








of coverage in September 2012 three years later at the end of the study (non-significantly).
The percent coverage of fleshy macroalgae other than L. variegata was equal for all
treatments and controls until the end of the study, when in September 2012 it was higher
for the Pads treatment. Thus, even though L. variegata diminished on the Pads, other
species showed the potential for maintaining a solid macroalgal presence or foothold on
the modules. In addition, the overgrowing sponge species D. anchorata steadily increased
on all treatments and controls throughout the study, and there was significantly greater
percent coverage of that species on the Pads treatment modules for the last four collection
dates (a full 2/3 of the length of the study). Consequently, the Pads treatment also had
significantly lower total coral and new coral recruit density than the other treatments and
controls in September 2009, and non-significantly in September 2012. Regarding coral reef
fishes, the Pads treatment had more surgeonfishes (Blue Tangs and Doctorfish), juvenile
grunts, damselfishes (Bicolor and Blue Chromis), and groupers and basslets (Graysby, Red
Hind, Mutton Hamlet, and Harlequin Basslet) than the other treatments. There were also
significantly more resident species on the Pads treatment, and more juveniles (non-
significantly). These points all lead to a conclusion that the invertebrate enhancing artificial
substrate padding material indeed has the ability to affect significant changes to
development of benthic and reef fish community structure, and therefore the use of pads,
as implemented here, as an integral part of an artificial substrate approach to restoration,
warrants additional research.

Fewer differences were detected between the Controls and Coral Transplants
treatments, but some were noteworthy. When total coverage of all benthic species was
combined (see Figure 6.15) and comparisons were made between treatments, the Controls
and Coral Transplant treatments were ranked evenly below the Pads and Settlement Plates
treatments when all dates were combined. Furthermore, when broken up by date, the Coral
Transplants treatment had the lowest or second lowest total percent coverage for six out of
seven collection dates (see Figure 6.16) (a full 92% of the study duration). Of particular
note, the Coral Transplants treatment had significantly lower percent coverage of L.
variegata macroalgae than the other treatments and controls for five out of seven dates,
and ranked higher than the controls for total fleshy macroalgae at the end of the study. In

addition, the Coral Transplants treatment was ranked lower than the Pads and Settlement
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Plates treatments for three out of four dates during the rise in dominance of D. anchorata
sponge from October 2008 through September 2009. However, interestingly the sponge
was still on the rise on the Transplants treatment at the end of the study in September 2012.
In addition, the Coral Transplants treatment had the highest abundance of other sponges
(excluding D. anchorata) for six out of seven collection dates, although the differences
were not significant. Thus, it appears that both macroalgae and sponges, L. variegata and
D. anchorata in particular, grew better on the Pads and Settlement Plates treatments than
they did on the Coral Transplants treatment. This was likely due to the greater spatial
coverage by the other treatments, as well as their greater surface complexity and substrate
suitable for attachment of macroalgal holdfasts and climbing support for the overgrowing
sponges. It therefore appears, the provision of greater structural complexity is of particular
importance for accelerating benthic community development during the early phases of
succession, and the resulting increases in diversity and coverage may perhaps lead to
advanced maturation and/or may more closely resemble assemblages on nearby natural
coral reefs.

New coral recruit density on Coral Transplants modules was higher than the other
treatments (but not controls) twice during the first 2 years of the study, in September 2007
and October 2008, and ranked significantly higher than the Pads treatment and even with
the Settlement Plates treatment in September 2009, and ranked second behind Controls for
September 2009 and September 2012. These results lend tenuous support to claims of
brooding coral transplants’ potential ability to influence settlement of larvae and recruits
onto nearby uncolonized substrates. However, in contrast, the relatively higher numbers of
coral recruits on the Coral Transplants treatments may have been merely the result of
greater availability of unoccupied settlement area and reduced changes of overgrowth,
rather than the presence of the coral transplants themselves.

It is worth noting that the Coral transplant treatment effectiveness was reduced by
the loss of live coral tissue that resulted from overgrowth by the sponge D. anchorata and
the eventual mortality of 70-80% of the coral transplants by the end of the study for each
of the transplant species. However, the additional vertical relief and structural complexity
provided by the coral transplants’ dead skeletons and concrete mounting pedestals

remained in effect throughout the duration of the study, and continued to provide anchor
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points and climbing support for the sponge. This is supported by the fact that D. anchorata
sponge coverage on the Coral Transplants treatment was still ascending at the end of the
study, exceeded only by the Pads treatment and decreasing on all other treatments and
controls. Once again, this may be simply due to the presence or absence of additional
complex substrate on the exterior surfaces.

The Settlement Plates treatment may have had some influence on biotic
assemblages, considering the significantly higher percent coverages of macroalgae in
March 2008 through March 2009, and a second-place ranking behind the Pads treatment
for two out of the four peak periods for D. anchorata sponge growth (March and September
2009). Although the settlement plates were not initially intended to provide any beneficial
effects to the biota on the modules, the results of this treatment may warrant exploration of
external enhancements that might affect development of biotic assemblages on an artificial
reef. Recommending this treatment, or one similar, for use in future experimental or
restoration applications at first seems counter-intuitive, especially considering that the
associated investment in hardware and labor required to outfit an artificial reef or natural
surface with settiment plates at an ecologically relevant scale using the method employed
here may be cost prohibitive. In addition, the plates were designed for temporary usage in
the marine environment, and were not intended for long-term deployment. However, any
added structure, including settlement plates (Perkol-Finkel and Benayahu, 2007), is a
potential additional attachment point for benthic organisms and every protrusion of
structure into the current may create micro-scale eddies or low pressure areas that might
affect behavior/movement and space utilization by reef fishes and settlement of benthic
organisms. Additional research into specifically engineered baffles or low-pressure zones,
and their potential for facilitating relevant positive change on the modules, would be
required to validate this concept fully. Such new designs could incorporate a fin or ridge
like structure to provide additional shelter for shoaling reef fishes like grunts and snappers.
However, the potential increased drag associated with projecting a flat surface into the
current would increase the leverage applied by strong currents and potentially lead to
instability, making unwanted movement more likely during severe storm events.
Therefore, any protrusions would need incorporate a specifically engineered non-lift-

inducing shape.
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It is also important to note that the structural complexity provided by the settlement
plates themselves was reduced at two points during this study. During the first settlement
plate collection on November 2007, half the plates were removed from the modules,
effectively reducing the additional surface complexity provided by the plates by 50%.
During the second and final plate collection on October 2008, the remaining 50% were
removed. With all 12 plates deployed, the amount of additional surface area supplied to
each module that received that treatment totaled (0.01m? x 12 = 0.12m?) compared to the
total ~2.64m? of the entire exterior surface of each module (see Ch. 2). This increased the
overall surface area by ~4%, a potentially inconsequential appearing amount in terms of
surface area. When all of the plates were removed the Settlement Plates treatment modules
effectively became equivalent to the Controls, and this control-equivalent condition
persisted for the latter two-thirds of the study. When attached to the mounting hardware
and secured with a wingnut, the settlement plates protruded no more than 5cm above the
surface of the modules. The majority of the coral recruits collected from the settlement
plates (80%) were found on the underside of the plates. Therefore, the undersides
constituted an important settlement surface for the benthic community, so an additional
0.12m? (the bottom plate surface) can be added, resulting in an ~8% increase in total
surface area on the modules. After the plates were collected, all that remained was a single
stainless steel bolt protruding from the surface, and the stainless-steel plate mounted flush
to the concrete surface and secured by four plastic anchor pins. By time of plate collection,
the bolts and plates were completely encrusted by macroalgae, bryozoans, tunicates, and/or
sponges on almost every module (personal observations). Perkol-Finkel and Benayahu
(2007) reported there were more filter feeders like sponges, tunicates, bryozoans, and
bivalves on the artificial reefs than the natural reefs, and most were on the underside of
settlement plates. The removal of the plates reduced additional overhanging structure,
regardless of how small, and any additional baffling effect that may have subtly influenced
settlement preferences or growth of benthic organisms in relation to the prevailing current

regime.
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6.3 Evaluation of Hypotheses

Chapter 1 presented six alternative hypotheses that this study was designed to

investigate. The results as they relate to each alternative hypothesis are summarized as

follows:

Hi: Increasing habitat complexity by adding Coral Transplants to restoration
structure will affect (likely enhance) development of coral reef fish assemblages. Did
the addition of coral transplants affect the development of coral reef fish assemblages?
Yes, according to this dataset, and more so for some species than others. Although,
there were relatively fewer occurrences, compared to the other treatments and controls,
where mean abundance or species richness of reef fishes was higher on the Coral
transplant modules, there was higher abundance on the Coral Transplants modules for
March and September 2009 (ANOVA, p<0.05) and for the other dates they were ranked
higher than the Controls. There were also more juvenile grunts (tied with Pads
treatment, ANOVA, p<0.05). However, it is not clear whether or not the effect was a
beneficial one, an enhancement, as this depends upon perspective. Further assessments
after the modules have had more time to develop are needed before this hypothesis can
be evaluated with greater confidence, and the loss of the majority of the transplants
reduced the overall influence that this treatment may have otherwise provided.

H.: The addition of a novel invertebrate enhancing artificial substrate Pads to
restoration structure will affect (likely enhance) development of coral reef fish
assemblages. There were multiple instances where this alternative hypothesis was
supported by the data, with the Pads treatment often having highest ranked mean
abundances and species richness, not only for the coral reef fish assemblage as a whole,
but for several individual important species as well (such as Blue Tangs, Doctorfish,
juvenile grunts, and most groupers). Assemblage structure on the Pads modules was
also different than the other treatments and controls. The hypothesis is thus supported
as coral reef fishes were definitely affected. Many of the differences detected were not
statistically significant, but the frequency of occasions where the Pads treatment was
higher than the other treatments and controls does suggest that they were having an

effect. Whether the assemblages were ‘enhanced’ or not yet again depends upon
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perspective. Did they produce more commercially important species? Yes, groupers
(although not significantly) and Hogfish (although N was very low). Was there a more
diverse trophic structure associated with this treatment? There were more omnivores
and planktivores associated with the Pads treatment, although the differences were not
significant. Did the pads provide shelter for more juveniles and small cryptic species
that need appropriately sized small refuge spaces? Possibly, as there were more Bicolor
Damselfish and Blue Chromis, more juveniles at beginning of the study, and more
resident species overall. Did the pads produce an assemblage that was more similar to
the natural reef? This is a difficult comparison to make; depth differences between the
natural reef and module deployment site confound the issue, and aggregation of fishes
due to the effect of isolated structures in an otherwise ‘barren’ seascape influences
species composition and abundance. There is evidence in support of both similarities
and differences between the Pads treatment modules and the natural reef, although the
differences noted here for reef fishes may be enough to warrant a conclusion that the
Pads treatment was more similar to the natural reef than the Coral Transplants or
Settlement Plates treatments. However, the natural reef had more Yellowhead Wrasse
than the modules, more damselfishes, more parrotfishes, more gobies, more resident
species, fewer snappers, fewer transients, and fewer herbivores.

Has: The addition of Coral Transplants will affect (likely enhance) coral recruitment
rates and kick-start coral populations. The effectiveness of this treatment was reduced
throughout the course of the study as the majority of the transplanted corals were
overgrown and killed by competitors (i.e., D. anchorata). Nevertheless, mean density
of coral recruits was higher on the Coral Transplants modules than the Pads or
Settlement Plates treatments for the majority of the data collection dates (4 out of 6),
although it was only significant once (Sep 2009 at end of year 3). Overall, it was
actually the Controls modules that performed better in terms of coral recruitment, being
higher for 5 out of 6 dates for total coral recruits and 3 out of 6 dates for new coral
recruits; two of those being the last two data collections. Perhaps the addition of the
coral transplants did less to accelerate and enhance the growth and support of the
overgrowing sponge than did the other two treatments. However, it is difficult to

determine from this data whether occurrences of higher numbers of coral recruits on
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the Coral Transplants modules compared to the Pads and Settlement Plates treatments
were the result of direct influence by the transplants themselves or the result of slightly
less overgrowth by the sponges and macroalgae. Due to the lack of difnintive,
significant results, there is not enough evidence to fully support the hypothesis.

Hs: The addition of novel invertebrate enhancing artificial substrate Pads to
restoration structure will affect (likely enhance) resulting coral assemblages. The
addition of the padding material significantly increased the growth of both macroalgae
and sponges, which were both directly attributed to the overgrowth of coral transplants
(significantly more so for sponges) and can also be confidently attributed to overgrowth
of coral recruits on the modules as well. Mean density of coral recruits was lower on
the Pads modules for the last two dates, significantly in September 2009. However,
Porites astreoides, Agaricia sp., Siderastrea siderastrea, and Diploria sp. all had larger
coral recruits on the Pads treatment, although not by a significant margin. Perhaps there
is some other beneficial effect provided by the Pads treatment to the corals that are not
overgrown by macroalgae and sponges, and therefore the presence of the padding
material may present a trade-off of sorts. It cannot be said with any degree of certainty
that this treatment enhanced the resulting coral assemblages. Affected, yes certainly,
but whether beneficial or not depends on perspective. Good for increasing numbers of
recruits? Not according to this dataset. Therefore, the hypothesis cannot be fully
supported at this time.

Hs: The addition of novel invertebrate enhancing artificial substrate Pads to
restoration structure will enhance the return of a “more natural” coral reef
ecosystem than simply providing coral settlement structure or coral transplants.
There were similarities between certain small shelter-dependent and planktivorous
species on Pads and natural reef. There was more macroalgae and sponge on the Pads
treatment modules. The padding material appears to promote growth of certain benthic
organisms (i.e., Lobophora and Desmapsamma) much better than the other treatments
and controls, presumably due to the depth of the complex surface it provides, the
increased sediment and detritus/nutrient levels that accumulate, and the associated
epifaunal and infaunal invertebrate communities that develop on and within the

padding material over time. Increased growth of rapidly spreading benthic species has
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been linked to decreased coral recruitment on the modules, so in terms of enhancing
the stony coral assemblage it appears that the padding material is not conducive to
success. Artificial reef surfaces take decades to mature, and in the future, coverage on
the modules may be dominated by a different suite of species than those that were
observed to be successful during the first 3-6 years of the study. More time will be
needed to fully evaluate this hypothesis.

He: Comparison of community response to formal treatments applied to the substrate
modules allows understanding of rates and processes on the artificial structure as
compared to the natural reef. There were multiple clear differences detected between
the modules and natural reef during this study. Coral reef fish abundance was higher
on the modules for the majority of the most dominant species (all treatments and
controls), but the opposite for others (Blue Chromis, most damselfishes, gobies). Coral
recruitment was significantly higher on the modules and almost altogether absent on
the natural reef quadrats. Macroalgae on the natural reef was dominated almost
exclusively by Dictyota sp., as compared to L. variegata on the modules. Sponges on
the modules were dominated by D. anchorata, which was almost completely absent on
the natural reef quadrats throughout the study. This has been reported as a fairly
ephemeral species on the natural reef, often relying on other biotic or abiotic structure
to support itself and thereby enable greater investment into rapid growth (Wulff, 2012;
Biggs, 2013). It would be interesting to see, through an extended monitoring period,
how long this particular species maintained its dominance in terms of percent coverage
and overgrowth of more desirable competitors, such as stony corals. Or if, alternatively,
sponges continued to reduce their percent coverage on the modules, would L. variegata
or some other species of macroalgae once again rise to prominence? L. variegata has
been known to serve as important juvenile habitat for the Caribbean Spiny Lobster
(Panilurus argus) (Briones-Fourzon and Lazone-Alvarez, 2001). Lobsters were
frequently encountered during this study, although were not chosen as part of the biota
to be quantified. Additional might provide further insight into linkages between L.

variegata and P. argus densities and the padding material.
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6.4 Lessons Learned, Recommendations, and Considerations for the
Future

There seems to be a recurring pattern in artificial reef research: experimental study
designs often involve too many broad questions, too many treatments, too many variables,
too few replicates, too little statistical power, and budgets that are often too small to
facilitate long-term monitoring and fully explore community development on artificial
reefs to adequately answer the most important questions (S. Bortone, personal
communication). Dodrill (communication) acknowledged that artificial reef monitoring
and evaluation is very much needed but is typically inadequate, and insufficient funding is
routinely the reason. This study was a departure from this “business as usual”. The three to
six-year study period and biennial snapshot surveys employed in this study were adequate
to describe the initial trajectories of the major functional groups in response to the
experimental treatments. However, considering benthic communities on artificial reefs
develop and mature on a decal scale, the six-year sampling window was a limiting factor
when attempting to fully characterize performance of the restoration interventions,
especially given the sampling frequency and multitude of variables involved.

Nonetheless, in the process of thoroughly assessing growth and development of the
major functional groups on the modules, through routine observation and testing of the
experimental treatments in a highly dynamic environment, this study generated multiple
useful and practical lessons and recommendations regarding the subtleties of module
placement and artificial/restoration structure in the local marine environment. These
lessons can be used to guide or enhance the outcomes of future artificial reef deployments
and can be applied to future artificial reef designs and up-scaled deployments to hopefully
improve their performance and ability to function more similarly to natural coral reef
habitats. The information is also intended to benefit resource managers tasked with
maintaining complex reef ecosystems. Specific lessons and recommendations include:

1) It is impossible to deploy an artificial reef into any habitat and not have it affect
the environment into which it is placed to some extent. Even for artificial reefs that are
placed directly onto seemingly barren sand, their presence has been shown to impact the

community of benthic invertebrates that are found in the interstices of the sandy substrate
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for several meters around the edge of the artificial reef (Ambrose and Anderson, 1990;
Guerra, 2015; Hirons et al., 2015; Metallo, 2015). If small artificial reef modules similar
to those deployed in this study are to be used, care must be made during the site selection
process to minimize impacts to the surrounding habitat. Acknowledging the need to avoid
or minimize collateral damage is common practice worldwide, although good intentions,
even when implemented are not always effective. Further, the marine environment is
highly dynamic and anything placed on the bottom will be subjected to the constant forces
of waves and currents and the occasional severe storm or hurricane event. Quinn (2009)
and Robinson (in prep) both used Reefball™ pallet ball modules on sandy substrate in
different locations in Broward County, Florida, USA. Those modules were routinely
affected by hydrodynamic forces of prevailing currents associated with the directional flow
of the Florida Current, regularly occurring tidally induced currents, and occasional severe
tropical weather events. Within a span of ten years post-deployment, both module arrays
experienced partial to complete losses of surface area and structure due to sand burial and
settling, likely accelerated by several locally severe hurricane events. In Puerto Morelos,
hurricane associated currents scoured sand out from around the bases of some of the
modules, and one was partially buried. In Akumal, the effects of the storm were felt much
more severely. The combination of hard substrate underneath a thin veneer of sand and
extreme hydrodynamic forces from a hurricane resulted in the destruction and complete
loss of four out of twelve modules early in the study. The remaining eight modules were
all pushed shoreward by wave action until they impacted the leading edge of the natural
reef.

2) Site selection must include an awareness of the potentially ephemeral nature of
unconsolidated sediments and associated benthic habitats, such as sparsely populated sand,
unconsolidated rubble, macroalgae, and seagrass fields. Sand banks were observed to shift
at the Puerto Morelos field site, which resulted in several modules that had originally been
placed on barren sand being left directly in contact with the underlying hardbottom or large
coral rubble pieces after the sand underneath was scoured away. As mentioned above, other
modules at that site ended up getting partially or almost completely buried by shifting sand.

Seagrass beds were also noted to shift slightly over time with the movement of sand.
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3) Seagrass provides essential habitat for numerous species of reef fishes during the
early part of their life cycle (Lindeman et al., 2000, Verwij et al., 2008; Luo et al., 2009).
Seagrasses were avoided during the deployment operation, but for some modules the
seagrass that was located nearby when they were deployed eventually grew to surround
them during the six-year study period. Some of those modules were noted to have larger
abundances and greater species diversity towards the end of the study, particularly for
juvenile grunts, snappers, damsels, and wrasses. Shulman (1985) said that “if seagrasses
and algae provide shelter from predation for settling juvenile fishes, recruitment close to a
reef may be suppressed by the absence of this shelter. The actual mechanism involved may
be either selection by settling juveniles or areas with seagrass and algae or differential
survivorship of fishes in areas with and without seagrass and algae”. An exploratory
analysis evaluating abundance on the modules by their surrounding sub-habitat
classification was conducted, but it did not find any immediately obvious statistical
differences or links supporting a conclusion of greater abundance of species richness on
the modules as a result of seagrass or more complex habitats being located nearby.
However, there was no clear boundary between sub-habitats, and this was only done on a
preliminary basis without quantitative benthic data to inform decisions about the
surrounding habitat classifications.

Although it was not evaluated formally during this study, eight ‘bonus’ modules
were deployed in a shallow seagrass habitat in 3-4m water depth at the “La Bonanza” study
site in Puerto Morelos at the request of the national park authorities. Opportunistic visual
surveys conducted there by the author and the members of the national park team
documented large schools of juvenile grunts (200-500 grunts per module) on almost all of
the modules, and many coral recruits on their surfaces. In addition, there was no D.
anchorata sponge or large percentages of L. variegata macroalgae on the modules either.
There was also no apparent scouring around the base of the modules or apparent damage
to the surrounding seagrass habitat, but it was also further away from the path of the
hurricane of 2007, and the Bonanza module array is sited directly behind an exposed
fringing reef crest several hundred meters offshore that absorbs the majority of wave
energy during storms. This implies that there is a delicate balance between the need to

prevent disturbance or damage to the pre-existing natural benthic community and the
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ability to enhance or focus the population of certain reef fish species by selective placement
into habitats that are more productive than ‘barren’ sand, such as seagrass or areas adjacent
to natural coral reef habitats. In areas where seagrass habitat availability is not a limiting
factor, placing artificial reef modules near or within this habitat appears to be a good
method for aggregating some species of reef fishes by providing large structure and shelter
in an otherwise barren or monotonous habitat. Although, in a case such as this, the modules
would clearly be attracting many fishes, rather than producing them, and to be clear this
study is not advocating placing artificial reefs in seagrass beds. However, if creation of
replacement habitat for the purposes of mitigation is the goal, perhaps a combination of
artificial reefs and transplanted seagrasses established at a previously uncolonized
mitigation site would be a beneficial combination worthy of further consideration. The
ability for large numbers and/or larger sized artificial reefs to deflect, diminish, or
otherwise disrupt water flow might be useful for creating sheltered areas for seagrass
transplant deployment. However, seagrass has particular requirements and site selection
would need to be very selective. If seagrass is not growing in a particular location, or has
not grown there historically, there is probably a good reason for that and efforts to establish
a pioneer seagrass population there are may be prone to failure. Establishing a successful
seagrass bed using transplants can be difficult, even in areas where they previously
flourished (Sheridan et al., 1998).

4) Reef fish abundance and diversity on both natural and artificial reefs appear to
be reliant, in large measure, upon availability of size-appropriate shelter that can be
accessed quickly and easily (Shulman, 1984; Hixon and Beets, 1993; Friedlander and
Parrish, 1998; Sherman et al., 2002; Almany, 2004). For example, coral heads on the
natural reef that support large numbers of juvenile fishes and/or other small species seem
to have higher abundances when there is a profusion of complex structure that they can be
accessed immediately, repeatedly and easily, when the animals are threatened (author
unpublished observation). In this study, the average module with no external enhancements
to physical complexity initially provided a barren exterior surface with no additional
shelter. If shelter-seeking juvenile fishes retreated through the holes to the interior of the
module in search of refuge, they would likely encounter a larger predator as they often

resided there. Future artificial reef designs might benefit reef fish communities by
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incorporating an intermediary shelter somewhere that excludes medium to large sized
predators and is immediately accessible to vulnerable juveniles and other small species. An
‘attractive’ habitat for reef fishes needs to provide ample shelter options for a variety of
sizes and age classes. Previous artificial reef studies utilizing plastic mesh for caging or
additional structure revealed that such methods can enhance juvenile survival of many
species (Fahy et al., 2006; Quinn, 2009; Jordan, 2010). Finding a material and attachment
method that is both durable and low-maintenance or maintenance free is an important
criterion. For example, adding cinder blocks to the interior void space of Reefball™
modules increased the abundance and richness of juvenile fishes (Sherman, 2000; Sherman
et al., 2002). Another option would be adding additional holes and holes of varying sizes
on the modules (bearing in mind the need for structural integrity). Stony corals grew
particularly well around the undersides of the holes on many modules, so the benefits
would not be limited to reef fishes. There was a total of nine holes per module in this study,
and twelve holes per module in the Quinn (2009) and Robinson (in prep) studies. However,
given the considerable geographical differences in deployment location, comparisons of
reef fish assemblages between modules at these two sites would not be completely
comparable, and attributing differences to varying numbers of holes would be problematic.

5) Many previous studies on artificial reefs have linked reef fish diversity with
larger reef size (Luckhurst and Luckhurst, 1978; Roberts and Orond, 1987; Caselle and
Warner, 1996; Quinn, 2009). Small artificial reefs may make it harder for some species to
establish populations due to resource limitations and larger reefs with greater availability
of food and shelter resources may promote greater stability in population structure. The
small modules utilized in this study may be linked to a magnification of competition and
predation pressures, resulting in a biased/skewed/altered community structure and resident
population size that may not accurately reflect rates and processes as they typically occur
on the nearby natural reef. Larger artificial reef modules may support reef fish assemblages
that are more diverse than smaller ones. The assemblages on the small modules in this
study were temporally always in flux to some degree. Admittedly, much as they were on
the small natural reef sites, but perhaps more so than they would have been on larger
artificial reefs with greater availability of diverse shelter and concomitant food resources.

Also, depending on design, a larger size may yield a larger localized hydrologic front with
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more extensive negative pressure zones for fishes to utilize for shelter against prevailing
currents, as well as provide enhanced plankton aggregation and thus provide increased
potential for larger populations of associated fishes. Thus, if modules as used here, or other
similar artificial reef modules, are to be utilized for future restoration or mitigation
applications, greater module size and/or deployment densities might produce more
favorable outcomes in terms of the resulting population size, stability, and diversity of the
reef fish assemblage (but also see Jordan et al., 2005).

6) The attachment method used to secure the artificial substrate padding material
to the modules was not sufficient to keep it fully attached to their surfaces during the heavy
currents and abrasive onslaught they received during the passage of Hurricane Dean in
Akumal. Out of the three modules in Akumal that received the Pads treatment, all were
damaged by the storm and had approximately half of their padding torn off, apparently
from the strong storm surge and associated battering they received from suspended
sediments, loose rubble, and various debris. However, there was still much padding that
remained attached indicating that the pins used to attach the pads were basically effective
and may have provided adequate holding had they been used in greater numbers.

7) The Pads treatment was associated with a higher percent coverage of sponges
and macroalgae. One potential explanation for this is that the padding material accumulates
sediment and nutrient containing detritus that are beneficial to the growth of these
organisms. However, this came at the cost of reduced rates of coral recruitment. Perhaps
future experimental projects utilizing this padding material might consider testing out
different variations of pad thickness and percent coverage on the modules exterior surfaces,
or if coral recruitment is not the main goal, then an array of extra densely padded modules
might further accelerate development of the benthic community than seen here. Or, perhaps
thinner strips of padding material or a single layer of thickness could be utilized for
comparison. This approach could be particularly useful in future deployments utilizing
large numbers of modules of varying treatment types. Treatments could be grouped
together to enhance a particular aspect of the community, or mixed thoroughly for a
complex but more homogeneous community structure. For replacement or mitigation of
large areas of reef or hardbottom, perhaps a trial run of a large-scale patchwork

arrangement that consists of a combinations of restoration interventions used in
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conjunction with one another, either in mixed applications or in more expansive single-
treatment applications, would be an appropriate evolution of this study and could result in
these methods performing differently when implemented on larger scales.

8) The coral transplantation portion of this study yielded diverse insights relevant
to coral reef restoration. Due to high rates of macroalgae and sponge growth, the majority
of the coral transplants had been overgrown and killed by the end of the study. It is also
assumed that a significant portion of the survivors suffered the same fate after the study
ended. Likewise, the padding material was a favored substrate of the same sponge species
(D. anchorata) that overgrew the coral transplants. Thus, this study adds strength to the
argument that some routine maintenance of reefs can increase the survival rates of coral
recruits and transplants as they struggle to become established and reach a critical size that
will allow them to effectively compete with potentially overgrowing species. If the
modules had been visited once a month and had their surfaces cleared of L. variegata and
D. anchorata, the coral transplants and naturally settling coral recruits may have had a
greater chance at survival and may have been able to grow to sufficient size to provide a
more naturally functioning habitat structure that attracted and developed a more diverse
and/or productive faunal assemblage. Funding entities need to be aware of the level of
importance associated with routine maintenance Future mitigation and restoration projects
should include in their budgets a provision for routine maintenance of the structure and its
nascent assemblages to increase the likelihood of success.

Because of the apparent positive effect the pads had on macroalgae and sponge
colonizers, if routine maintenance is not feasible, invertebrate enhancing artificial substrate
padding material should be used with caution. If it is used in conjunction with artificial
reefs and coral transplants (especially in Quintana Roo), it is recommended that coral
transplants should not be affixed until the modules have had several years to mature
(depending on local conditions) to avoid the rapidly growing and highly competitive early
stages of the macroalgal and benthic invertebrate community and un-checked colonization
of the pads. This will enable limited coral transplant resources to have a greater chance of
surviving and becoming effective tools for enhancing community structure and overall reef
function and productivity. The delay should be adjusted to suit specific site conditions and

will help to guide decisions regarding transplant placement and grouping relative to
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established dense patches of competing benthic organisms or prevailing current effects.
There were large differences between the Puerto Morelos and Akumal sites in community
structure relative to the differences in depth, deployment habitat, and local environmental
conditions. Typically, coral reefs develop on a geological time scale, but can recover from
large disturbances (i.e., disease, bleaching, etc.) much more rapidly if conditions are
favorable. However, chronic large-scale anthropogenic influences and frequent localized
acute disturbances can render these ecosystems unstable and prone to phase-shifts and
other forms of degradation on a scale that is measured in decades. If true long-term success
is the goal, then five to ten years should not be too long to wait.

9) The combination of insufficient transplant density and choice of transplant
species that provided minimal additional structural complexity may also have affected the
number of new coral recruits that settled on the Coral Transplants treatment modules.
Greater size at transplant has been linked to increased chances of survival in corals (Smith
and Hughes, 1999; Meesters et al., 2001), and greater structural complexity has long been
associated with greater abundance and species richness of reef fishes. Although the
transplants selected for this study did somewhat increase structural complexity and
instantly increased coral cover on the modules, the choice of species and low transplant
density may have been limiting factors. This study utilized a total of six transplants per
module that were harvested from the natural reef and affixed equidistant to each other
around the upper surface of the modules. There was abundant space on the modules to
accommodate greater transplant densities and/or larger transplants. Structurally complex
species, such as Acropora cervicornis and Porites porites, were not available in sufficient
numbers on the natural reef to justify harvest; hence the selection of Agaricia agaricites,
Orbicella annularis, and Porites astreoides. Edwards and Clark (1999) suggested that
species with slow-growing massive growth forms (which survive transplantation well but
recruit slowly) could be more appropriate for use than fast growing branching species, and
that too much emphasis has been placed on transplanting branching forms that recruit well
but often do not survive the transplanting operation. However, given the relatively
uncommon to rare status of acroporid corals throughout most of the Caribbean, this does

not appear to be an option unless there is an established coral nursery nearby.
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10) There was no apparent benefit to transplanting P. astreoides. This species was
responsible for 80% of the corals that were present on the module surfaces at the end of
the study. Its brooding reproductive strategy and high reproductive frequency (Chorensky
and Peters, 1986; Szmant, 1991) likely led to relatively higher settlement and survival rates
as compared to other species recorded on the modules. Additional low-relief growth form
brooding species recruited as well, such as Siderastrea siderea and A. agaricities, the latter
of which also performed well as a moderately structurally complex transplant species prior
to being overgrown.

11) Orbicella annularis appears to be a poor choice for transplant species for
several reasons. Since this species exhibits a massive growth form, it provides relatively
little additional vertical relief or structural complexity when initially transplanted at small
size. Out of the three transplant species chosen for this study, O. annularis was the most
highly susceptible to disease and bleaching. In addition, because of its massive growth
form, it was difficult to find as an unattached ‘coral of opportunity’ on the natural reef, and
obtaining transplant material from the local donor reef involved a fairly intrusive
harvesting procedure. Also, O. annularis has not proven to be an easy or reliably successful
species to propagate in laboratory and field based coral nurseries (Crossett, 2013;
Robitaille, 2014). Thus, any short-term benefits to using massive growth forms may be less
than what might be achieved with rapidly growing branching species like A. cervicornis
(providing they survive the transplanting procedure). Most coral nurseries currently
operating in Mexico are concentrating on propagation of A. palmata (Nava-Martinez et al.,
2015). However, the potential use of O. annularis in restoration efforts should not be totally
discounted and perhaps it will be initiated by local researchers and/or reef managers in
Quintana Roo in the future.

12) Nugues and Roberts (2003) suggested that corals have differential abilities to
compete against macroalgae, and coral transplant species that are better at competing for
space should be investigated. If given a choice, selection of coral species for transplantation
that are more readily able to out-compete macroalgae growth may be beneficial, especially
as algae are currently becoming more abundant on reefs. However, this study did not
produce any specific results providing conclusions regarding specific coral species for

transplant other than not recommending O. annularis.
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13) Temporally continuous in-situ environmental data was not incorporated into this
study, but it would have been useful in interpreting the results. To truly understand the true
nature of the rates and processes on the artificial substrate, a few key site-specific physical
parameters should be monitored, such as: prevailing direction and speed of current, tidal
influences, salinity, turbidity, and temperature. This could be done in situ with electronic
recording.

14) In terms of large-scale practicality, on a scale relevant to that of many commonly
occurring acute or localized coral reef disturbances, future artificial reef designs may
benefit from a basic modular format (along with associated replicability and affordability)
that also incorporates some form of linkage to increase stability and prevent the kind of
movement noted at the Akumal site. New designs that incorporate some form of anchoring
and/or interlocking structure between adjacent modules, i.e., a concrete mat (sensu Clark
and Edwards, 1994; Clark and Edwards, 1999; Ebersole, 2001) may be particularly useful
for stability during severe storm events Such an interlocking design could hypothetically
be deployed with modules in the 10s-100s to create new habitats on a scale similar to that
of many small to medium sized patch reefs, hardbottom outcroppings, or ledges.

6.5 Final Conclusion

The emergent characteristics of communities change in predicable ways as they
mature (Sandin and Sala, 2012). There are increases in: biomass, mean size of organisms,
species richness, number of trophic levels, biomass of higher trophic levels, and three-
dimensional biogenic structure. In general, although substrate colonization by key
contributors was highly variable in this study, development of benthic communities on the
modules during succession incrementally produced increasingly complex states of
ecological maturity that were largely comparable among treatments. Macroalgae increased
rapidly at first, dominated by L. variegata. Sponges took longer to catch up to the
macroalgae, but when they did the sponges appear to have outcompeted the macroalgae,
especially for the overgrowing species D. anchorata. Both L. variegata and D. anchorata
had higher percent coverage on the Pads treatment modules. The natural reef quadrats had

negligible amounts of both L. variegata and D. anchorata, and levels remained
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comparatively stable at that site throughout the study. Coral density gradually increased
over the course of the study. Post-settlement mortality by overgrowth of D. anchorata and
L. variegata was the main driver affecting survival for most coral recruits on the modules.
Coral assemblages were dominated by brooding species, particularly P. astreoides,
followed by S. siderea and A. agaricites. Based on the minority contribution that massive
growth-form species made, there may be limited larval supply for major reef building coral
species affecting the local reef system and/or they may be more susceptible to overgrowth
by competitors at a small size. There were no coral recruits counted on the natural reef
quadrats, but there were more recruits counted on settlement plates from the natural reef
than the modules at both the Puerto Morelos and Akumal study sites. There was greater
coral density on the Controls modules than the other treatments during the last half of the
study, followed by the Coral Transplant treatment, but corals were larger on the Pads
treatment modules. The majority of the coral transplants were overgrown by D. anchorata,
to the point that the transplant effort in this study was considered almost a complete failure.
These results suggest implementing a delay between deployment and coral transplantation
until after initial wave of sponge growth subsides or stabilizes might be conducive to
survival of corals transplanted in this area in the future. However, it is likely that due to the
relatively small amounts of additional structural complexity and surface coverage added to
the exterior of the modules by the coral transplants, that treatment was inadequate to affect
or detect any significant change in either the coral or reef fish assemblage during this study,
regardless of the losses due to sponge or macroalgal overgrowth. Implementation of
aforementioned recommendations about larger transplant size, greater density, and more
structurally complex species should be considered in future experimental or applied coral
transplant projects as local transplant resources allow. Neither P. astreoides nor O.
annularis were ideal transplant candidates, but for different reasons. P. astreoides recruited
so well naturally that transplanting it was totally unnecessary, and O. annularis had a
higher frequency of unhealthy appearing colonies. However, it cannot be discounted that
if the latter had not been overgrown, their presence on the modules might have kick-started
the populations of massive growth-form species.

Benthic organisms in general were more abundant on the modules than on the

natural reef quadrats. This differential recruitment may have been the result of the
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combined effect of abiotic and biotic factors, including sedimentation, larval settlement
preferences, and current regime. However, it may also have stemmed from the fact that the
natural reef quadrats were delineated on an already well-established coral reef habitat that
exhibited greater stability than the modules during this study, and barren spots that were
chosen as an equivalent to the barren module surfaces were likely that way for a reason,
and therefore were not ideal for comparison of succession on the two contrasting substrates.

Abundance of coral reef fishes was also highly variable, and the treatments and
controls produced fairly similar results when the entire dataset was combined. When
analyzed by date, very few significant differences between treatments were found, but
when the overall data was analyzed many differences between the modules and natural reef
were detected. When analyzed at the individual family or species level, several species-
specific habitat and/or treatment associations became apparent. In general, the Pads
treatment appeared to have more of an effect on reef fish assemblage structure than the
other treatments, followed by the Coral Transplants treatment. However, these differences
were largely attributed to a handful of species. For the remainder of the species observed
on the modules, there were very few differences detected between the treatments and
controls. The overall similarities between treatments may have been the result of multiple
factors. For one, the overgrowing D. anchorata sponge covered all of the modules’
surfaces, regardless of treatment, by up to 20-30% or more, and killed the majority of the
coral transplants by the end of the study. Also, all of the settlement plates were removed
two years into the six-year study, and their surfaces were from that point onward
functionally equivalent to the controls. Thus, the structure and function provided by the
modules had been largely homogenized by the fouling community by the midpoint of the
study, and may have made any differences actually resulted from the direct influence of
the restoration interventions difficult to distinguish. This could have been largely remedied
with routine periodic maintenance. That the Pads treatment was able to stand out amongst
the other treatments and controls during these analyses so frequently is a testament to this
treatment’s ability to affect, both positively and negatively, development of biota on the
modules. The use of pads, as implemented here, as an integral part of an artificial substrate

approach to restoration, warrants additional research.
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The results of this study are heuristic. Taken in the context of other similar studies,
it may help to change perceptions about artificial reef use, specifically as it applies to
restoration and mitigation applications. This study produced several new insights into
artificial reef design, treatment performance, and the processes of succession and
assemblage formation on artificial substrates. In addition, it strengthened previously
established tenets of restoration and ecosystem rehabilitation, such as careful consideration
of artificial reef placement, the potential for high density materials to scour or become
buried when placed on soft sediments, the necessity of routine monitoring, and the potential
for unexpected results. Obviously, the marine environment is extremely variable and often
unpredictable on many scales. This is especially true when working with artificial reefs for
restoration. Assemblages on artificial substrates may differ significantly from neighboring
natural habitats. Development and maturation of benthic communities on artificial reefs is
a process that takes decades to transpire, and a high degree of variation can be expected
between replicates at the same location and between different locations (i.e., Puerto
Morelos and Akumal).

The outcomes of this project provide resource managers, researchers, and other
stakeholders who deal directly with restoration of degraded or damaged coral reef habitats
utilizing artificial reefs an improved understanding of how multiple biotic variables may
interact with one another and in response to the restoration interventions tested here during
the initial phases of benthic community succession. While many questions still remain and
many processes are not fully understood, this project helps to bridge many knowledge gaps
and reduces the need for guesswork in future restoration or mitigation projects involving
artificial reefs, coral transplants, and the invertebrate enhancing artificial substrate pads. It
adds another globally applicable, yet regionally specific, set of lessons that resource
managers can use when making decisions about how and when restoration applications
should be utilized should they become necessary, and how potential outcomes might vary
as a result. Multiple recommendations were provided in the previous section but they
should not be considered an all-inclusive list. The data set is both large and unique;
insightful resource managers will undoubtedly mine others. Currently the science of coral
reef restoration is still widely considered to be in its developmental stages, and the results

of this project can help refine existing methods and generate new hypotheses that may
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further improve applications of restoration technology in relevant way. Urban and tourism-
related development is applying constant pressure to coastal and marine habitats along the
northeastern coast of the Yucatan Peninsula, and artificial reefs deployed there to date have
been subjected to limited comprehensive monitoring efforts, when they received any at all.
Urban development and population growth in Quintana Roo are not likely to slow down or
stop any time soon, and placement of artificial reefs will likely continue. The results of this
study can be used to improve the general guidelines under which they are used to follow
more ecologically sound principles.

Data obtained during this study can be also be used to bolster existing local reports
of coral recruitment rates, coral growth rates, macroalgae and benthic invertebrate growth,
and coral reef fish abundance, diversity, and assemblage structure on artificial reefs.
However, caution is urged regarding drawing premature conclusions from this limited
dataset. Abundance and community structure of coral reef fishes are influenced by many
abiotic and biotic variables, including: reef morphology, water chemistry, season,
temperature, depth, current regimes, terrestrial influences (i.e. runoff, sedimentation, and
nutrient levels), extreme weather events (hurricanes, cold snaps), benthic community
composition, stochastic settlement and recruitment dynamics (i.e., larval supply, predation,
competition, etc.). Furthermore, many fish populations fluctuate on seasonal or multi-year
scales in response to a combination of the aforementioned variables. Because population
levels can fluctuate greatly from year to year, understanding of how these biotic and abiotic
variables interact with one another and change in response to the restoration interventions
would be improved with a locally obtained long-term dataset, similar to routine long-term
coral reef fish monitoring done in Florida and elsewhere in the Caribbean (Brandt et al.,
2009; Smith et al., 2011, Kilfoyle et al., 2015).

This project also provides substantive reference material for the ongoing debate
about whether or not direct intervention in the form of artificial reefs is warranted as a valid
option following disturbance or damage to a coral reef or as mitigation for lost habitat.
Some resource managers and researchers are opposed to the idea of using artificial structure
of any sort for coral reef restoration, suggesting that artificial reefs will always be
inherently lacking in sufficient complexity and therefore poor substitutes for the real thing.

Additional concerns are centered on the potential for artificial reefs, when used as
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restoration or mitigation tools, to serve as justification for continued implementation of
unsustainable coastal development practices and further coral reef destruction. In reality,
there are limited viable options for reef restoration on both a relevant and affordable scale,
and even a moderately functional approximation of a coral reef habitat, that does no
damage, is arguably better than the alternative in the absence of other efforts to restore
habitat or mitigate for loss.

Guiding the development of the benthic community towards a specifically desired
outcome or state of existence on an artificial reef or a damaged/degraded natural reef is
inherently challenging and can be compared to trying to hit a loosely defined moving target.
This is especially applicable in areas where new restoration techniques have been
previously untested or thoroughly evaluated with pilot studies. It is clear from the results
of this study that application of select treatments onto restoration structure can affect the
resulting composition of the resulting biotic assemblages. Whether or not they are
considered to be beneficial to overall community development depends upon benchmarks
for success and the time at which the evaluations are made. However, even though some
aspects relating to coral reef habitat form and function may be replaced or enhanced by
artificial reefs, fully replacing the complete suite of ecosystem services (biodiversity and
productivity) that are lost when natural habitat is destroyed by building something from
scratch is still well beyond the abilities of current restoration technology, and therefore
habitat destruction should be avoided at all costs.

The resources provided by an artificial reef that has been placed in an otherwise
barren or sparsely populated habitat may be analogous to gathering of competitive species
and their subsequent forced interactions at a terrestrial watering hole during the dry season
on the African savannah. In many previous studies of artificial reefs that were modified by
experimental treatments, it has been common practice to place reef modules in areas that
are generally devoid of any pre-existing visible biological community in order to minimize
negative impacts to the surrounding ecosystem. Module placement in areas such as these
is preferred due to the fact that: 1) many artificial reef installments have been the ultimate
product of mitigation compensation, and as such they were deployed areas where they
ended up serving as the basis for an off-site “replacement” ecosystem, and 2) most

experimental artificial reef projects shared a need to be isolated from as many confounding
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factors as possible, including other artificial reefs. As such, the majority of data collected
on artificial reef studies in the marine environment, including this one, have evaluated
structures that serve as effective oases that attract and concentrate fishes that would
normally be spread out over a wider area with greater availability of refuge space and
different modes of interaction or rates of encounter with other competitors or predators.
Thus, studies designed to evaluate the performance of substrate altering or enhancing
restoration interventions must take into account that the abundances and interactions of
species observed on isolated examples of experimentally treated artificial reefs may not
exactly be equivalent to those that would be encountered if the interventions were applied
directly to natural reef structure on a larger scale and over a wider area. Many of the
resident species observed in this study were perhaps unnaturally influenced by competition
(space, shelter, and food) from other species that share the same resources, as well as being
subjected to greater chances of predation. It is also possible that the more highly mobile
species were encountered on the modules largely due to chance, and their behavior may
have been affected by the presence of those species that were already present when they
arrived (priority effects).

Replication is widely established as a hallmark of scientific research, although
reproducibility of specific results in the highly dynamic marine environment can be
challenging. Scientific and technological progress is usually achieved through a
combination of numerous small advances and the cumulative effort of many researchers.
At its most fundamental level, science is built upon the concept of trial and error. Multiple
studies have demonstrated that artificial reef performance and community dynamics are
highly variable, even when replicates are located within close proximity to one another,
and what may appear effective in one location may be ineffective or perform in a
completely different manner elsewhere. Good science is also dependent upon sufficient
sample size, which is one thing that has plagued many artificial reef studies. This is one of
several in a progression of related projects that were designed to test whether select
experimental treatments applied to standardized artificial substrate modules were able to
produce any measurable influence on the developmental trajectories of the resulting
biological assemblages. Although superficially similar, this project and each of the other

previous NSUOC artificial reef-centric projects all added something unique and of distinct
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value to the science of artificial reef design, function, and practical implementation.
However, this study was novel in its own right and stands alone for several reasons. While
some of these experimental treatments have been evaluated on a preliminary and highly
limited basis in southeast Florida (Quinn, 2009; Robinson, in prep.), never before has a
project utilizing the experimental treatments tested here on artificial reef modules been
undertaken in the Yucatan region with the explicit goal of routinely monitoring and
evaluating their performance for use as tools in future restoration, remediation, and
mitigation applications. This project is the first field experiment utilizing standardized
artificial reef modules to be conducted in the northern Mesoamerican Barrier Reef System
(MBRS), and to date is the first evaluation of the invertebrate enhancing artificial substrate
pads have had in a coral reef environment anywhere outside of Florida.

Resource managers must consider multiple options when faced with the prospect
of maintaining and repairing ecosystems that are under increasing levels stress. Lessons
learned from the collective actions of these projects aid in informing development of future
experimental methods and help to refine existing techniques of habitat restoration. Locally
obtained knowledge about the rates and processes affecting development of the biological
community following either an impact to a natural reef or deployment of an artificial reef
is a valuable commodity. The information learned here should be of value to local reef
managers in the event artificial concrete reef modules of this or any other design are chosen
for use in restoration following destruction of reef resources due to natural or
anthropogenic causes. This project not only serves to provide a reference example to be
improved upon in future experimental or applied iterations, but may also guide placement
of future artificial reef deployments in the area.

Although it was beyond the scope of this study, the data collected and lessons
learned here can be used to inform future models of benthic community development,
space utilization, and coral recruitment. However, at some point predicting what a natural
system will do in response to artificial stimuli starts to resemble something akin to
ecological fortune telling, or trying to predict the future, which aligns it with other
endeavors like weather forecasting, political outcomes, and the stock market. None of the
predictions are ever 100% accurate, and every restoration is different, but over the course

of time enough information is learned about each one through the accumulation of various
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outcomes that a general idea regarding what might happen can be loosely predicted within
a range of acceptable error. The goal of projects like this and other similar projects that
came before it were to generate data and results from evaluations of novel techniques in a
real-world setting to contribute towards the larger body of knowledge that is available for
marine resource managers to rely upon for making well-informed management decisions.
The goal has always been to learn about potential outcomes while acknowledging that they

will be relatively unpredictable in the face of multiple variables.
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Appendices

Appendix 3.1 Comprehensive list of all species documented in quadrat photos and in-situ surveys from both the modules and
natural reef. Mean percent cover for each species, averaged across the entire study period. Species with “n/a” (not applicable) in
their field were seen in the quadrat photos when they were first processed, but not selected by the random points of the CPCe

point-count analysis.

6¢C

Taxonomic Classification Treatments
Macroalgae Ctrl. Pads Transp. S. Plates | Nat. Reef

Turf Algae Multiphyletic 73.06 60.57 74.93 69.71 75.51
Caulerpa verticillata Chlorophyta: Caulerpaceae 0.05 0.86 0.40 0.42 0.49
Dasycladalus vermicularis Chlorophyta: Dasycladaceae n/a n/a n/a n/a n/a

Neomeris annulata Chlorophyta: Dasycladaceae 0.53 0.98 0.22 0.42 0.00
Avrainvillea sp. Chlorophyta: Halimedaceae 0.07 0.20 0.02 0.16 0.08
Halimeda sp. Chlorophyta: Halimedaceae 0.25 0.98 0.40 0.69 2.83
Penicillus sp. Chlorophyta: Halimedaceae 0.00 0.00 0.00 0.00 0.89
Rhipocephalus phoenix Chlorophyta: Halimedaceae 0.00 0.05 0.02 0.04 0.28
Udotea sp. Chlorophyta: Halimedaceae 0.02 0.02 0.00 0.02 0.00
Valonia sp. Chlorophyta: Valoniaceae 0.02 0.09 0.02 0.07 0.00
Dictyota sp. Phaeophyta: Dictyotaceae 0.00 0.09 0.60 0.40 12.21
Dictyopteris delicatula Phaeophyta: Dictyotaceae n/a n/a n/a n/a n/a

Lobophora variegata Phaeophyta: Dictyotaceae 8.91 13.22 4.64 11.56 0.00
Padina boergesenii Phaeophyta: Dictyotaceae 0.00 0.00 0.04 0.02 0.15
Crustose Coralline Algae Rhodophyta: Corallinaceae 0.35 0.91 0.64 0.47 0.72
Amphiroa sp. Rhodophyta: Corallinaceae 0.00 0.05 0.00 0.00 0.10
Galaxaura sp. Rhodophyta: Chaetangiaceae 0.00 0.00 0.00 0.00 0.17
Coelothrix irregularis Rhodophyta: Champiaceae n/a n/a n/a n/a n/a

Chondria sp. Rhodophyta: Rhodomelaceae n/a n/a n/a n/a n/a

Diatoms Chrysophyta 0.00 0.00 0.00 0.00 0.02
Schizothrix calicola Cyanophyta: Oscillatoriaceae n/a n/a n/a n/a n/a




€6¢

Taxonomic Classification Treatments
Sponges Ctrl. Pads Transp. S. Plates | Nat. Reef
Cinachyra sp. Porifera: Demospongiae 0.00 0.00 0.00 0.00 0.02
Cliona langae Porifera: Demospongiae 0.63 0.88 1.44 0.22 0.03
Demospongiae sp. Porifera: Demospongiae 0.00 0.00 0.00 0.00 0.00
Desmapsamma anchorata Porifera: Demospongiae 6.99 14.81 9.11 10.42 0.00
Ircinia strobilina Porifera: Demospongiae 0.07 0.05 0.04 0.62 0.03
Siphonodictyon coralliphagum Porifera: Demospongiae 0.00 0.00 0.00 0.00 0.02
Bryozoans
Hippopodina feegeensis Ectoprocta: Gymnolaemata 0.12 0.09 0.04 0.02 0.13
Hippoporina verrilli Ectoprocta: Gymnolaemata n/a n/a n/a n/a n/a
Schzoporella sp. Ectoprocta: Gymnolaemata n/a n/a n/a n/a n/a
Anemones and Zoanthids
Epicystis crucifer Cnidaria: Actiniaria n/a n/a n/a n/a n/a
Palythoa caribaeorum Cnidaria: Zoanthidea 0.00 0.00 0.00 0.00 0.10
Palythoa grandis Cnidaria: Zoanthidea n/a n/a n/a n/a n/a
Zoanthus pulchelus Cnidaria: Zoanthidea 0.00 0.00 0.00 0.00 0.20
Hydrocorals
Millepora alcicornis Hydrozoa: Milliporidae 0.21 0.25 0.22 0.09 0.05
Soft Corals and Gorgonians
Briareum asbestinum Octocorallia: Briareidae n/a n/a n/a n/a n/a
Erythropodium caribaeorum Octocorallia: Anthothelidae 0.00 0.00 0.00 0.00 0.72
Eunicia sp. Octocorallia: Plexauridae 0.00 0.00 0.00 0.00 0.02
Eunicia succinea Octocorallia: Plexauridae n/a n/a n/a n/a n/a
Gorgonia flabellum Octocorallia: Gorgoniidae n/a n/a n/a n/a n/a
Gorgonia ventilana Octocorallia: Gorgoniidae 0.00 0.02 0.02 0.00 0.12
Muricea sp. Octocorallia: Plexauridae 0.00 0.00 0.00 0.00 0.18
Plexaura homomalla Octocorallia: Plexauridae 0.00 0.00 0.00 0.23
Plexaurella sp. Octocorallia: Plexauridae 0.00 0.00 0.00 0.00 0.02
Pseudopterogorgia americana Octocorallia: Siderastreidae 0.25 0.00 0.09 0.00 0.13




v6¢

Taxonomic Classification Treatments
Stony Corals Ctrl. Pads Transp. S. Plates | Nat. Reef
Agaricia tenuifolia Hexacorallia: Scleractinia: Agaricidae 0.00 0.00 0.00 0.02 0.07
Dichocoenia stokesi Hexacorallia: Scleractinia: Meandrinidae 0.02 0.02 0.00 0.00 0.02
Diploria strigosa Hexacorallia: Scleractinia: Faviidae 0.00 0.00 0.00 0.00 0.03
Favia fragum Hexacorallia: Scleractinia: Faviidae n/a n/a n/a n/a n/a
Manicinia areolata Hexacorallia: Scleractinia: Faviidae n/a n/a n/a n/a n/a
Meandrina meandrites Hexacorallia: Scleractinia: Meandrinidae n/a n/a n/a n/a n/a
Orbicella annularis/faveolata complex | Hexacorallia: Scleractinia:Faviidae 0.00 0.00 0.00 0.00 0.02
Porites astreoides Hexacorallia: Scleractinia: Poritidae 0.42 0.07 0.13 0.33 0.20
Porites porites Hexacorallia: Scleractinia: Poritidae n/a n/a n/a n/a n/a
Siderastrea siderea Hexacorallia: Scleractinia: Agaricidae 0.09 0.00 0.00 0.00 0.10
Tunicates
Botrylloides sp. Chordata: Ascidiacea 0.02 0.00 0.00 0.02 0.00
Clavelina sp. Chordata: Ascidiacea 0.00 0.02 0.00 0.07 0.00
Ecteinascidia turbinata Chordata: Ascidiacea 0.00 0.25 0.02 0.07 0.00
Trididemnum solidum Chordata: Ascidiacea 0.05 0.00 0.00 0.00 0.00




Appendix 4.1 Total number of coral recruits per module within treatment, by date.

Treatment Sep07 | Mar08 | Oct08 | Mar09 | Sep09 | Sep12
Control 19 13 16 9 21 8
Control 10 8 9 6 4 23
Control 18 15 15 14 36 34
Control 6 6 11 6 16 29
Control 15 6 8 7 14 6
Control 4 6 9 5 11 18
Control 22 10 23 14 34 60
Control 17 29 30 6 36 43
Control 21 15 23 23 26 21
Control 25 41 55 18 51 61
Coral Transplants 15 30 37 25 26 31
Coral Transplants 20 5 26 11 16 9
Coral Transplants 15 8 19 9 20 20
Coral Transplants 6 10 8 13 17 13
Coral Transplants 6 6 12 3 13 10
Coral Transplants 8 2 7 4 13 17
Coral Transplants 9 14 12 12 18 32
Coral Transplants 58 31 56 26 51 66
Coral Transplants 11 2 6 6 16 17
Coral Transplants 12 8 20 15 18 19
Pads 7 13 15 10 12 5
Pads 10 5 0 0 0 1
Pads 11 9 12 13 6 21
Pads 3 3 6 5 2 12
Pads 9 4 3 4 5 0
Pads 5 1 8 6 5 17
Pads 7 10 15 20 16 6
Pads 13 19 13 8 5 7
Pads 4 11 10 9 10 15
Pads 8 4 8 5 11 22
Settlement Plates 16 27 22 18 21 24
Settlement Plates 3 7 10 8 9 6
Settlement Plates 7 5 12 11 14 26
Settlement Plates 10 4 10 17 14 24
Settlement Plates 7 4 5 7 9 7
Settlement Plates 15 4 4 0 4 4
Settlement Plates 23 15 14 25 32 17
Settlement Plates 15 10 13 8 18 18
Settlement Plates 17 16 14 5 40 52
Settlement Plates 10 12 10 18 27 35
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Appendix 4.2 Standardized total recruits (corals/m?) per module within treatment, by date.

Treatment Sep07 | Mar08 | Oct08 | Mar09 | Sep09 | Sep12
Control 7.2 4.9 6.1 3.4 8.0 3.0
Control 3.8 3.0 3.4 2.3 1.5 8.7
Control 6.8 5.7 5.7 5.3 13.6 | 129
Control 2.3 2.3 4.2 2.3 6.1 11.0
Control 5.7 2.3 3.0 2.7 5.3 2.3
Control 1.5 2.3 3.4 1.9 4.2 6.8
Control 8.3 3.8 8.7 5.3 129 | 227
Control 6.4 11.0 114 2.3 13.6 | 16.3
Control 8.0 5.7 8.7 8.7 9.8 8.0
Control 9.5 15.5 20.8 6.8 19.3 | 231
Coral Transplants 5.7 11.4 14.0 9.5 9.8 11.7
Coral Transplants 7.6 1.9 9.8 4.2 6.1 3.4
Coral Transplants 5.7 3.0 7.2 3.4 7.6 7.6
Coral Transplants 2.3 3.8 3.0 4.9 6.4 4.9
Coral Transplants 2.3 2.3 4.5 1.1 4.9 3.8
Coral Transplants 3.0 0.8 2.7 1.5 4.9 6.4
Coral Transplants 3.4 5.3 4.5 4.5 6.8 12.1
Coral Transplants 22.0 11.7 21.2 9.8 19.3 | 25.0
Coral Transplants 4.2 0.8 2.3 2.3 6.1 6.4
Coral Transplants 4.5 3.0 7.6 5.7 6.8 7.2
Pads 4.7 8.3 9.3 6.0 6.9 2.8
Pads 6.7 3.2 0.0 0.0 0.0 0.6
Pads 7.3 5.8 7.4 7.7 3.4 11.7
Pads 2.0 1.9 3.7 3.0 1.1 6.7
Pads 6.0 2.6 1.9 2.4 2.9 0.0
Pads 3.3 0.6 4.9 3.6 2.9 9.4
Pads 4.7 6.4 9.3 11.9 9.2 3.3
Pads 8.7 12.2 8.0 4.8 2.9 3.9
Pads 2.7 7.1 6.2 5.4 5.7 8.3
Pads 5.3 2.6 4.9 3.0 6.3 12.2
Settlement Plates 6.1 10.2 8.3 6.8 8.0 9.1
Settlement Plates 1.1 2.7 3.8 3.0 3.4 2.3
Settlement Plates 2.7 1.9 4.5 4.2 5.3 9.8
Settlement Plates 3.8 1.5 3.8 6.4 5.3 9.1
Settlement Plates 2.7 1.5 1.9 2.7 34 2.7
Settlement Plates 5.7 1.5 1.5 0.0 1.5 1.5
Settlement Plates 8.7 5.7 5.3 9.5 12.1 6.4
Settlement Plates 5.7 3.8 4.9 3.0 6.8 6.8
Settlement Plates 6.4 6.1 5.3 1.9 152 | 19.7
Settlement Plates 3.8 4.5 3.8 6.8 10.2 | 13.3
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Appendix 4.3 Standardized mean coral recruit density (recruits/m?) by treatment and date

(xSEM).
Treatment Mar07 | Sep07 | Mar08 | Oct08 | Mar09 | Sep09 | Sepl?
Control 00 |59%08|56+14 |75+17 | 4107 | 9.4+17 |115+23
Pads 00 |51%07|51+11 |56+1.0| 4810 | 41109 | 5914
Coral Transplants 0.0 6.1+£18 | 4413 | 7.7£19 | 4.7x0.9 7913 8.9£2.0
Settlement Plates 00 |47+07 3909 |43+06| 4409 | 7.1+13 | 8.1+18
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Appendix 4.4 Total number of “new” recruits per module within treatment, by date.

Treatment Mar07 | Sep07 | Mar08 | Oct08 | Mar09 | Sep09 | Sepl2
Control 0 19 9 13 5 16 5
Control 0 10 5 5 1 2 18
Control 0 18 11 6 4 13 26
Control 0 6 4 7 0 7 15
Control 0 15 5 5 3 10 4
Control 0 4 4 5 2 8 7
Control 0 22 5 18 2 18 39
Control 0 17 16 11 1 31 26
Control 0 21 7 14 6 12 10
Control 0 25 27 30 3 29 33
Coral Transplants 0 15 18 26 17 15 24
Coral Transplants 0 20 2 23 3 9 4
Coral Transplants 0 15 5 15 1 16 19
Coral Transplants 0 6 10 8 7 9 5
Coral Transplants 0 6 2 10 1 6 9
Coral Transplants 0 8 2 7 0 6 11
Coral Transplants 0 9 7 7 2 8 22
Coral Transplants 0 58 15 43 6 24 45
Coral Transplants 0 11 2 6 1 8 7
Coral Transplants 0 12 5 14 4 5 11
Pads 0 7 11 9 4 6 2
Pads 0 10 4 n/a n/a n/a 1
Pads 0 11 5 8 4 4 17
Pads 0 3 3 4 1 0 9
Pads 0 9 3 2 2 3 0
Pads 0 5 1 8 1 3 5
Pads 0 7 6 11 5 3 2
Pads 0 13 16 5 2 3 3
Pads 0 4 10 7 5 6 4
Pads 0 8 2 7 1 6 5
Settlement Plates 0 16 21 10 8 11 20
Settlement Plates 0 3 4 7 3 4 3
Settlement Plates 0 7 4 10 2 7 21
Settlement Plates 0 10 3 10 12 5 15
Settlement Plates 0 7 1 3 2 5 6
Settlement Plates 0 15 4 3 0 3 4
Settlement Plates 0 23 10 6 13 12 8
Settlement Plates 0 15 9 12 2 7 9
Settlement Plates 0 17 7 7 2 29 29
Settlement Plates 0 10 6 3 8 14 12
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Appendix 4.5 Standardized total “new” recruits (corals/m?) within treatment, by date.

Treatment Sep07 | Mar08 | Oct08 | Mar09 | Sep09 | Sepl12
Control 7.2 3.4 4.9 1.9 6.1 1.9
Control 3.8 1.9 1.9 0.4 0.8 6.8
Control 6.8 4.2 2.3 1.5 4.9 9.8
Control 2.3 1.5 2.7 0.0 2.7 5.7
Control 5.7 1.9 1.9 1.1 3.8 15
Control 1.5 1.5 1.9 0.8 3.0 2.7
Control 8.3 1.9 6.8 0.8 6.8 14.8
Control 6.4 6.1 4.2 0.4 11.7 9.8
Control 8.0 2.7 5.3 2.3 4.5 3.8
Control 9.5 10.2 114 1.1 11.0 | 125
Coral Transplants 5.7 6.8 9.8 6.4 5.7 9.1
Coral Transplants 7.6 0.8 8.7 1.1 3.4 15
Coral Transplants 5.7 1.9 5.7 0.4 6.1 7.2
Coral Transplants 2.3 3.8 3.0 2.7 3.4 1.9
Coral Transplants 2.3 0.8 3.8 0.4 2.3 3.4
Coral Transplants 3.0 0.8 2.7 0.0 2.3 4.2
Coral Transplants 3.4 2.7 2.7 0.8 3.0 8.3
Coral Transplants 22.0 5.7 16.3 2.3 9.1 17.0
Coral Transplants 4.2 0.8 2.3 0.4 3.0 2.7
Coral Transplants 4.5 1.9 5.3 1.5 1.9 4.2
Pads 4.7 7.3 6.0 2.7 4.0 1.3
Pads 6.7 2.7 n/a n/a n/a 0.7
Pads 7.3 3.3 5.3 2.7 2.7 11.3
Pads 2.0 2.0 2.7 0.7 0.0 6.0
Pads 6.0 2.0 1.3 1.3 2.0 0.0
Pads 3.3 0.7 5.3 0.7 2.0 3.3
Pads 4.7 4.0 7.3 3.3 2.0 1.3
Pads 8.7 10.7 3.3 1.3 2.0 2.0
Pads 2.7 6.7 4.7 3.3 4.0 2.7
Pads 5.3 1.3 4.7 0.7 4.0 3.3
Settlement Plates 6.1 8.0 3.8 3.0 4.2 7.6
Settlement Plates 1.1 1.5 2.7 1.1 1.5 1.1
Settlement Plates 2.7 1.5 3.8 0.8 2.7 8.0
Settlement Plates 3.8 1.1 3.8 4.5 1.9 5.7
Settlement Plates 2.7 0.4 1.1 0.8 1.9 2.3
Settlement Plates 5.7 1.5 1.1 0.0 1.1 1.5
Settlement Plates 8.7 3.8 2.3 4.9 4.5 3.0
Settlement Plates 5.7 3.4 4.5 0.8 2.7 3.4
Settlement Plates 6.4 2.7 2.7 0.8 11.0 | 11.0
Settlement Plates 3.8 2.3 1.1 3.0 5.3 4.5
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Appendix 4.6 Standardized mean “new” coral recruit density by treatment and date

(W/SEM).

Treatment Mar07 Sep07 Mar08 Oct08 Mar09 Sep09 Sepl2
Control 0.0 5.9+0.8 | 3.5+0.9 | 4.3%1.0 1.0 £0.2 55+1.1 6.9 +1.5
Pads 0.0 5.1 £0.7 4.1+10 4.1 0.7 1.7+0.4 2.3+0.5 3.2+1.1
Coral Transplants 0.0 6.1+1.8 2.6 £0.7 6.0 +1.4 1.6 £0.6 4.0 £0.7 59+15
Settlement Plates 0.0 4.7 +0.7 2.6 +0.7 27104 | 2006 | 3.7+0.9 | 4810

Appendix 4.7 Agaricia agaricites transplant growth between sampling periods, by
individual colony (T1=March 2007, T2=September 2007, T3=March 2008, T6=September

2009).
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Appendix 4.8 Porites astreoides transplant growth between sampling periods, by
individual colony (T1=March 2007, T2=September 2007, T3=March 2008, T6=September
2009).
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Appendix 4.9 Orbicella annularis transplant growth between sampling periods, by
individual colony (T1=March 2007, T2=September 2007, T3=March 2008, T6=September
2009).
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Appendix 4.10 Size frequency of Agaricia sp. recruits for September 2012 (N=37).
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Appendix 4.11 Size frequency of Diploria sp. recruits for September 2012 (N=37).
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Appendix 5.1 Abundance of fishes from Akumal by date and treatment (total/mean).

Date Mar 2007 Mar 2008 Oct 2008 Mar 2009 Sept 2009

Species Total | Ctrl | Pads | Plates NR Ctrl NR Ctrl NR Ctrl NR Ctrl NR
Abudefduf saxatilis 11 -/- -/- 2/07 3/0.2 -/- -/- -/- 1/0.1 4/05 2/03 -/- -/-
Acanthemblemaria aspera 3 -/- -/- -/- -/- -/- 1/0.1 1/0.2 -/ - 1/0.1 -/- -/ - -/-
Acanthurus bahianus 31 4/0.7 -/- 1/0.3 6/0.5 2/0.3 -/- 1/0.2 -/ - 6/0.8 5/0.6 3/04 3/0.4
Acanthurus chirurgus 3 -/- -/- -/- -/- -/- 3/04 -/- -/- -/- -/- -/- -/-
Acanthurus coeruleus 32 4/0.7 10/3.3 1/03 8/0.6 2/03 2/0.3 -/- 1/0.1 1/0.1 1/0.1 2/03 1/0.1
Anisotremus virginicus 9 -/- -/- -/- -/- -/- -/- -/- 1/0.1 -/- -/- -/- 9/11
Aulostomus maculatus 1 -/- -/- -/- -/- -/ - -/- -/- -/- -/- 1/0.1 -/- -/ -
Balistes vetula 1 -/- -/- -/- -/- -/- -/ - -/- -/- -/- 1/0.1 -/- -/-
Bodianus rufus 3 -/- -/- -/- 3/0.2 -/- -/ - -/- -/- -/- -/- -/- -/-
Canthigaster rostrata 61 1/0.2 -/- -/- 3/0.2 6/08 | 4/05 | 9/18 | 6/14 | 11/14 15/19 | 7/09 | 5/06
Cephalopholis cruentata 3 1/0.2 -/- -/- 1/0.1 1/01 -/- -/- -/- -/- -/- -/- -/-
Cephalopholis fulva 17 -/ - 1/03 -/ - 6/05 -/ - -/ - -/ - -/ - 1/0.1 4/0.5 2/0.3 3/04
Chaetodon capistratus 3 -/- -/- -/- 1/0.1 -/- -/- -/- -/- -/- -/ - 2/0.3 -/-
Chaetodon striatus -/- -/- -/- 2/0.2 -/- -/ - -/- -/- -/- -/- -/- -/-
Chromis cyanea 20 -/ - -/ - - - 12/0.9 -/ - -/ - -/ - -/ - -/ - -/ - -/ - 8/1.0
Chromis multilineata 2 -/- -/- -/- -/- -/- -/ - -/- -/- 1/01 -/- 1/01 -/-
Clepticus parrae 2 -/ - -/ - - - 2/0.3 -/ - -/ - -/ - -/ - -/ - -/ - -/ - -/-
Coryphopterus glaucofraenum 3 1/0.2 -/- -/- -/- -/- -/- -/- -/- 2/0.3 -/ - -/- -/-
Cryptotomus roseus 1 -/ - -/ - - - -/ - -/ - -/ - -/ - -/ - -/ - -/ - -/ - 1/0.1
Elacatinus oceanops 7 -/- -/- 1/0.3 3/0.2 1/01 -/- -/- -/- -/- 2/0.3 -/- -/-
Elacatinus prochilos 2 -/- -/- -/- -/- -/- -/- -/- -/- 1/01 1/0.1 -/- -/-
Gnatholepis thompsoni 3 2/0.3 -/ - -/ - -/ - -/ - -/ - -/ - -/ - -/ - -/ - 1/0.1 -/ -
Gramma loreto 5 -/- -/- -/- 5/0.4 -/- -/- -/- -/- -/- -/- -/- -/-
Gymnothorax miliaris 1 -/- -/- -/- -/- 1/01 -/- -/- -/- -/- -/- -/- -/-
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(Appendix 5.1 continued )

Date Mar 2007 Mar 2008 Oct 2008 Mar 2009 Sept 2009

Species Total | Ctrl | Pads | Plates NR Ctrl NR Ctrl NR Ctrl NR Ctrl NR
Haemulon album 1 -/- -/- -/- 1/0.1 -/- -/- -/- -/- -/- -/- -/- -/-
Haemulon aurolineatum 1 -/- -/- -/- -/- -/- -/ - 1/0.2 -/ - -/- -/ - -/- -/-
Haemulon carbonarium 1 -/- -/- -/- 1/0.1 -/- -/- -/- -/- -/- -/- -/- -/-
Haemulon flavolineatum 9 -/- 1/0.3 -/- 2/0.2 -/- 1/0.1 2/04 3/0.2 1/01 2/0.3 -/- -/-
Haemulon plumierii 18 2/0.3 3/1.0 2/0.7 8/0.6 1/01 -/- 1/0.2 -/- -/- -/- 1/01 -/-
Haemulon sciurus 6 1/0.2 -/- -/- 2/0.2 2/03 -/- -/- -/- -/- -/- 1/0.1 -/-
Halichoeres bivittatus 82 7112 9/3.0 1/03 -/- 4/05 | 27/34 1/02 | 16/23 | 4/05 10/1.3 13/1.6 6/0.8
Halichoeres garnoti 100 3/05 -/- 1/0.3 76/5.8 4/05 8/1.0 1/0.2 9/0.6 1/0.1 3/04 2/0.3 1/0.1
Halichoeres maculipinna 1 -/- -/- -/- -/- -/- -/- -/- -/- 1/01 -/ - -/- -/-
Halichoeres radiatus 8 -/- -/- 3/1.0 3/02 2/03 -/- -/- -/- -/- -/- -/- -/-
Holacanthus tricolor 5 -/- -/- -/- -/- 2/03 -/- -/- -/- 1/0.1 -/- -/ - 2/0.3
Lachnolaimus maximus 1 -/- 1/03 -/- -/- -/- -/- -/- -/- -/- -/- -/- -/-
Lactophrys triqueter 2 -/- -/- -/- -/- 1/01 -/- -/- -/- -/- -/ - 1/01 -/-
Lutjanus apodus 2 - - 1/03 -/ - -/ - -/ - -/ - -/ - -/ - -/ - -/ - 1/0.1 -/ -
Lutjanus buccanella 31 -/- -/- 25/8.3 -/ - -/- -/- -/- -/- -/- -/ - 6/0.8 -/ -
Lutjanus mahogoni 3 - - -/ - -/ - 3/0.2 -/ - -/ - -/ - -/ - -/ - -/ - -/- -/-
Malacanthus plumieri 1 -/- -/- -/- -/ - -/- -/- -/- -/- -/- 1/0.1 -/- -/ -
Malacoctenus macropus 2 - - -/ - -/ - 2/0.2 -/ - -/ - -/ - -/ - -/ - -/ - -/ - -/ -
Malacoctenus triangulatus 4 - - -/ - -/ - -/ - -/ - 2/0.3 -/ - 1/01 -/ - 1/01 -/ - 1/0.1
Microspathodon chrysurus 2 -/- -/- -/- 2/0.2 -/- -/- -/- -/- -/- -/ - -/- -/ -
Mulloidichthys martinicus 3 -/- -/- -/- 1/01 -/- 2/0.3 -/- -/- -/- -/- -/- -/-
Ocyurus chrysurus 7 2/0.3 -/- -/- 5/0.4 -/ - -/ - -/ - -/ - -/ - -/ - -/- -/ -
Pomacanthus arcuatus 2 -/- -/- -/- -/- -/- 2/03 -/- -/- -/- -/- -/- -/-
Pomacentridae sp. 3 -/- -/- -/- 3/0.2 -/ - -/ - -/ - -/ - -/ - -/ - -/- -/ -
Pseudupeneus maculatus 1 -/- -/- -/- -/ - -/ - 1/0.1 -/ - -/ - -/ - -/ - -/- -/ -
Rypticus saponaceus 1 -/ - -/ - -/ - -/ - -/ - -/ - -/ - -/ - 1/0.1 -/ - -/ - -/ -
Scorpaena plumieri 1 -/- -/- -/- 1/0.1 -/ - -/ - -/ - -/ - -/ - -/ - -/- -/ -
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(Appendix 5.1 continued )

Date Mar 2007 Mar 2008 Oct 2008 Mar 2009 Sept 2009

Species Total | Ctrl | Pads | Plates NR Ctrl NR Ctrl NR Ctrl NR Ctrl NR

Serranus baldwini 1 -/- -/- -/- -/- -/- 1/01 -/- -/- -/- -/- -/- -/-
Serranus tigrinus 5 -/- -/- -/- -/- 1/0.1 3/04 -/- -/ - -/- -/- -/ - 1/0.1
Sparisoma aurofrenatum 29 -/- -/- -/- 6/0.5 1/01 3/04 -/- 7112 -/- 8/1.0 3/04 8/1.0
Sparisoma radians 1 -/- -/- -/- -/- -/- 1/0.1 -/- -/- -/- -/- -/- -/ -
Sparisoma rubripinne 2 -/- -/- -/- -/- -/- -/- -/- -/- 2/0.3 -/- -/- -/ -
Sparisoma viride 4 1/0.2 -/- -/- 3/0.2 -/- -/- -/- -/- -/- -/ - -/- -/-
Stegastes adustus 2 -/ - -/ - 1/03 -/ - -/ - 1/01 -/ - -/ - -/ - -/ - -/ - -/ -
Stegastes diencaeus 3 -/- -/- -/- -/- -/- -/- -/- -/- -/- 3/0.4 -/- -/ -
Stegastes leucostictus 7 -/ - -/ - -/ - 4/0.3 -/ - 1/01 -/ - -/ - -/ - -/ - -/ - 2/0.3
Stegastes partitus 55 -/- 2/0.7 -/- 7/0.5 1/01 6/0.8 -/- 10/0.2 1/01 12/15 -/- 26/3.3
Stegastes variabilis 8 -/ - -/ - -/ - 5/0.4 -/ - 1/01 -/ - -/ - -/ - -/ - 1/01 1/01
Thalassoma bifasciatum 323 14723 | 9/30 9/3.0 124/95 | 13/16 | 41/51 | 6/12 | 35/58 | 12/15 | 37/46 1114/ 47/5.9
Xyrichtys splendens 1 -/- -/- -/- -/- -/- -/ - -/- -/- 1/0.1 -/ - -/- -/-
Totals | 965 43 37 47 314 45 111 23 90 53 109 58 125
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Appendix 5.2 Full species list, in phylogenetic order and broken down by experimental treatment. Abundance is in terms of
total fishes counted across all sampling trips. Occurrence (O) refers to the number of times one or more members of each species
was observed in a visual survey. Percent Occurrence (P) = Occurrence/N * 100. For Controls, Pads, Transplants, and Settlement
Plates: N=70. For Natural Reef: N=96. [Ranked by Decreasing P for each treatment in Appendices 5.3-5.7]

Control Pads Transplants S. Plates Nat. Reef

Familiy Scientific Name Abund ‘ @] ‘ P | Abund ‘ @] ‘ P | Abund ‘ @] ‘ P Abund ‘ @] ‘ P | Abund ‘ @] | P
Narcinidae

Narcine brasiliensis ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 1 ‘ 1 ‘ 1.04
Urotrygonidae

Urobatis jamaicensis ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 1 ‘ 1 ‘ 1.04
Muraenidae

Gymnothorax funebris 1 1| 143 1 1 1.43

Gymnothorax moringa 1 1 (143 1 1| 143 2 2 | 286 1 1 {143 2 2 | 208
Synodontidae

Synodus foetens 1 1 1.04

Synodus intermedius 1 1 1.04

Synodus sp. 1 1 | 143
Holocentridae

Holocentrus adscensionis 4 ‘ 4 ‘ 5.71 4 ‘ 4 ‘ 5.71 3 ‘ 3 ‘ 429 3 ‘ 3 ‘4.29 ‘ ‘
Aulostomidae

Aulostomus maculatus ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 1 ‘ 1 ‘ 1.04
Scorpaenidae

Scorpaena plumieri 1 1 | 143 1 1 1.43

Pterois volitans 8 7 10 4 4 | 571 10 6 | 857 5 4 | 571
Serranidae

Alphestes afer 1 1| 143 6 4 | 571 1 1 1.43 3 3 | 429

Cephalopholis cruentata 6 6 | 8.57 15 14| 20 10 10 | 14.29 5 5 | 714 19 17 | 17.71

Cephalopholis fulva 1 1| 143 3 2 | 2.86 6 6 6.25

Epinephelus adscensionis 3 g | &g
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Control Pads Transplants S. Plates Nat. Reef

Familiy  Scientific Name Abund ([O| P |Abund |O| P |[Abund |[O| P |Abund |O| P |Abund |O| P

Epinephelus guttatus 1 1 1.43 1 1 1.43 2 2 | 2.08

Epinephelus morio 4 4 5.71 4 4 571 2 2 2.86 2 2 2.86

Hypoplectrus unicolor 1 1 1.04

Mycteroperca bonaci 1 1 1.43 2 2 2.86

Mycteroperca venenosa 1 1 1.43 1 1 1.43 1 1 1.43 1 1 1.04

Serranus baldwini 1 1 1.43

Serranus tigrinus 3 3 | 429 7 6 | 857 6 5 | 714 2 2 | 286 9 9 | 9.38
Opistognathidae

Opistognathus aurifrons 1 ‘ 1 ‘ 1.43 ‘ ‘ ‘ ‘ ‘ 4 ‘ 1 ‘ 1.04
Apogonidae

Apogon maculatus 2 1 1.43

Apogon pseudomaculatus 1 1| 143

Apogon townsendi ‘ 1 1 1.04
Malacanthidae

Malacanthus plumieri 2 ‘ 1 ‘ 1.43 1 ‘ 1 1.43 1 ‘ 1 ‘ 1.43 ‘ ‘ ‘ ‘
Carangidae

Caranx ruber ‘ ‘ 2 ‘ 2 2.86 ‘ ‘ 1 ‘ 1 ‘ 1.43 3 ‘ 3 ‘ 3.13
Lutjanidae

Lutjanus analis 8 5 7.14 5 5 7.14 6 6 8.57 8 5 7.14

Lutjanus apodus 3 2 | 2.08

Lutjanus buccanella 3 3] 4.29 12 5 7.14 11 5 7.14 12 6 8.57

Lutjanus mahogoni 2 2 | 286

Lutjanus synagris 3 1 1.43 1 1 1.43 2 2 2.86

Ocyurus chrysurus 33 19 | 27.14 37 19 | 27.14 26 17 | 24.29 32 20 | 28.57 31 26 | 27.08

Rhomboplites aurorubens 2 1 1.04
Haemulidae

Anisotremus surinamensis 2 1| 143

Anisotremus virginicus 3 2 2.86 4 2 2.86 5 3 4.29 10 7 10 1 1 1.04
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Control Pads Transplants S. Plates Nat. Reef
Familiy  Scientific Name Abund ([O| P |Abund |O| P |[Abund |[O| P |Abund |O| P |Abund |O| P
Haemulon album 1 1 | 143 1 1 1.43 10 1 1.43 5 2 | 286
Haemulon aurolineatum 51 7 10 115 6 8.57 1 1 1.43 95 7 10
Haemulon carbonarium 4 4 | 571 2 2 | 2.08
Haemulon flavolineatum 194 15 | 21.43 13 9 | 12.86 55 10 | 14.29 75 14 20 71 45 | 46.88
Haemulon macrostomum 1 1 1.04
Haemulon melanurum 52 17 | 24.29 6 5 7.14 103 11 | 15.71 42 9 | 12.86 1 1 1.04
Haemulon parra 9 7 10 9 6 | 857 11 7 10 19 6 | 857
Haemulon plumierii 80 36 | 51.43 55 33 | 47.14 43 34 | 4857 62 35 50 30 27 | 28.13
Haemulon sciurus 26 18 | 25.71 18 16 | 22.86 24 23 | 32.86 13 13 | 18.57 18 17 | 17.71
Haemulon spp. 123 15 | 21.43 333 7 10 111 12 | 17.14 40 1 143 224 4 417
Sparidae
Calamus calamus 1 1 | 143 3 3 | 313
Calamus sp. 12 1| 143 1 1 1.43
Sciaenidae
Pareques acuminatus 8 ‘ 5) ‘ 7.14 7 ‘ 4 5.71 12 ‘ 7 ‘ 10 5 ‘ 4 ‘ 5.71 1 ‘ 1 ‘ 1.04
Mullidae
Mullus auratus 1 1 | 104
Pseudupeneus maculatus 37 17 | 24.29 33 17 | 24.29 39 15 | 21.43 26 13 | 1857 14 12 | 125
Chaetodontidae
Chaetodon capistratus 3 3 | 429 4 2 | 2.86 5 3 | 429 4 2 | 286 12 10 | 10.42
Chaetodon ocellatus 4 3 | 429 4 2 | 286 2 1 | 143 5 4 | 571 4 3 | 313
Chaetodon striatus 3 3 | 429 4 3 | 429 4 2 | 286 4 4 | 571
Pomacanthidae
Holacanthus bermudensis 1 1 1.43
Holacanthus ciliaris 24 19 | 27.14 11 10 | 14.29 20 14 20 17 13 | 18.57 1 1 1.04
Holacanthus tricolor 3 3 4.29 8 7 10 4 4 571 5 5 7.14 6 6 6.25
Pomacanthus arcuatus 8 4 571 4 3 | 429 5 5 7.14 2 1 1.43
Pomacanthus paru 4 4 571 2 2 2.86 5 4 5.71 5 5 7.14
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Control Pads Transplants S. Plates Nat. Reef
Familiy Scientific Name Abund [0 | P |[Abund |[O| P |Abund|O| P |Abund | O] P [Abund |0 ]| P
Amblycirrhitidae
Amblycirrhitus pinos ‘ l ‘ | | | 1 | 1 ‘ 1.04
Pomacentridae
Abudefduf saxatilis 16 15 | 21.43 6 6 8.57 3 3 4.29 14 11 | 15.71 3 1 1.04
Chromis cyanea 7 5 | 7.14 25 7 10 15 8 | 1143 1 1| 143 308 49 | 51.04
Chromis multilineata 1 1 143 1 1 1.43 1 1 143 1 1 143 1 1 1.04
Stegastes adustus 2 2 2.86 1 1 1.43 1 1 1.43 24 15 | 15.63
Stegastes diencaeus 1 1 1.43 1 1 1.43 4 4 417
Stegastes leucostictus 3 3 | 429 3 3| 429 1 1 1.43 4 3 | 429 30 19 | 19.79
Stegastes partitus 92 35 50 153 50 | 71.43 116 40 | 57.14 89 38 | 54.29 92 46 | 47.92
Stegastes planifrons 1 1 1.43 76 32 | 33.33
Stegastes variabilis 1 1 1.43 6 6 8.57 3 2 2.86 24 14 | 14.58
Labridae
Bodianus rufus 1 1 | 143 1 1 | 143 2 2 | 2.08
Halichoeres bivittatus 168 51 | 72.86 126 42 60 137 44 | 62.86 116 41 | 58.57 24 13 | 13.54
Halichoeres garnoti 16 8 | 11.43 49 21 30 70 24 | 34.29 43 20 | 28.57 283 71 | 73.96
Halichoeres maculipinna 8 7 10 6 4 571 9 6 8.57 7 6 8.57 18 7 7.29
Halichoeres pictus 32 8 | 11.43 34 9 | 12.86 25 8 | 11.43 13 4 | 571 80 8 | 8.33
Halichoeres poeyi 2 2 | 286 1 1 | 143
Halichoeres radiatus 18 15 | 21.43 12 11 | 15.71 15 13 | 18.57 18 14 20 3 3 | 313
Lachnolaimus maximus 5 3 4.29 9 8 | 11.43 2 2 2.86 2 2 2.86 1 1 1.04
Thalassoma bifasciatum 420 58 | 82.86 473 65 | 92.86 450 60 | 85.71 556 63 90 258 55 | 57.29
Xyrichtys splendens 1 1 1.43 1 1 1.43 15 1 1.04
Scaridae
Cryptotomus roseus 3 1 143
Scaridae spp. 1 1 1.43 1 1 1.43 3 1 1.04
Scarus guacamaia 1 1 1.04
Scarus iseri 1 1 1.43 4 3 4.29 57 25 | 26.04
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Control Pads Transplants S. Plates Nat. Reef

Familiy Scientific Name Abund |O| P |Abund |O| P |Abund |O| P |Abund |O| P |Abund | O | P

Scarus taeniopterus 14 7 7.29

Scarus vetula 2 1 1.04

Sparisoma atomarium 2 1| 143 1 1 | 143 1 1 1.04

Sparisoma aurofrenatum 34 23 | 32.86 39 22 | 31.43 37 23 | 32.86 48 25 | 35.71 59 38 | 39.58

Sparisoma chrysopterum 6 2 2.86 2 2 2.86 2 2 2.86 3 1 1.43 2 2 2.08

Sparisoma radians 2 2 2.86 6 4 5.71 7 6 6.25

Sparisoma rubripinne 11 4 | 571 5 5| 714 3 3 | 429 3 3 | 429

Sparisoma viride 1 1 1.43 2 2 2.86 3 2 2.86 2 2 2.86 23 17 | 17.71
Enneanectidae

Enneanectes boehlkei 2 1 | 143

Enneanectes sp. 1 1 1.43
Blennidae

Ophioblennius macclurei ‘ ‘ 1 ‘ 1 1.43 ‘ ‘ ‘ I I ‘
Labrisomidae

Malacoctenus triangulatus 3 ‘ 3 ‘ 4.29 3 ‘ 2 | 2.86 ‘ ‘ ‘ I I ‘
Gobiidae

Coryphopterus glaucofraenum 1 1 1.43 3 3 | 429 3 3 | 313

Coryphopterus hyalinus/pers. 218 11 | 11.46

Ctenogobius saepepallens 1 1 1.43 2 2 | 286 1 1 1.04

Gnatholepis thompsoni 3 3] 4.29 9 6 8.57 3 3 4.29 8 4 5.71

Elacatinus oceanops 1 1| 143 1 1 1.43 2 1 | 143 5 3 | 313

Elacatinus prochilos 9 7 8.57 1 1 1.43 5 3 4.29 3 3 4.29 23 14 | 14.58
Acanthuridae

Acanthurus bahianus 101 40 | 57.14 62 33 | 47.14 85 35 50 86 40 | 57.14 28 20 | 20.83

Acanthurus chirurgus 26 13 | 1857 33 13 | 1857 24 13 | 18.57 18 11 | 15.71 20 15 | 15.63

Acanthurus coeruleus 200 61 | 87.14 257 59 | 84.29 169 56 80 179 55 | 78.57 26 19 | 19.79

Sphyraenidae
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Control Pads Transplants S. Plates Nat. Reef

Familiy  Scientific Name Abund (O | P |Abund |O| P |[Abund [O| P | Abund |O| P [Abund | O | P

Sphyraena barracuda 1 1 1.43 2 2 | 286
Balistidae

Balistes vetula ‘ ‘ ‘ ‘ 2 ‘ 2 ‘ 2.86 ‘ ‘ ‘ ‘
Monacanthidae

Aluterus scriptus 1 1 1.04

Cantherhines pullus 1 1 1.04
Ostraciidae

Lactophrys bicaudalis 1 1 1.43

Lactophrys triqueter 1 1 1.43 1 1 143 3 3 | 429 4 4 417
Tetraodontidae

Canthigaster rostrata 52 31 | 44.29 75 40 | 57.14 69 34 | 48.57 84 42 60 72 46 | 47.92

Sphoeroides spengleri 1 1 1.04
Diodontidae

Diodon hystrix 1 ‘ 1 ‘ 1.43 1 ‘ 1 ‘ 1.43 ‘ ‘ ‘ ‘ ‘ ‘




Appendix 5.3 Species list for Controls, ranked by Percent Occurrence (P). Shaded species
were present with a P of 10% or greater. Species in bold were seen exclusively on the
Control treatment. Abundance is in terms of total fishes counted across all monitoring trips.
Occurrence refers to the number of times one or more members of each species was
observed in a visual survey. N=70. Percent Occurrence = Occurrence/N * 100.

Percent
Abundance Occurrence Occurrence
Acanthurus coeruleus 200 61 87.14
Thalassoma bifasciatum 420 58 82.86
Halichoeres bivittatus 168 51 72.86
Acanthurus bahianus 101 40 57.14
Haemulon plumierii 80 36 51.43
Stegastes partitus 92 35 50.00
Canthigaster rostrata 52 31 44.29
Sparisoma aurofrenatum 34 23 32.86
Holacanthus ciliaris 24 19 27.14
Ocyurus chrysurus 33 19 27.14
Haemulon sciurus 26 18 25.71
Haemulon melanurum 52 17 24.29
Pseudupeneus maculatus 37 17 24.29
Abudefduf saxatilis 16 15 21.43
Haemulon flavolineatum 194 15 21.43
Haemulon spp. 123 15 21.43
Halichoeres radiatus 18 15 21.43
Acanthurus chirurgus 26 13 18.57
Halichoeres garnoti 16 8 11.43
Halichoeres pictus 32 8 11.43
Haemulon aurolineatum 51 7 10.00
Haemulon parra 9 7 10.00
Halichoeres maculipinna 8 7 10.00
Pterois volitans 8 7 10.00
Cephalopholis cruentata 6 6 8.57
Elacatinus prochilos 8 6 8.57
Chromis cyanea 7 5 7.14
Lutjanus analis 8 5 7.14
Pareques acuminatus 8 5 7.14
Epinephelus morio 4 4 5.71
Holocentrus adscensionis 4 4 5.71
Pomacanthus arcuatus 8 4 5.71
Pomacanthus paru 4 4 5.71
Sparisoma rubripinne 11 4 5.71
Chaetodon capistratus 3 3 4.29
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Chaetodon ocellatus
Chaetodon striatus
Gnatholepis thompsoni
Holacanthus tricolor
Lachnolaimus maximus
Lutjanus buccanella
Malacoctenus triangulatus
Serranus tigrinus
Stegastes leucostictus
Anisotremus virginicus
Sparisoma chrysopterum
Stegastes adustus
Alphestes afer

Apogon pseudomaculatus
Bodianus rufus
Calamus calamus
Calamus sp.
Cephalopholis fulva
Chromis multilineata
Diodon hystrix
Elacatinus oceanops
Epinephelus prochilos
Gymnothorax funebris
Gymnothorax moringa
Haemulon album
Lactophrys triqueter
Lutjanus synagris
Malacanthus plumieri
Mycteroperca venenosa
Opistognathus aurifrons
Scorpaena plumieri
Serranus baldwini
Sparisoma atomarium
Sparisoma viride
Stegastes variabilis
Synodus sp.

Xyrichtys splendens
Aluterus scriptus
Amblycirrhitus pinos
Anisotremus surinamensis
Apogon maculatus
Apogon townsendi
Aulostomus maculatus
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Balistes vetula
Cantherhines pullus
Carangoides ruber

Coryphopterus glaucofraenum
Coryphopterus hyalinus/personatus

Cryptotomus roseus
Ctenogobius saepepallens
Enneanectes boehlkei
Enneanectes sp.
Epinephelus adscensionis
Epinephelus guttatus
Gramma loreto
Haemulon carbonarium
Haemulon macrostomum
Halichoeres poeyi
Holacanthus bermudensis
Hypoplectrus unicolor
Lactophrys bicaudalis
Lutjanus apodus
Lutjanus mahogoni
Microspathodon chrysurus
Mullus auratus
Mycteroperca bonaci
Narcine brasiliensis
Ophioblennius macclurei
Rhomboplites aurorubens
Scaridae spp.

Scarus guacamaia
Scarus iseri

Scarus taeniopterus
Scarus vetula

Sparisoma radians
Sphoeroides spengleri
Sphyraena barracuda
Stegastes diencaeus
Stegastes planifrons
Synodus foetens

Synodus intermedius
Urobatis jamaicensis
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Appendix 5.4 Species list for Pads treatment, ranked by Percent Occurrence (P). Shaded
species were present with a P of 10% or greater. Species in bold were observed exclusively
on the Pads treatment. Abundance is in terms of total fishes counted across all monitoring
trips. Occurrence refers to the number of times one or more members of each species was
observed in a visual survey. N=70. Percent Occurrence = Occurrence/N * 100.

Percent
Abundance Occurrence Occurrence
Thalassoma bifasciatum 473 65 92.86
Acanthurus coeruleus 257 59 84.29
Stegastes partitus 153 50 71.43
Halichoeres bivittatus 126 42 60.00
Canthigaster rostrata 75 40 57.14
Acanthurus bahianus 62 33 47.14
Haemulon plumierii 55 33 47.14
Sparisoma aurofrenatum 39 22 31.43
Halichoeres garnoti 49 21 30.00
Ocyurus chrysurus 37 19 27.14
Pseudupeneus maculatus 33 17 24.29
Haemulon sciurus 18 16 22.86
Cephalopholis cruentata 15 14 20.00
Acanthurus chirurgus 33 13 18.57
Halichoeres radiatus 12 11 15.71
Holacanthus ciliaris 11 10 14.29
Haemulon flavolineatum 13 9 12.86
Halichoeres pictus 34 9 12.86
Lachnolaimus maximus 9 8 11.43
Chromis cyanea 25 7 10.00
Haemulon spp. 333 7 10.00
Holacanthus tricolor 8 7 10.00
Abudefduf saxatilis 6 6 8.57
Gnatholepis thompsoni 9 6 8.57
Haemulon aurolineatum 115 6 8.57
Haemulon parra 9 6 8.57
Serranus tigrinus 7 6 8.57
Stegastes variabilis 6 6 8.57
Haemulon melanurum 6 5 7.14
Lutjanus analis 5 5 7.14
Lutjanus buccanella 12 5 7.14
Sparisoma rubripinne 5 5 7.14
Alphestes afer 6 4 5.71
Epinephelus morio 4 4 5.71
Halichoeres maculipinna 6 4 5.71
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Holocentrus adscensionis
Pareques acuminatus
Pterois volitans
Chaetodon striatus
Pomacanthus arcuatus
Stegastes leucostictus
Anisotremus virginicus
Carangoides ruber
Chaetodon capistratus
Chaetodon ocellatus
Halichoeres poeyi
Malacoctenus triangulatus
Pomacanthus paru
Sparisoma chrysopterum
Sparisoma radians
Sparisoma viride

Anisotremus surinamensis

Calamus sp.

Chromis multilineata
Ctenogobius saepepallens
Diodon hystrix
Elacatinus prochilos
Epinephelus guttatus
Epinephelus prochilos
Gymnothorax moringa
Haemulon album
Holacanthus bermudensis
Lutjanus synagris
Malacanthus plumieri
Mycteroperca bonaci
Mycteroperca venenosa
Ophioblennius macclurei
Scarus iseri

Sphyraena barracuda
Stegastes diencaeus
Aluterus scriptus
Amblycirrhitus pinos
Apogon maculatus
Apogon pseudomaculatus
Apogon townsendi
Aulostomus maculatus
Balistes vetula

Bodianus rufus
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Calamus calamus
Cantherhines pullus
Cephalopholis fulva

Coryphopterus glaucofraenum
Coryphopterus hyalinus/personatus

Cryptotomus roseus
Elacatinus oceanops
Enneanectes boehlkei
Enneanectes sp.
Epinephelus adscensionis
Gramma loreto
Gymnothorax funebris
Haemulon carbonarium
Haemulon macrostomum
Hypoplectrus unicolor
Lactophrys bicaudalis
Lactophrys triqueter
Lutjanus apodus
Lutjanus mahogoni
Microspathodon chrysurus
Mullus auratus

Narcine brasiliensis
Opistognathus aurifrons
Rhomboplites aurorubens
Scaridae spp.

Scarus guacamaia
Scarus taeniopterus
Scarus vetula

Scorpaena plumieri
Serranus baldwini
Sparisoma atomarium
Sphoeroides spengleri
Stegastes adustus
Stegastes planifrons
Synodus foetens

Synodus intermedius
Synodus sp.

Urobatis jamaicensis
Xyrichtys splendens
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Appendix 5.5 Species list for Coral Transplant treatment, ranked by Percent Occurrence
(P). Shaded species were present with a P of 10% or greater. Species in bold were observed
exclusively on the Coral Transplant treatment. Abundance is in terms of total fishes
counted across all monitoring trips. Occurrence refers to the number of times one or more
members of each species was observed in a visual survey. N=70. Percent Occurrence =
Occurrence/N * 100.

Percent
Abundance Occurrence Occurrence
Thalassoma bifasciatum 450 60 85.71
Acanthurus coeruleus 169 56 80.00
Halichoeres bivittatus 137 44 62.86
Stegastes partitus 116 40 57.14
Acanthurus bahianus 85 35 50.00
Canthigaster rostrata 69 34 48.57
Haemulon plumierii 43 34 48.57
Halichoeres garnoti 70 24 34.29
Haemulon sciurus 24 23 32.86
Sparisoma aurofrenatum 37 23 32.86
Ocyurus chrysurus 26 17 24.29
Pseudupeneus maculatus 39 15 21.43
Holacanthus ciliaris 20 14 20.00
Acanthurus chirurgus 24 13 18.57
Halichoeres radiatus 15 13 18.57
Haemulon spp. 111 12 17.14
Haemulon melanurum 103 11 15.71
Cephalopholis cruentata 10 10 14.29
Haemulon flavolineatum 55 10 14.29
Chromis cyanea 15 8 11.43
Halichoeres pictus 25 8 11.43
Haemulon parra 11 7 10.00
Pareques acuminatus 12 7 10.00
Halichoeres maculipinna 9 6 8.57
Lutjanus analis 6 6 8.57
Pterois volitans 10 6 8.57
Lutjanus buccanella 11 5 7.14
Pomacanthus arcuatus 5 5 7.14
Serranus tigrinus 6 5 7.14
Haemulon carbonarium 4 4 5.71
Holacanthus tricolor 4 4 5.71
Pomacanthus paru 5 4 5.71
Abudefduf saxatilis 3 3 4.29
Anisotremus virginicus 5 3 4.29
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Chaetodon capistratus
Elacatinus prochilos
Gnatholepis thompsoni
Holocentrus adscensionis
Sparisoma rubripinne
Balistes vetula
Chaetodon striatus
Ctenogobius saepepallens
Epinephelus morio
Epinephelus prochilos
Gymnothorax moringa
Lachnolaimus maximus
Sparisoma chrysopterum
Sparisoma viride
Stegastes variabilis
Alphestes afer
Chaetodon ocellatus
Chromis multilineata

Coryphopterus glaucofraenum

Cryptotomus roseus
Elacatinus oceanops
Enneanectes sp.
Epinephelus guttatus
Gymnothorax funebris
Haemulon album
Haemulon aurolineatum
Lactophrys bicaudalis
Lactophrys triqueter
Malacanthus plumieri
Mycteroperca venenosa
Scaridae spp.
Scorpaena plumieri
Stegastes adustus
Stegastes diencaeus
Stegastes leucostictus
Stegastes planifrons
Aluterus scriptus
Amblycirrhitus pinos
Anisotremus surinamensis
Apogon maculatus
Apogon pseudomaculatus
Apogon townsendi
Aulostomus maculatus
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Bodianus rufus
Calamus calamus
Calamus sp.
Cantherhines pullus
Carangoides ruber
Cephalopholis fulva

Coryphopterus hyalinus/personatus

Diodon hystrix
Enneanectes boehlkei
Epinephelus adscensionis
Gramma loreto
Haemulon macrostomum
Halichoeres poeyi
Holacanthus bermudensis
Hypoplectrus unicolor
Lutjanus apodus
Lutjanus mahogoni
Lutjanus synagris
Malacoctenus triangulatus
Microspathodon chrysurus
Mullus auratus
Mycteroperca bonaci
Narcine brasiliensis
Ophioblennius macclurei
Opistognathus aurifrons
Rhomboplites aurorubens
Scarus guacamaia
Scarus iseri

Scarus taeniopterus
Scarus vetula

Serranus baldwini
Sparisoma atomarium
Sparisoma radians
Sphoeroides spengleri
Sphyraena barracuda
Synodus foetens

Synodus intermedius
Synodus sp.

Urobatis jamaicensis
Xyrichtys splendens
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Appendix 5.6 Species list for Settlement Plate treatment, ranked by Percent Occurrence
(P). Shaded species were present with a P of 10% or greater. Species in bold were observed
exclusively on the Settlement Plate treatment. Abundance is in terms of total fishes counted
across all monitoring trips. Occurrence refers to the number of times one or more members
of each species was observed in a visual survey. N=70. Percent Occurrence = Occurrence/N
*100.

Percent
Abundance Occurrence Occurrence
Thalassoma bifasciatum 556 63 90.00
Acanthurus coeruleus 179 55 78.57
Canthigaster rostrata 84 42 60.00
Halichoeres bivittatus 116 41 58.57
Acanthurus bahianus 86 40 57.14
Stegastes partitus 89 38 54.29
Haemulon plumierii 62 35 50.00
Sparisoma aurofrenatum 48 25 35.71
Halichoeres garnoti 43 20 28.57
Ocyurus chrysurus 32 20 28.57
Haemulon flavolineatum 75 14 20.00
Halichoeres radiatus 18 14 20.00
Haemulon sciurus 13 13 18.57
Holacanthus ciliaris 17 13 18.57
Pseudupeneus maculatus 26 13 18.57
Abudefduf saxatilis 14 11 15.71
Acanthurus chirurgus 18 11 15.71
Mycteroperca microlepis 10 10 14.29
Haemulon melanurum 42 9 12.86
Anisotremus virginicus 10 7 10.00
Haemulon aurolineatum 95 7 10.00
Haemulon parra 19 6 8.57
Halichoeres maculipinna 7 6 8.57
Lutjanus buccanella 12 6 8.57
Cephalopholis cruentata 5 5 7.14
Holacanthus tricolor 5 5 7.14
Lutjanus analis 8 5 7.14
Pomacanthus paru 5 5 7.14
Chaetodon ocellatus 5 4 5.71
Chaetodon striatus 4 4 5.71
Gnatholepis thompsoni 8 4 5.71
Halichoeres pictus 13 4 5.71
Pareques acuminatus 5 4 5.71
Pterois volitans 5 4 5.71
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Sparisoma radians
Alphestes afer

Coryphopterus glaucofraenum

Elacatinus prochilos
Holocentrus adscensionis
Lactophrys triqueter
Scarus iseri

Sparisoma rubripinne
Stegastes leucostictus
Cephalopholis fulva
Chaetodon capistratus
Epinephelus morio
Epinephelus prochilos
Haemulon album
Lachnolaimus maximus
Lutjanus mahogoni
Lutjanus synagris
Mycteroperca bonaci
Serranus tigrinus
Sparisoma viride
Sphyraena barracuda
Apogon maculatus
Bodianus rufus
Carangoides ruber
Chromis cyanea
Chromis multilineata
Elacatinus oceanops
Enneanectes boehlkei
Gymnothorax moringa
Haemulon spp.
Halichoeres poeyi
Pomacanthus arcuatus
Scaridae spp.

Sparisoma atomarium
Sparisoma chrysopterum
Stegastes adustus
Xyrichtys splendens
Aluterus scriptus
Amblycirrhitus pinos
Anisotremus surinamensis
Apogon pseudomaculatus
Apogon townsendi
Aulostomus maculatus
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Balistes vetula
Calamus calamus
Calamus sp.
Cantherhines pullus

Coryphopterus hyalinus/personatus

Cryptotomus roseus
Ctenogobius saepepallens
Diodon hystrix
Enneanectes sp.
Epinephelus adscensionis
Epinephelus guttatus
Gramma loreto
Gymnothorax funebris
Haemulon carbonarium
Haemulon macrostomum
Holacanthus bermudensis
Hypoplectrus unicolor
Lactophrys bicaudalis
Lutjanus apodus
Malacanthus plumieri
Malacoctenus triangulatus
Microspathodon chrysurus
Mullus auratus
Mycteroperca venenosa
Narcine brasiliensis
Ophioblennius macclurei
Opistognathus aurifrons
Rhomboplites aurorubens
Scarus guacamaia
Scarus taeniopterus
Scarus vetula

Scorpaena plumieri
Serranus baldwini
Sphoeroides spengleri
Stegastes diencaeus
Stegastes planifrons
Stegastes variabilis
Synodus foetens

Synodus intermedius
Synodus sp.

Urobatis jamaicensis
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Appendix 5.7 Species list for Natural Reef treatment, ranked by Percent Occurrence (P).
Shaded species were present with a P of 10% or greater. Species in bold were observed
exclusively on the Natural Reef. Abundance is in terms of total fishes counted across all
monitoring trips. Occurrence refers to the number of times one or more members of each
species was observed in a visual survey. N=96. Percent Occurrence = Occurrence/N * 100.

Percent
Abundance Occurrence Occurrence
Halichoeres garnoti 283 71 73.96
Thalassoma bifasciatum 258 55 57.29
Chromis cyanea 308 49 51.04
Canthigaster rostrata 72 46 47.92
Stegastes partitus 92 46 47.92
Haemulon flavolineatum 71 45 46.88
Sparisoma aurofrenatum 59 38 39.58
Stegastes planifrons 76 32 33.33
Haemulon plumierii 30 27 28.13
Ocyurus chrysurus 31 26 27.08
Scarus iseri 57 25 26.04
Acanthurus bahianus 28 20 20.83
Acanthurus coeruleus 26 19 19.79
Stegastes leucostictus 30 19 19.79
Cephalopholis cruentata 19 17 17.71
Haemulon sciurus 18 17 17.71
Sparisoma viride 23 17 17.71
Acanthurus chirurgus 20 15 15.63
Stegastes adustus 24 15 15.63
Elacatinus prochilos 23 14 14.58
Stegastes variabilis 24 14 14.58
Halichoeres bivittatus 24 13 13.54
Pseudupeneus maculatus 14 12 12.50
Coryphopterus hyalinus/personatus 218 11 11.46
Chaetodon capistratus 12 10 10.42
Serranus tigrinus 9 9 9.38
Halichoeres pictus 80 8 8.33
Halichoeres maculipinna 18 7 7.29
Scarus taeniopterus 14 7 7.29
Cephalopholis fulva 6 6 6.25
Holacanthus tricolor 6 6 6.25
Sparisoma radians 7 6 6.25
Haemulon spp. 224 4 4.17
Lactophrys triqueter 4 4 4.17
Stegastes diencaeus 4 4 4,17
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Calamus calamus
Carangoides ruber
Chaetodon ocellatus
Coryphopterus glaucofraenum
Elacatinus oceanops
Epinephelus adscensionis
Halichoeres radiatus
Bodianus rufus
Epinephelus guttatus
Gymnothorax moringa
Haemulon carbonarium
Lutjanus apodus
Sparisoma chrysopterum
Abudefduf saxatilis
Aluterus scriptus
Amblycirrhitus pinos
Anisotremus virginicus
Apogon townsendi
Aulostomus maculatus
Cantherhines pullus
Chromis multilineata
Ctenogobius saepepallens
Haemulon macrostomum
Haemulon melanurum
Holacanthus ciliaris
Hypoplectrus unicolor
Lachnolaimus maximus
Mullus auratus
Mycteroperca venenosa
Narcine brasiliensis
Opistognathus aurifrons
Pareques acuminatus
Rhomboplites aurorubens
Scaridae spp.

Scarus guacamaia
Scarus vetula

Sparisoma atomarium
Sphoeroides spengleri
Synodus foetens

Synodus intermedius
Urobatis jamaicensis
Xyrichtys splendens
Alphestes afer
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Anisotremus surinamensis
Apogon maculatus
Apogon pseudomaculatus
Balistes vetula

Calamus sp.

Chaetodon striatus
Cryptotomus roseus
Diodon hystrix
Enneanectes boehlkei
Enneanectes sp.
Epinephelus morio
Epinephelus prochilos
Gnatholepis thompsoni
Gramma loreto
Gymnothorax funebris
Haemulon album
Haemulon aurolineatum
Haemulon parra
Halichoeres poeyi
Holacanthus bermudensis
Holocentrus adscensionis
Lactophrys bicaudalis
Lutjanus analis

Lutjanus buccanella
Lutjanus mahogoni
Lutjanus synagris
Malacanthus plumieri
Malacoctenus triangulatus
Microspathodon chrysurus
Mycteroperca bonaci
Mycteroperca microlepis
Ophioblennius macclurei
Pomacanthus arcuatus
Pomacanthus paru
Pterois volitans
Scorpaena plumieri
Serranus baldwini
Sparisoma rubripinne
Sphyraena barracuda
Synodus sp.
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Appendix 5.8 Seasonal fluctuations on the substrate modules for eight dominant reef fish

families.
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Appendix 5.9 Seasonal fluctuations on the natural reef for eight dominant reef fish

families.
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Appendix 5.10 Mean abundance of eight dominant reef fish families in Akumal, by
treatment; March 2007 only (N=6, 3, 3, 3, respectively).

Family Species NR Ctrl Pads Plates
Acanthuridae | Acanthurus bahianus 0.5 0.7 - 0.3
Acanthuridae | Acanthurus coeruleus 0.6 0.7 3.3 0.3
Gobiidae Coryphopterus glaucofraenum - 0.2 - -
Gobiidae Elacatinus oceanops 0.2 - - 0.3
Gobiidae Gnatholepis thompsoni - 0.3 - -
Haemulidae Haemulon album 0.1 - - -
Haemulidae Haemulon carbonarium 0.1 - - -
Haemulidae Haemulon flavolineatum 0.2 - 0.3 -
Haemulidae Haemulon plumierii 0.6 0.3 1.0 0.7
Haemulidae Haemulon sciurus 0.2 0.2 - -
Labridae Bodianus rufus 0.2 - - -
Labridae Clepticus parrae 0.2 - - -
Labridae Halichoeres bivittatus - 1.2 3.0 0.3
Labridae Halichoeres garnoti 5.8 0.5 - 0.3
Labridae Halichoeres radiatus 0.2 - - 1.0
Labridae Lachnolaimus maximus - - 0.3 -
Labridae Thalassoma bifasciatum 9.5 2.3 3.0 3.0
Lutjanidae Lutjanus apodus - - 0.3 -
Lutjanidae Lutjanus buccanella - - - 8.3
Lutjanidae Lutjanus mahogoni 0.2 - - -
Lutjanidae Ocyurus chrysurus 0.4 0.3 - -
Pomacentridae | Abudefduf saxatilis 0.2 - - 0.7
Pomacentridae | Chromis cyanea 0.9 - - -
Pomacentridae | Microspathodon chrysurus 0.2 - - -
Pomacentridae | Pomacentridae sp. 0.2 - - -
Pomacentridae | Stegastes adustus - - - 0.3
Pomacentridae | Stegastes leucostictus 0.3 - - -
Pomacentridae | Stegastes partitus 0.5 - 0.7 -
Pomacentridae | Stegastes variabilis 0.4 - - -
Scaridae Sparisoma aurofrenatum 0.5 - - -
Scaridae Sparisoma viride 0.2 0.2 - -
Serranidae Cephalopholis cruentata 0.1 0.2 - -
Serranidae Cephalopholis fulva 0.5 - 0.3 -
Tetraodontidae | Canthigaster rostrata 0.2 0.2 - -
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Appendix 5.11 Resident and Transient reef fish species, ranked in descending order by

total abundance with all treatments combined.

Residents Total Transients Total

Thalassoma bifasciatum 2157 Acanthurus coeruleus 831
Haemulon spp. 831 Halichoeres bivittatus 571
Stegastes partitus 542 Halichoeres garnoti 461
Haemulon flavolineatum 408 Acanthurus bahianus 362
Chromis cyanea 356 Sparisoma aurofrenatum | 217
Canthigaster rostrata 352 Ocyurus chrysurus 159
Haemulon plumierii 270 Pseudupeneus maculatus | 149
Haemulon aurolineatum 262 Acanthurus chirurgus 121
Coryphopterus hyalinus/personatus | 218 Halichoeres radiatus 66
Haemulon melanurum 204 Scarus iseri 62
Halichoeres pictus 184 Halichoeres maculipinna | 48
Haemulon sciurus 99 Lutjanus buccanella 38
Stegastes planifrons 77 Sparisoma viride 31
Holacanthus ciliaris 73 Lutjanus analis 27
Cephalopholis cruentata 55 Anisotremus virginicus 23
Elacatinus prochilos 48 Sparisoma rubripinne 22
Haemulon parra 48 Lachnolaimus maximus 19
Abudefduf saxatilis 42 Xyrichtys splendens 17
Stegastes leucostictus 41 Sparisoma chrysopterum | 15
Stegastes variabilis 34 Sparisoma radians 15
Pareques acuminatus 33 Scarus taeniopterus 14
Chaetodon capistratus 28 Calamus sp. 13
Stegastes adustus 28 Lactophrys triqueter 9
Pterois volitans 27 Carangoides ruber 6
Serranus tigrinus 27 Lutjanus synagris 6
Holacanthus tricolor 26 Scaridae spp. 5
Gnatholepis thompsoni 23 Calamus calamus 4
Chaetodon ocellatus 19 Malacanthus plumieri 4
Pomacanthus arcuatus 19 Mycteroperca venenosa 4
Haemulon album 17 Sparisoma atomarium 4
Pomacanthus paru 16 Cryptotomus roseus 3
Chaetodon striatus 15 Halichoeres poeyi 3
Holocentrus adscensionis 14 Lutjanus apodus 3
Epinephelus morio 12 Mycteroperca bonaci 3
Alphestes afer 11 Sphyraena barracuda 3
Cephalopholis fulva 10 Balistes vetula 2
Elacatinus oceanops 9 Diodon hystrix 2
Coryphopterus glaucofraenum 7 Lutjanus mahogoni 2
Gymnothorax moringa 7 Rhomboplites aurorubens | 2
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Residents Total Transients Total
Haemulon carbonarium Scarus vetula 2
Malacoctenus triangulatus Scorpaena plumieri 2
Stegastes diencaeus Aluterus scriptus 1
Chromis multilineata Lactophrys bicaudalis 1
Opistognathus aurifrons Mullus auratus 1
Bodianus rufus Narcine brasiliensis 1
Ctenogobius saepepallens Scarus guacamaia 1
Epinephelus guttatus Sphoeroides spengleri 1
Epinephelus adscensionis Synodus foetens 1
Anisotremus surinamensis Synodus intermedius 1
Apogon maculatus Synodus sp. 1
Enneanectes boehlkei Urobatis jamaicensis 1

Gymnothorax funebris
Amblycirrhitus pinos
Apogon pseudomaculatus
Apogon townsendi
Aulostomus maculatus
Cantherhines pullus
Enneanectes sp.
Haemulon macrostomum
Holacanthus bermudensis
Hypoplectrus unicolor
Ophioblennius macclurei
Serranus baldwini
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