryptic recruitment patterns

Themost common groups recruiting to the cryptic sides of tiles after
6 months were polychaetes, sponges, bryozoans and macroalgae
(Table 1), which each contributed less than 12% to the total areal cover-
age. Bare space dominated the tiles after only 6 months (Fig. 2A); mean
bare space at each location ranged from 63.0–81.9% (Table 1). Both
location and depth were significant factors affecting percent cover
of bare space after 6 months (Table S1A; F(2,112) = 3.905, P =
0.023; F(1,112) = 9.164, P = 0.003, respectively); deep tiles were
found to have significantly more bare space than shallow. Pear Tree
had significantly more bare space than Discovery Bay (adjusted-
P = 0.02), but not Dairy Bull (adjusted-P = 0.11) at this early
stage. The main effects of location and depth were also significant
for the diversity of the cryptic community (Table S2; F(2,112) =
5.339, P = 0.006; F(1,112) = 11.285, P = 0.001, respectively). Tukey
HSD pairwise contrasts showed that Pear Tree had significantly lower
diversity than Discovery Bay (adjusted-P = 0.007) and Dairy Bull
(adjusted-P = 0.04).

After 18 months, the mean percentage of bare space decreased and
ranged from 30 to 48% across locations and depths (Fig. 2B). No signifi-
cant differences in percent cover of bare space were found among loca-
tions (Table S1B); however, depth was a significant factor (F(1,108) =
14.264, P b 0.001). The primary contributors to the shallow community
on the cryptic sides after 18 months were sponges (15.4–16.6%), bryo-
zoans (13.6–18.7%), encrusting algae (7.7–13.2%), followed by ascidians
(7.7–8.8%) and polychaetes (5.2–8.2%) (Table 1). The deep cryptic com-
munitywas dominated by sponges (11.9–15.1%), encrusting algae (7.7–
10.1%), ascidians (5.3–10.0%), polychaetes (8.2–9.6%) and bryozoans
6.9–9.1%) (Table 1). Overall, diversity increased between the 6-month
and 18-month time points but did not statistically differ among loca-
tions at this stage; diversity was significantly different by depth after
18 months (Table S2B; F(1,108) = 12.191, P b 0.001), with higher diver-
sity found in the shallows (Table 2).

Few changes in percent cover and diversity occurred between the
18- and 30-month time points, although bare space continued to de-
crease (Fig. 2c), and sponges and bryozoans increased to 17.7–24.8%
and 12.2–27.7% cover, respectively (Table 1). Percent cover of bare
space was significantly different by location, but not depth, after 30
months (F(2,103) = 8.284, P b 0.001). Mean (±SD) bare space at
Pear Tree was 40.5 ± 18.8% in the shallows and 37.0 ± 16.0% in the
deep stratum. Location effects were found in the analysis of cryptic
diversity at the 30-month sampling point (F(2,103) = 4.175, P =
0.018, Table S2C); Pear Tree exhibited lower diversity (Table 2), al-
though this was only statistically different from Discovery Bay (ad-
justed-P = 0.014). Throughout many of the sampling periods,
mean bare space by location was higher at Pear Tree as compared
to the other locations (Fig. 2), indicating that overall epibiont
recruitment at Pear Tree was lowest. Depth also affected overall re-
cruitment; more bare space remained on tiles positioned at the
deep (15–18 m) depth stratum as compared to the shallow (8–
10 m) stratum during the 6- and 18-month, although this statistical
significance was not found at the final 30-month sampling period.

In general, coral recruitment was low, however there were differ-
ences by depth, but not location. No difference in coral recruitment
was found after only 6months, but after 18 and 30months coral recruit-
ment was significantly higher in the shallow depths (18 months:
F(1,108) = 4.644, P = 0.03; 30 months: F(1,103) = 6.172, P = 0.01).
Encrusting algae (including CCA), displayed a difference in percent
cover at depth during the 6-month time point (shallow was higher;
F(1,112) = 22.849, P b 0.001); no further differences in percent cover
were found due to either location or depth at the 18 or 30 month time
points. Bryozoan coverage varied by time interval; location was signifi-
cant at the 6- and 30-month time points (6 months: F(2,112) = 11.497,
P b 0.001; 30 month: F(2,103) = 4.973, P=0.009), but not at 18 months
and depth was significant only at the 18-month time point (F(1,108) =
11.491, P b 0.001). Interestingly, no difference in percent cover of turf
algae, ascidians or sponges was found at any of the locations and depths
at any of the time intervals. An example of succession on the cryptic
sides of individual tiles after 6, 18, and 30 months placed in 15–18 m
depth at Dairy Bull and Pear Tree is shown in Fig. 4.

3.3. Exposed surface succession patterns

The major taxonomic groups covering the exposed surface of tiles
after 18 months was largely limited to turf algae (10.7–61.0%),
encrusting algae (21.6–56.9%), and macroalgae (1.6–18.4%); poly-
chaetes also colonized the exposed sides but contributed less than
2.2% to tile cover. Bare space was much lower on the exposed sides
of tiles compared to the cryptic sides, largely due to the high



Table 1
Mean (±1 SD) percent cover of major taxonomic groupings from the cryptic and exposed sides of tiles.

Side Time point Location Depth Bare space Coral Ascidian Sponge Annelid Macroalgae Encrusting algae Bryozoan Turf algae Other

Cryptic

6 months

Pear Tree
Shallow 70.4 ± 18.4 0.38 ± 0.61 3.2 ± 5.3 6.3 ± 13.8 10.5 ± 7.3 4.5 ± 4.2 1.4 ± 2.4 2.2 ± 3.9 0 ± 0 0.01 ± 0.03
Deep 81.9 ± 6.0 0.1 ± 0.12 1.4 ± 2.3 1.0 ± 1.9 11.7 ± 6.1 1.7 ± 2.5 0.6 ± 0.8 0.6 ± 1.2 0 ± 0 0.06 ± 0.24

Discovery Bay
Shallow 63.0 ± 19.4 0.5 ± .84 2.6 ± 5.8 7.0 ± 20.0 6.6 ± 4.7 8.5 ± 9.2 3.4 ± 3.3 6.9 ± 7.4 0 ± 0 0.4 ± 1.4
Deep 73.6 ± 13.7 0.31 ± 0.7 3.0 ± 4.1 5.6 ± 8.2 7.9 ± 4.2 4.6 ± 5.6 0.2 ± 0.4 3.6 ± 4.8 0 ± 0 0.01 ± 0.02

Dairy Bull
Shallow 71.1 ± 10.4 0.3 ± 0.6 2.2 ± 4.4 4.2 ± 7.6 8.3 ± 3.9 4.0 ± 5.2 2.4 ± 3.0 6.1 ± 7.1 0.2 ± 0.7 0.07 ± 0.1
Deep 74.4 ± 8.0 0.3 ± 0.4 1.8 ± 3.4 2.7 ± 4.9 10.0 ± 3.6 3.2 ± 4.2 1.0 ± 1.4 5.0 ± 5.1 0 ± 0 0.7 ± 3.1

18 months

Pear Tree
Shallow 40.1 ± 14.9 1.4 ± 2.4 7.7 ± 5.3 16.6 ± 19.5 5.2 ± 2.9 4.2 ± 2.8 7.7 ± 6.8 13.6 ± 11.1 0.3 ± 0.7 1.2 ± 0.9
Deep 44.4 ± 16.5 0.26 ± 0.4 9.6 ± 9.4 12.1 ± 13.2 8.2 ± 2.8 4.7 ± 5.6 9.8 ± 8.2 9.1 ± 9.1 0 ± 0 0.6 ± 1.3

Discovery Bay
Shallow 30.0 ± 16.1 0.42 ± 0.43 8.7 ± 8.5 15.4 ± 17.6 6.7 ± 4.1 5.6 ± 6.8 10.7 ± 8.3 18.7 ± 17.2 0.07 ± 0.3 2.3 ± 2.1
Deep 47.9 ± 19.0 0.34 ± 1.0 5.3 ± 5.5 15.1 ± 17.5 9.3 ± 4.8 4.8 ± 7.1 7.7 ± 9.1 7.3 ± 7.6 0 ± 0 1.1 ± 1.2

Dairy Bull
Shallow 32.8 ± 16.8 0.31 ± 0.46 8.8 ± 10.7 16.0 ± 23.7 8.2 ± 5.8 2.4 ± 2.9 13.2 ± 16.0 14.3 ± 12.9 0 ± 0 2.6 ± 1.9
Deep 44.5 ± 15.1 0.43 ± 0.45 10.0 ± 12.3 11.9 ± 18.4 9.6 ± 4.6 2.8 ± 2.6 10.1 ± 15.0 6.9 ± 8.9 0 ± 0 2.8 ± 4.6

30 months

Pear Tree
Shallow 40.5 ± 18.8 0.49 ± 0.7 6.8 ± 7.1 21.7 ± 27.8 5.6 ± 3.4 1.2 ± 2.8 8.6 ± 8.2 12.2 ± 10.7 0.4 ± 1.1 1.3 ± 1.4
Deep 37.0 ± 16.0 1.0 ± 0.16 6.6 ± 6.8 17.7 ± 20.9 7.6 ± 4.4 2. 9 ± 3.9 5.5 ± 5.6 2.1 ± 18.9 0 ± 0 6.1 ± 1.7

Discovery Bay
Shallow 22.2 ± 14.2 0.13 ± 0.19 8.4 ± 8.9 21.8 ± 20.7 5.9 ± 5.9 3.4 ± 4.6 6.5 ± 5.9 27.7 ± 17.9 0.5 ± 1.0 2.3 ± 2.7
Deep 26.0 ± 14.1 0.13 ± 0.29 7.9 ± 8.8 22.3 ± 18.9 9.2 ± 14.8 2.9 ± 4.2 6.2 ± 4.6 22.0 ± 14.8 0.5 ± 2.0 1.0 ± 1.1

Dairy Bull
Shallow 31.9 ± 17.2 0.24 ± 0.3 6.5 ± 6.3 22.8 ± 24.8 9.8 ± 12.4 1.9 ± 2.7 7.4 ± 6.6 15.3 ± 17.5 0 ± 0 2.8 ± 2.1
Deep 31.0 ± 14.3 0.13 ± 0.25 12.9 ± 13.8 24.8 ± 17.3 8.3 ± 5.7 1.5 ± 2.0 4.8 ± 4.1 14.4 ± 14.7 0.01 ± 0.05 1.0 ± 1.1

Exposed

18 months

Pear Tree
Shallow 8.8 ± 7.4 0 ± 0 0 ± 0 0 ± 0 0.4 ± 0.7 18.4 ± 24.5 45.0 ± 33.4 0 ± 0 27.4 ± 31.2 0.2 ± 0.5
Deep 27.8 ± 17.4 0 ± 0 0 ± 0 0 ± 0 2.1 ± 2.6 12.3 ± 12.8 40.6 ± 15.6 0 ± 0 17.3 ± 24.8 0 ± 0

Discovery Bay
Shallow 20.1 ± 11.3 0 ± 0 0 ± 0 0 ± 0 0.9 ± 1.0 5.7 ± 6.3 51.0 ± 23.8 0 ± 0 21.4 ± 29.9 0 ± 0
Deep 18.4 ± 18.9 0 ± 0 0 ± 0 0 ± 0 2.2 ± 2.5 11.8 ± 20.0 56.9 ± 28.1 0 ± 0 10.7 ± 22.7 0 ± 0

Dairy Bull
Shallow 5.6 ± 28.0 0 ± 0 0 ± 0 0 ± 0 0.4 ± 0.7 1.6 ± 4.0 31.3 ± 33.5 0 ± 0 61.0 ± 40.0 0.2 ± 0.8
Deep 26.8 ± 35.9 0 ± 0 0 ± 0 0 ± 0 0.6 ± 0.6 11.7 ± 16.9 21.6 ± 19.4 0 ± 0 39.3 ± 44.0 0.06 ± 0.2

30 months

Pear Tree
Shallow 6.6 ± 6.4 0 ± 0 0 ± 0 0.01 ± 0.04 0.36 ± 0.4 17.5 ± 21.9 52.9 ± 30.0 0 ± 0 22.4 ± 24.9 0.1 ± 0.5
Deep 21.6 ± 15.9 0.31 ± 0.13 0 ± 0 0 ± 0 1.0 ± 1.5 17.9 ± 19.4 58.9 ± 21.3 0 ± 0 0.6 ± 2.3 0 ± 0

Discovery Bay
Shallow 9.1 ± 7.9 0 ± 0 0 ± 0 0.8 ± 3.2 0.3 ± 0.6 9.5 ± 16.1 65.8 ± 28.5 0 ± 0 14.4 ± 25.2 0.1 ± 0.5
Deep 9.3 ± 9.2 0 ± 0 0 ± 0 0 ± 0 0.7 ± 0.1 16.1 ± 14.4 73.9 ± 16.2 0 ± 0 0 ± 0 0.02 ± 0.09

Dairy Bull
Shallow 0.0 ± 32.0 0 ± 0 0 ± 0 1.2 ± 5.2 0.2 ± 0.3 1.9 ± 4.4 56.1 ± 45.9 0 ± 0 40.7 ± 40.2 0 ± 0
Deep 25.3 ± 19.1 0 ± 0 0 ± 0 0 ± 0 0.9 ± 1.0 4.9 ± 8.3 58.0 ± 23.5 0 ± 0 11.0 ± 22.9 0 ± 0
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Fig. 2.Mean percent bare space (error bars represent 1 standard deviation of themean) on
the cryptic tiles at each location and depth combination after A) 6 months B) 18 months
and C) 30 months.

Fig. 3.Mean percent bare space (error bars represent 1 standard deviation of themean) on
the exposed tile sides at each location and depth combination after A) 18 months and
B) 30 months.
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percentage of colonization by photosynthetic organisms. The percent
cover of bare space (Fig. 3A) was statistically different by depth at the
18-month sampling period (F(1,102) = 15.034, P b 0.001, Table S3A)
but the main effect of location was not significant; there was also a sig-
nificant interaction between location and depth for the percent cover of
bare space (F(2,102) = 5.685, P= 0.005, Table S3A). Diversity of the ex-
posed sides of tiles was significantly different by location and depth
(Table S4A); exposed tiles at Dairy Bull, whichwere primarily colonized
by turf algae (shallow: 61.0% and deep: 39.3%) after 18months, had sig-
nificantly lower diversity than tiles at Discovery Bay and Pear Tree
(Tukey HSD: P b 0.001 for both; see Table 2 for mean diversity values).
Tiles in the deep (15–18 m) depth strata had higher diversity after 18
months than those in the shallow (8–10 m) depths (F(1,102) = 4.378,
P = 0.039; Table S4A).

After 30 months, patterns in percent cover of bare space on ex-
posed sides remained similar to those at 18 months (Fig. 3B). The
main effect of depth was significant (F(1,99) = 19.844, P b 0.001);
bare space was lowest overall in the shallows where means ranged
from 0.0–9.1% (Table 1). A significant interaction between location
and depth was also found (F(2,99) = 5.018, P = 0.008) (Table S3B).
Table 2
Mean (±1 SD) Shannon diversity index (H′) values for each location/depth combination over
point for the exposed tiles is missing due to corrupted data files.

Side Location Depth

Cryptic

Pear Tree
8–10 m

15–18 m

Discovery Bay
8–10 m

15–18 m

Dairy Bull
8–10 m

15–18 m

Exposed

Pear Tree
8–10 m

15–18 m

Discovery Bay
8–10 m

15–18 m

Dairy Bull
8–10 m

15–18 m
The dominant organisms on the exposed tiles were, once again,
encrusting algae (52.9–73.9%), turf algae (0.0–40.7%) and macroalgae
(1.9–17.9%); sponges, polychaetes and coral were also found (one
large Siderastrea siderans colony was found on a single Pear Tree tile)
(Table 1). Dairy Bull tiles had significantly higher turf algae coverage
(11.0–41.7%) compared to Discovery Bay (0–14.4%) and Pear Tree
(0.6–22.4%) (Tukey HSD: P= 0.002 and P= 0.02, respectively). Diver-
sity was different among locations (F(2,99) = 4.257, P = 0.017) but not
depth (Table S4B); Pear Tree diversity was significantly higher diversity
than Dairy Bull (Tukey HSD: P = 0.012) but not Discovery Bay (Tukey
HSD: P = 0.39).

After 30 months, encrusting algae (including CCA) was the dom-
inant spatial colonizer of the exposed tile sides at all locations, means
ranged from 52.9–73.9% (Table 1). Macroalgae were the next most
dominant group on tiles (Table 1); after 30 months, percent cover
of macroalgae was significantly lower at Dairy Bull than either Pear
Tree or Discovery Bay (Tukey HSD: P b 0.001 and P = 0.024, respec-
tively). Dairy Bull had the highest amount of turf coverage at both
time points compared with Discovery Bay and Pear Tree (18months:
Tukey HSD: P b 0.001 and P=0.002 and 30 months: Tukey HSD: P=
0.002 and P = 0.015, respectively); turf coverage was significantly
higher in the shallows after 30 months (F(1,99) = 22.469, P b 0.001)
than in the deeper strata. Polychaete cover was significantly
all three sampling time points for the cryptic and exposed sides of tiles. The 6-month time

6 months 18 months 30 months

0.90 ± 0.37 1.57 ± 0.30 1.37 ± 0.42
0.63 ± 0.16 1.49 ± 0.23 1.41 ± 0.21
1.06 ± 0.32 1.61 ± 0.25 1.54 ± 0.31
0.89 ± 0.35 1.37 ± 0.31 1.57 ± 0.25
0.97 ± 0.25 1.48 ± 0.39 1.46 ± 0.44
0.88 ± 0.21 1.40 ± 0.28 1.50 ± 0.24
– 0.93 ± 0.21 0.89 ± 0.40
– 1.02 ± 0.21 0.99 ± 0.26
– 0.94 ± 0.32 0.88 ± 0.34
– 1.00 ± 0.14 0.81 ± 0.31
– 0.55 ± 0.35 0.64 ± 0.36
– 0.72 ± 0.27 0.81 ± 0.27

Image of &INS id=
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Fig. 4. A–C: Succession of cryptic community at Dairy Bull in the deep depth (15–18m); photos are of an individual tile after A) 6 months, B) 18 months, and C) 30 months. D–F: Succes-
sional changes of the cryptic community at Pear Tree in the deep depth (15–18 m); photos are of an individual tile after D) 6 months, E) 18 months, and F) 30 months.
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different by location (F(2,102) = 4.544, P = 0.013) and depth
(F(1,102) = 12.365, P b 0.001) at the 18-month time point, but only
depth was significant at 30 months (F(1,99) = 8.734, P = 0.004). No
differences by depth or location were found for encrusting algae,
sponges, or corals at the final sampling time point (30 months). An
example of succession on the exposed sides of individual tiles after
18, and 30 months placed in the shallows of Dairy Bull and Pear
Tree is shown in Fig. S2.

3.4. Multivariate community analysis

The cryptic community assemblages were compared at each loca-
tion and depth through time using second-stage nMDS ordination
(Somerfield and Clarke, 1995; Clarke et al., 2006); ANOSIM revealed
that the cryptic community trajectory for the Pear Tree deep tiles
were significantly different than all other locations and depths
(R = 1.0, P b 0.05). Consequently, two distinct clusters of cryptic
community development were identified (one-way ANOSIM, R =
1.0, P b 0.001; Fig. 5A); one cluster was composed only of the Pear
Tree deep tile groups and one Pear Tree shallow tile group.

Exposed community composition was visualized using a first-stage
nMDS ordination at the 30-month sampling time point (Fig. 5B) and
an ANOSIM revealed that the deep Pear Tree exposed community was
significantly different (R = 0.514, P = 0.01) than the other tile
communities.

4. Discussion

In general, the patterns of successionwere consistent at all locations.
Fast-growing, colonial organisms such as ascidians, bryozoans and
sponges, along with polychaetes, rapidly colonized the cryptic sides of
tiles after just 6 months. After 18 months, bare space on the cryptic
sides had decreased by roughly 50% from the 6-month time point (Fig.
2B), and was largely replaced by sponges and bryozoans. One particu-
larly striking difference among the locationswas the lack of recruitment
(amount of bare space still remaining) on the cryptic sides of tiles after
30 months at Pear Tree (40.5 ± 18.8%; Fig. 2C). Turf algae, encrusting
algae, and macroalgae dominated the exposed sides with very few in-
vertebrates present even after 30 months (Table 1). Few slow-
growing species, such as corals or gorgonians, were found on any of
the settlement tiles regardless of location, even after 30months, indicat-
ing that these communities are still considered developmentally ‘imma-
ture’ and may not have achieved climax communities.

4.1. Cryptic community succession

Although successional patterns for sessile reef organisms have not
been evaluated as widely as coral and macroalgae, the trends in the
data presented here are similar to those reported in other studies. In a
successional study of a sub-tropical reef in southwestern Australia,
Fairfull and Harriott (1999) found that bryozoans dominated (N50%
coverage) the cryptic undersides of tiles during the first 6 months. In
their study, bryozoans, which maintained over 40% coverage at all
times, decreased on the cryptic sides and were replaced by hydrozoans,
ascidians and sponges after 9 months; this pattern held until the termi-
nation of their experiment at 29 months (Fairfull and Harriott, 1999).
Comparison of recruitment on a natural and artificial reef in the Red
Sea showed that, again, bryozoans and serpulid worms were the most
abundant recruits to experimental substrata during each of the 6-, 12-
and 18-month monitoring time points (Perkol-Finkel and Benayahu,
2007). Bryozoans dominated in this study as well (Table 1); however,
spongeswere equally adept at colonizing andmaintaining spatial cover-
age on the tiles regardless of location or depth.

In their classic studies, Jackson andWinston (1982) observed cryptic
communities inhabiting the undersides of foliaceous corals in Jamaica.
They found a similar composition of organisms described in the present
study; however, the percent coverage of bare space was less than 1% on
the corals examined in their study (Jackson and Winston, 1982). In a
follow-up study of recruitment over three years, Winston and Jackson
(1984) found that sponges and bryozoans, which together accounted
for 25% coverage of tiles at 18 months in this study, were either absent
or had very low percent cover (b10%) on their fouling plates after 18
months. They suggested this discrepancy in sponge and bryozoan cov-
erage between the observed cryptic community composition (where
sponges covered 18–51% and bryozoans 5–25%; Jackson and Winston,
1982) and the 3-year recruitment study (Winston and Jackson, 1984)
was evidence that the two taxa are adept spatial competitors, and as
such are expected to be highly abundant on older substrata (such as
the coral), but relatively absent on younger substrata (recruitment
tiles). The data collected in the present study do not reflect the same
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Fig. 5. A) Second-stage MDS ordination of the pairwise similarities between first-stage
matrices of Bray–Curtis dissimilarities (Clarke et al., 2006) of percent cover of taxonomic
groups on tile groups found at each location and depth. Each point represents the profile
of one tile group over all three sampling periods compressed into one point (second-
stage). Lines around points indicate 0.9 correlation between tile groups. B) A first-stage
nMDS plot of Bray–Curtis dissimilarities of exposed tile assemblages after 30 months at
Pear Tree (triangles), Discovery Bay (squares) andDairy Bull (circles). Lines around points
indicate 80% (0.8) similarity between tile groups. Each point represents a group of tiles,
which consisted of 3; one Dairy Bull tile group from the deep is not represented due to
an unplanned sedimentation event that required its removal from the analysis.
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delay in spatial dominance, as bryozoans and sponges together cover
~10% of the available space after just 6 months, between 20 and 30%
after 18 months and nearly 50% after 30 months on cryptic sides
(Table 1). The differences in bryozoan and sponge cover between the
3-year recruitment study performed by Winston and Jackson in 1984
and the present study may be an artifact of the different tile substrates
used; Winston and Jackson (1984) used asbestos-cement sheeting,
while the current study used unglazed ceramic terra cotta tiles. The
comparison of recruitment tile substrates has been well evaluated in
the literature (Field et al., 2007; Harriott and Fisk, 1987; Mundy,
2000) and although no individual study has compared asbestos con-
crete (likely because asbestos is no longer added to concrete) and
terra cotta tiles, several studies have found that ceramic terra cotta
tiles impart a smaller recruitment bias (Burt et al., 2009; Field et al.,
2007; Harriott and Fisk, 1987) than concrete, bricks, and coral slabs.

4.2. Exposed community succession

Studies of algal succession on reefs are more common than stud-
ies that investigate sessile invertebrate community development.
Unfortunately, the lack of a 6-month time point for the exposed
sides of tiles limited the direct comparisons that could be made to
other studies, except in the late-stage successional time points.
This limitation also prevented the detection of important patterns
that might have occurred in the initial colonization stages (e.g. any
differences in initial settlement and larval supply may have been
missed), decreasing the study's ability to discern differences be-
tween locations and depths in these early-stage communities. After
30 months, macroalgae coverage (such as Sargassum sp., Lobophora
sp. and Dictyota sp.) was highest at Pear Tree, followed by Discovery
Bay and Dairy Bull. In contrast, higher turf algae coverage was found
at Dairy Bull compared to Discovery Bay and Pear Tree; no location
differences were found for the encrusting algae (mostly CCA).

In a previous study of algal succession in Curacao, Fricke et al. (2011)
found that communities were largely dominated by cyanobacteria
(~50% cover) and the red alga, Herposiphonia sp. after 333 days. While
this study did not identify algae to the taxonomic level that Fricke and
colleagues did, therewere no cyanobacteria mats found on the exposed
tiles at any of the sampling periods. Another study compared algal
succession in Kenyan reefs outside of and within marine parks
(McClanahan, 1997). McClanahan (1997) found that in marine parks
where herbivorousfishwere present in high abundance, early algal suc-
cession was comprised almost entirely of turf algae, but over time
encrusting algae (primarily CCA) increased in coverage, while turf de-
creased. In contrast, reefs that were heavily fished and primarily grazed
by sea urchins had consistent coverage of turf algae throughout all six
time-points sampled in the 450-day study.

A survey of reef fish by Loh and Pawlik (2014) along the north
coast of Jamaica found that fish abundances are similar, albeit se-
verely depressed, at all three of the locations used in the present
study. McClanahan (1997) presented evidence that herbivores (fish
vs. urchins) influence algal succession on reefs; however, on overfished
reefs with low urchin abundance, such as those in Jamaica (Moses and
Bonem, 2001), algal succession is likely driven by alternate environ-
mental factors, such as nutrient loading, light availability, or sedimenta-
tion. However, the similar C:N ratios of Sargassum sp. material suggest
that there were no differences in nutrient supply among locations. Nei-
ther this studynor the study by Stubler et al. (2015) found statistical dif-
ferences in light among the study locations at each depth; although
differences in total suspended solids were found by Stubler et al.
(2015), with Pear Tree exhibiting the highest concentrations, followed
by Dairy Bull and finally Discovery Bay. Working in the Great Barrier
Reef, Schaffelke et al. (2005) found that turbid areas had higher
abundances of Sargassum sp. than areas with less turbidity. At the
location with the highest sediment supply (Pear Tree), higher
macroalgal growth and lower cover of turf algae (but not significantly
higher than Discovery Bay, which had low sedimentation) was ob-
served. Diversity of organisms (primarily various algae types) was
highest at Pear Tree compared to Dairy Bull after both 18 and 30
months. No difference in the coverage of encrusting algae (56–72%)
was found among the locations and depths. Although increased sedi-
mentation has been correlated with higher coverage of macroalgae in
previous studies (Schaffelke et al., 2005), there may be additional, un-
identified differences driving the composition of algae in this study.
Moreover, since no initial settlement data from the 6-month time
point was analyzed, propagule supply cannot be eliminated as a driver
of differences in algal communities on the exposed tile sides.

4.3. Multivariate community composition

At each location, the cryptic community assemblages and their rela-
tive contribution to percent cover were similar between the 18 and 30-
month samplings, indicating that, once established, the organisms and
their communities do not rapidly change. This may also suggest that
the climax community has been achieved, despite being composed pri-
marily of fast-growing, r-selected organisms, which are not typically
characteristic of climax communities (Odum, 1969). However, there is
evidence that the prevalence of r-selected organismsmay be symptom-
atic of damaged reefs. Jessen et al. (2014) experimentally simulated a
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eutrophied, overfished reef in the Red Sea and found that fast-growing
colonizers such as bryozoans, bivalves and polychaetes monopolized
caged recruitment tiles exposed to increased nutrients. Alternatively,
30 months may be too short a duration to achieve a climax community
even under ideal environmental conditions and the stabilization of the
space occupiers that was observed may have remained asymptotic for
years until lower probability recruitment of slow-growing, K-selected
organisms occurred. For example, Tanner et al. (1994) modeled reef
community dynamics and succession and found that while species di-
versity peaked after 2–6 years, the community equilibrium was not
achieved until 10–15 years.

The most compelling difference among locations was the lack of or-
ganisms recruiting to the cryptic undersides of tiles (indicated by the re-
maining bare space) over the course of 30 months. Space is a limited
resource on coral reefs and yet the cryptic sides of tiles remained largely
uncolonized (37–40.5%) at Pear Tree (Fig. 2C). This suggests that the or-
ganisms in this areamay not be reproducing at rates similar to the other
locations, that post-settlement mortality was higher, or some small-
scale inhibitory process (such as allelopathy) was occurring. Specific
mortality rates could not be discerned from the sampling times (sepa-
rated by 6 and 12 months) and design (in situ photographs only, no
voucher samples or laboratory/stereoscope inspection); however,
Stubler (2015) found that post-settlement mortality was likely a driver
of recruitment differences. Another explanation may be that the
elevated macroalgal growth on the exposed sides at Pear Tree led to re-
duced recruitment on the cryptic sides of tiles. Many macroalgae have
been shown to have detrimental impacts on invertebrate settlement
(Arnold et al., 2010; Box and Mumby, 2007; Kuffner et al., 2006) due
to allelopathic interactions, physical interruption of settling, or other
unidentified inhibitory effects. The exposed sides of tiles in the shallows
at Discovery Bay and Pear Tree had similar macroalgal coverages after
30 months (16–17%), yet bare space on the cryptic sides was 22.2% at
Discovery Bay and 40.5% at Pear Tree (Table 1), suggesting that
macroalgae cover on the exposed tile side was not related to recruit-
ment on the cryptic sides.

The overall trajectory of community changemay be a symptom of
underlying differences in environmental stressors among different
locations. The community trajectory could not be evaluated for the
exposed tile communities, but differences were found among the
cryptic community trajectories. Pear Tree deep tiles had a different
community trajectory than the other locations and depths over the
course of 30 months (Fig. 5A), and while there may be multiple ex-
planations for differing community development, it is likely that
these differences are attributable to sedimentation. To support this
statement, the data were reanalyzed to include the Dairy Bull deep
tile group that was excluded from the presented analysis after a
sand bar naturally shifted and engulfed the tiles. Interestingly, the
resulting community of the ‘sedimented’ Dairy Bull tile group is
more closely related to those tiles found at 15–18 m in Pear Tree
(Fig. S1). However, two of the shallow Pear Tree cryptic communi-
ties, despite also experiencing episodic sediment deposition, do not
group with the Pear Tree deep tiles and ‘sedimented’ Dairy Bull
tile; this suggests that although sediment may play some role in al-
tering communities, additional uninvestigated factors are likely
influencing the community development at these locations.

5. Conclusions

Recruitment and succession are just one aspect of community
health, and while they are not the only components that can be mea-
sured to determine whether a stressor is impacting the current and
future reef communities, they are often more integrative than sur-
veys of older, preexisting populations. This study sought to use met-
rics of community development over a period of 30 months to
resolve whether sedimentation is impacting the overall ecosystem
health at 3 locations along the north coast of Jamaica. No definitive
patterns of diversity, percent cover or community trajectory for ei-
ther the cryptic or exposed tile sides were found that suggested sed-
imentation is the primary driver of differences in community
development at these locations. Jamaican reefs have experienced
several ecosystem disasters since the 1980s—hurricanes, echinoid
disease and continuous overfishing; therefore, the patterns observed
here may not be representative of recent impacts (newly developed
coastline and increased sediment supply), but rather may reflect dif-
ferences in recovery from past disturbances. Future studies should
endeavor to compare community succession between healthy reefs
and damaged reefs to determine whether successional patterns can
be used as an effective tool to monitor reef response to anthropogen-
ic impacts.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jembe.2015.09.018.
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