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Abele, L. G. & Patton, W. K. (1976). The size of coral heads and the community biology of associated 

decapod\crustaceans Journal of Biogeography, 35-47. 
Fifty-five species of decapod crustaceans are associated with live coral heads of Pocillopora damicornis in the Gulf of Panama. Both numbers of species and indivi- duals of decapods are highly correlated with the area of the coral heads. Small coral heads have fewer species, smaller individual species population sizes and a slightly higher total interspecific density than large coral heads. Area influences species numbers apparently by regulating population sizes of most species. Population sizes of the majority of the species are positively correlated with area, but some are area-independent and one is inversely correlated with area. There are fewer congeneric species than expected on each coral head, possibly because of interspecific interference. Knowledge of frequency of occurrence allows predictions of species numbers on two small as opposed to one large coral head. Predictions of species numbers on coral heads based on rarefaction are consistently and significantly higher than the observed species numbers.

Acosta, C. A. (1999). Benthic Dispersal of Caribbean Spiny Lobsters Among Insular Habitats: Implications for the Conservation of Exploited Marine Species. Conservation Biology, 13. 

Understanding how populations of target species interact with their habitats is necessary for developing an effective conservation strategy. During its complex life history, the Caribbean spiny lobster (Panulirus argus) uses a variety of benthic marine habitats, but how habitat characteristics affect their dispersal is unclear. To assess how habitat insularity affects the benthic dispersal of spiny lobsters, I compared lobster abundance, size class structure, and migration among insular mangrove and coral reef habitats that were surrounded by bare rubble fields or by seagrass meadows. Lobsters were significantly more abundant on mangrove and coral islands surrounded by seagrass. The size-class distributions of lobsters in these habitats had higher proportions of juveniles, whereas islands surrounded by sand and rubble had skewed distributions dominated by adult lobsters. Seagrass is known to serve as settlement habitat for larval recruits and is likely associated with the higher abundances of lobsters found in seagrass-isolated habitats. Immigration and emigration rates were three to four times higher on seagrass-isolated islands than on rubble-isolated islands, reflected in the significantly greater number of juveniles moving into and from seagrass-isolated islands. Rubble fields appeared to function as a barrier to benthic dispersal for all lobsters except adults. Vegetated substrates may function as movement corridors for juvenile lobsters and may facilitate dispersal to areas containing new resources. The effects of insularity on a population may be lessened by the nature of the surrounding habitats if those habitats have important functional roles as larval settlement areas, foraging grounds, or movement corridors. Protection of insular habitats like coral reefs may be ineffective if related habitats like seagrass meadows are left unprotected. Conservation strategies for mobile benthic species need to incorporate the protection of areas with heterogeneous habitats that are important to meet the changing habitat requirements in complex life cycles.

Adam, T. C. & et al (2011). Herbivory, connectivity, and ecosystem resilience: Response of a coral reef to a 

large-scale perturbation. PLoS ONE, 6. 

Coral reefs world-wide are threatened by escalating local and global impacts, and some impacted reefs have shifted from coral dominance to a state dominated by macroalgae. Therefore, there is a growing need to understand the processes that affect the capacity of these ecosystems to return to coral dominance following disturbances, including those that prevent the establishment of persistent stands of macroalgae. Unlike many reefs in the Caribbean, over the last several decades, reefs around the Indo-Pacific island of Moorea, French Polynesia have consistently returned to coral dominance following major perturbations without shifting to a macroalgae-dominated state. Here, we present evidence of a rapid increase in populations of herbivorous fishes following the most recent perturbation, and show that grazing by these herbivores has prevented the establishment of macroalgae following near complete loss of coral on offshore reefs. Importantly, we found the positive response of herbivorous fishes to increased benthic primary productivity associated with coral loss was driven largely by parrotfishes that initially recruit to stable nursery habitat within the lagoons before moving to offshore reefs later in life. These results underscore the importance of connectivity between the lagoon and offshore reefs for preventing the establishment of macroalgae following disturbances, and indicate that protecting nearshore nursery habitat of herbivorous fishes is critical for maintaining reef resilience.

Adams, A. J., Dahlgren, C. P., Kellison, G., Kendall, M. S., Layman, C. A., Ley, J. A. et al. (2006). Nursery 

function of tropical back-reef systems. Marine Ecology Progress Series, 318. 

Similar to nearshore systems in temperate latitudes, the nursery paradigm for tropical back-reef systems is that they provide a habitat for juveniles of species that subsequently make ontogenetic shifts to adult populations on coral reefs (we refer to this as the nursery function of back-reef systems). Nevertheless, we lack a full understanding of the importance of the nursery function of back-reef systems to the maintenance of coral reef fishes and invertebrate populations; the few studies that have examined the nursery function of multiple habitats indicate that the relationship between juvenile production in back-reef habitats and their subsequent contribution to adult populations on reefs remain poorly understood. In this synopsis we (1) synthesize current knowledge of life history, ecological and habitat influences on juvenile distribution patterns and nursery function within back-reef systems; (2) outline a research strategy for assessing the nursery function of various habitat types in back-reef systems; and (3) discuss management recommendations, particularly in regard to how improved knowledge of the nursery function of back-reef systems can be used in fisheries and ecosystem management, including habitat conservation and restoration decisions. The research strategy builds on research recommendations for assessing the nursery function of temperate habitats and includes 4 levels of research: (1) building conceptual models to guide research and management; (2) identifying juvenile habitat use patterns; (3) measuring connectivity of juvenile and adult populations between habitats; and (4) examining ecological processes that may influence patterns assessed in Level 2 and Level 3 research. Research and modeling output from Levels 1 to 4 will provide an improved ecological understanding of the degree and importance of interconnections between coral reef and adjacent back-reef systems, and will provide information to managers that will facilitate wise decisions pertaining to habitat conservation, habitat restoration, and ecosystem-based management, and the maintenance of sustainable fisheries.

Aguilar, C. and J. A. Sanchez. 2007. Molecular morphometrics: contribution of ITS2 sequences and predicted 
RNA secondary structures to octocoral systematics. Bulletin of Marine Science 81(3): 335-349.


Octocorals are among the largest and most diverse invertebrates on seamounts
and in deep water but most of their systematics remains misunderstood. Molecular
studies have produced new insights at higher levels. Unfortunately, most DNA sequences
from both mitochondrial and nuclear genes have exhibited much conservation,
preventing their use for closely related species. The internal transcribed spacers
(ITSs) from the nuclear ribosomal-DNA have shown considerable variation among
octocorals, and the ITS2 sequence has turned out to be a promising region. Here
we provide new sequences and predicted RNA secondary structures for the ITS2
of fourteen octocorals. The sequences exhibited the highly conserved six-helicoidal
ring-model structure found in yeast, insects, and vertebrates. A molecular morphometrics
approach of 14 octocoral species produced 49 characters and 15 equally
parsimonious trees. Consensus trees retained most of the relationships found with
conserved mtDNA sequences. For instance, the node grouping Alaskagorgia aleutiana
Sanchez and Cairns, 2004 with Muricea muricata (Pallas, 1766) was highly
supported, which comprises independent support for the placement of this recently
described deep-water species with the Plexauridae, in spite of having poor affinities
according to morphology. Molecular morphometrics skips the issue of dealing with
multiple insertions and deletions, and saturation in the primary information from
sequence alignments. Nonetheless, the reliability and phylogenetic signal of ITS2 is
better for intrageneric studies.

Ahlfeld, T. E., G. S. Boland, and J. J. Kendall. 2007. Protection of deep-water corals with the development of oil and gas resources in the U.S. Gulf of Mexico: an adaptive approach. Bulletin of Marine Science 81(Supplement 1): 59-64.


The occurrence of Lophelia pertusa (Linnaeus, 1758) in the northern Gulf of Mexico
(GOM) was first documented by Louis de Pourtalès in the late 1860s. The coral specimens
were found in dredge samples collected during U.S. Coast Survey cruises conducted
in the Straits of Florida and between the Dry Tortugas and the Campeche Bank
(Smith, 1954). An extensive deep-water reef in the GOM was discovered in the 1950s
approximately 74 km east of the Mississippi River Delta (Moore and Bullis, 1960). This
reef, in water depths of 420–512 m, was reported as being composed largely of L. pertusa
with the largest portion of the reef extending to a width of 55 m and length of over
305 m (Moore and Bullis, 1960). These habitats have since been shown to be much more
extensive and important to the support of diverse communities of associated fauna than
previously known in the GOM. Schroeder (2002) reported observations of L. pertusa on
the upper De Soto Slope in the northeastern GOM.

Albright, R. & Langdon, C. (2011). Ocean acidification impacts multiple early life history processes of the  

Caribbean coral Porites astreoides. Global Change Biology 1, 7, 2478-2487.  

 Ocean acidification (OA) refers to the increase in acidity (decrease in pH) of the ocean's surface waters resulting from oceanic uptake of atmospheric carbon dioxide (CO2). Mounting experimental evidence suggests that OA threatens numerous marine organisms, including reef-building corals. Coral recruitment is critical to the persistence and resilience of coral reefs and is regulated by several early life processes, including: larval availability (gamete production, fertilization, etc.), larval settlement, postsettlement growth, and survival. Environmental factors that disrupt these early life processes can result in compromised or failed recruitment and profoundly affect future population dynamics. To evaluate the effects of OA on the sexual recruitment of corals, we tested larval metabolism, larval settlement, and postsettlement growth of the common Caribbean coral Porites astreoides at three pCO2 levels: ambient seawater (380 ?atm) and two pCO2 scenarios that are projected to occur by the middle (560 ?atm) and end (800 ?atm) of the century. Our results show that larval metabolism is depressed by 27% and 63% at 560 and 800 ?atm, respectively, compared with controls. Settlement was reduced by 42-45% at 560 ?atm and 55-60% at 800 ?atm, relative to controls. Results indicate that OA primarily affects settlement via indirect pathways, whereby acidified seawater alters the substrate community composition, limiting the availability of settlement cues. Postsettlement growth decreased by 16% and 35% at 560 and 800 ?atm, respectively, relative to controls. This study demonstrates that OA has the potential to negatively impact multiple early life history processes of P. astreoides and may contribute to substantial declines in sexual recruitment that are felt at the community and/or ecosystem scale.

Albright, R. (2011). Reviewing the effects of ocean acidification on sexual reproduction and early life history stages of reef-building corals. Journal of Marine Biology, 2011, 1-14.

Ocean acidification (OA) is a relatively young yet rapidly developing scientific field. Assessing the potential response(s) of marine organisms to projected near-future OA scenarios has been at the forefront of scientific research, with a focus on ecosystems (e.g., coral reefs) and processes (e.g., calcification) that are deemed particularly vulnerable. Recently, a heightened emphasis has been placed on evaluating early life history stages as these stages are generally perceived to be more sensitive to environmental change. The number of acidification-related studies focused on early life stages has risen dramatically over the last several years. While early life history stages of corals have been understudied compared to other marine invertebrate taxa (e.g., echinoderms, mollusks), numerous studies exist to contribute to our status of knowledge regarding the potential impacts of OA on coral recruitment dynamics. To synthesize this information, the present paper reviews the primary literature on the effects of acidification on sexual reproduction and early stages of corals, incorporating lessons learned from more thoroughly studied taxa to both assess our current understanding of the potential impacts of OA on coral recruitment and to inform and guide future research in this area.

Allison, G.W.  Lubchenko, J., Carr. M.H. (1998)  Marine reserves are necessary but not sufficient for marine conservation. Ecological Applications. 8(I) Supplement. pp. S79-S92.
The intensity of human pressure on marine systems has led to a push for stronger marine conservation efforts. Recently, marine reserves have become one highly advocated form of marine conservation, and the number of newly designated reserves has increased dramatically. Reserves will be essential for conservation efforts because they can provide unique protection for critical areas, they can provide a spatial escape for intensely exploited species, and they can potentially act as buffers against some management miscalculations and unforeseen or unusual conditions. Reserve design and effectiveness can be dramatically improved by better use of existing scientific understanding. Reserves are insufficient protection alone, however, because they are not isolated from all critical impacts. Communities residing within marine reserves are strongly influenced by the highly variable conditions of the water masses that continuously flow through them. 

Almany, G. R., Berumen, M. L., Thorrold, S. R., Planes, S., & Jones, G. P. (2007). Local Replenishment of Coral Reef Fish Populations in a Marine Reserve. Science, 316. 

The scale of larval dispersal of marine organisms is important for the design of networks of marine protected areas. We examined the fate of coral reef fish larvae produced at a small island reserve, using a mass-marking method based on maternal transmission of stable isotopes to offspring. Approximately 60% of settled juveniles were spawned at the island, for species with both short (<2 weeks) and long (>1 month) pelagic larval durations. If natal homing of larvae is a common life-history strategy, the appropriate spatial scales for the management and conservation of coral reefs are likely to be much smaller than previously assumed.

Althaus, F., Williams, A., Schlacher, T. A., & et al (2009). Impacts of bottom trawling on deep-coral ecosystems of seamounts are long-lasting. Marine Ecology Progress Series, 397, 279-294.

Complex biogenic habitats formed by corals are important components of the megabenthos
of seamounts, but their fragility makes them susceptible to damage by bottom trawling. Here we
examine changes to stony corals and associated megabenthic assemblages on seamounts off Tasmania
(Australia) with different histories of bottom-contact trawling by analysing 64 504 video frames
(25 seamounts) and 704 high-resolution images (7 seamounts). Trawling had a dramatic impact on the
seamount benthos: (1) bottom cover of the matrix-forming stony coral Solenosmilia variabilis was
reduced by 2 orders of magnitude; (2) loss of coral habitat translated into 3-fold declines in richness,
diversity and density of other megabenthos; and (3) megabenthos assemblage structures diverged
widely between trawled and untrawled seamounts. On seamounts where trawling had been reduced
to <5% a decade ago and ceased completely 5 yr ago, there was no clear signal of recovery of the
megabenthos; communities remained impoverished comprising fewer species at reduced densities.
Differences in community structure in the trawled (as compared to the untrawled) seamounts were
attributed to resistant species that survived initial impacts, others protected in natural refugia and
early colonisers. Long-term persistence of trawling impacts on deep-water corals is consistent with
their biological traits (e.g. slow growth rates, fragility) that make them particularly vulnerable.
Because recovery on seamounts will be slow, the benefits from fishery closures may not be immediately
recognisable or measurable. Spatial closures are crucial conservation instruments, but will
require long-term commitments and expectations of performance whose time frames match the biological
tempo in the deep sea.

Alvarez-Filip, L. & et al (2011). Region-wide temporal and spatial variation in Caribbean reef architecture: is coral cover the whole story? Global Change Biology, 17, 2470-2477.
 
The architectural complexity of coral reefs is largely generated by reef-building corals, yet the effects of current regional-scale declines in coral cover on reef complexity are poorly understood. In particular, both the extent to which declines in coral cover lead to declines in complexity and the length of time it takes for reefs to collapse following coral mortality are unknown. Here we assess the extent of temporal and spatial covariation between coral cover and reef architectural complexity using a Caribbean-wide dataset of temporally replicated estimates spanning four decades. Both coral cover and architectural complexity have declined rapidly over time, with little evidence of a time-lag. However, annual rates of change in coral cover and complexity do not covary, and levels of complexity vary greatly among reefs with similar coral cover. These findings suggest that the stressors influencing Caribbean reefs are sufficiently severe and widespread to produce similar regional-scale declines in coral cover and reef complexity, even though reef architectural complexity is not a direct function of coral cover at local scales. Given that architectural complexity is not a simple function of coral cover, it is important that conservation monitoring and restoration give due consideration to both architecture and coral cover. This will help ensure that the ecosystem services supported by architectural complexity, such as nutrient recycling, dissipation of wave energy, fish production and diversity, are maintained and enhanced.

Ammar, M. S. A., Amin, E. M., Gundacker, D., & Mueller, W. E. G. (2000). One rational strategy for restoration of coral reefs: Application of molecular biological tools to select sites for rehabilitation by asexual recruits. Marine Pollution Bulletin, 40. 

Experiments for reef rehabilitation were performed at two selected sites near Hurghada (Red Sea, Egypt) the reef close to the Marine Biological Station (with a high sedimentation rate from landfilling) and El-Fanadir Reef (a clear mater site). Since only little is known about the influence of the physical environmental conditions, novel molecular biological approaches have been introduced to assess the metabolic status of corals. In order to avoid possible interference with symbionts the molecular studies have been performed with the octocoral Dendronephthya klunzingeri; this species does not contain zooxanthellae. The metabolic enzymes fructose-1,6-bisphosphatase and the succinat-dehydrogenase served as markers for the assessment of the health status of the corals. The cDNAs for both enzymes were isolated and their levels of expression were found to be correlated with the degree of environmental stress. High expression was found at the El-Fanadir Reef, while only low levels were measured at the Marine Biological Station, which is characterized by high sedimentation rates. From this it is concluded that the health state of D. klunzingeri from El-Fanadir is superior to the one from the Marine Biological Station. Six reef-building corals have therefore been selected from El-Fanadir for the transplantation studies. We applied fixation of coral nubbins in plastic meshes with narrow openings. The asexual recruits remained either unfixed or had been glued to the mesh with epoxy resin. A total of 236 coral fragments were transplanted at the Marine Biological Station Reef and 108 fragments at El-Fanadir Reef. The referred technique was successful and the survival rates were higher for samples fixed with epoxy resin than for those without epoxy resin. The survival and growth rates of the coral transplants were found to be higher at the windward side of El-Fanadir Reef than on the leeward side of the same reef. Furthermore, the mortality rates at the leeward side of El-Fanadir Reef were still lower compared to the Marine Biological Station. The coral species Pocillopora damicornis grew well in the clearer water and hard rocky substrate but it did not grow at all in turbid mater and sandy substrate; however, the species Acropora humilis grew web in both environments but with higher rates in the clearer water. After one year of transplantation, the massive coral Favia stelligera recorded the highest survival rate of all coral species at the Marine Biological Station Reef; but among branching corals, A. humilis had the highest value and P. damicornis the lowest. Contrary to this result, P. damicornis recorded the highest value at El-Fanadir Reef. It is concluded that asexual recruits of corals, taken from a site (D. klunzingeri from El-Fanadir) physiologically favorable for them, are suitable for a coral restoration strategy. 

Anderson, G. R., Ehrlich, A. H., Ehrich, P. R., Roughgarden, J. D., Russell, B. C., & Talbot, F. H. (1981). The Community Structure of Coral Reefs. The American Naturalist, 117, 476-495. 
The structure of coral reef fish communities as exemplified by butterfly fishes is discussed.

Andrefouet, S. & et al (2002). Choosing the appropriate spatial resolution for monitoring coral bleaching events using remote sensing. Coral Reefs, 21, 147-154. 

 Bleached corals provide a strong optical signal that suggests that remote sensing investigations of major bleaching events are feasible using airborne or satellite sensors. However, patchy coral cover, varying intensities of bleaching, and water depths are likely to limit the application of remote sensing techniques in monitoring and mapping coral bleaching. Today, satellite multispectral sensors routinely provide images of reefs from 4 m (Ikonos) to 30 m resolution (Landsat); however, the adequacy of these sensors for monitoring and mapping bleaching events remains unclear. To clarify these issues, scanned aerial photographs acquired during the 1998 bleaching event over the Great Barrier Reef (Australia) were analyzed at various spatial resolutions, from 10 cm to 5 m.

Anthony, K. R. N. & et al (2011). Ocean acidification and warming will lower coral reef resilience. Global Change Biology, 17, 1798-1808. 

 Ocean warming and acidification from increasing levels of atmospheric CO2 represent major global threats to coral reefs, and are in many regions exacerbated by local-scale disturbances such as overfishing and nutrient enrichment. Our understanding of global threats and local-scale disturbances on reefs is growing, but their relative contribution to reef resilience and vulnerability in the future is unclear. Here, we analyse quantitatively how different combinations of CO2 and fishing pressure on herbivores will affect the ecological resilience of a simplified benthic reef community, as defined by its capacity to maintain and recover to coral-dominated states. We use a dynamic community model integrated with the growth and mortality responses for branching corals (Acropora) and fleshy macroalgae (Lobophora). We operationalize the resilience framework by parameterizing the response function for coral growth (calcification) by ocean acidification and warming, coral bleaching and mortality by warming, macroalgal mortality by herbivore grazing and macroalgal growth via nutrient loading. The model was run for changes in sea surface temperature and water chemistry predicted by the rise in atmospheric CO2 projected from the IPCC's fossil-fuel intensive A1FI scenario during this century. Results demonstrated that severe acidification and warming alone can lower reef resilience (via impairment of coral growth and increased coral mortality) even under high grazing intensity and low nutrients. Further, the threshold at which herbivore overfishing (reduced grazing) leads to a coral-algal phase shift was lowered by acidification and warming. These analyses support two important conclusions: Firstly, reefs already subjected to herbivore overfishing and nutrification are likely to be more vulnerable to increasing CO2. Secondly, under CO2 regimes above 450-500 ppm, management of local-scale disturbances will become critical to keeping reefs within an Acropora-rich domain.

Appledoorn, R., Hensley, D. A., & Shapiro, S. Y. (1988). The use of various tracers in assessing the fate of pelagic eggs spawned by coral reef fishes 
Aranson, R.B., et al. (2005). Long-Term Persistence of Coral Assemblages on the Flower Garden Banks, Northwestern Gulf of Mexico: Implications for Science and Management Gulf of Mexico Science,(1), pp. 84–94.

The coral reefs of the Flower Garden Banks (FGB) are among the most sensitive biological communities in U.S. Federal waters of the Gulf of Mexico. In 1973, the Minerals Management Service (MMS) established a program of protective activities at those reefs. The MMS and the National Oceanic and Atmospheric

Administration (NOAA) have been monitoring coral populations on a long-term basis to detect incipient changes caused by oil and gas activities. The results also help in explaining the widespread degradation of reef ecosystems observed in the Caribbean region over the past few decades. Two sites, each 100 _ 100 m and 17–26 m deep, have been monitored since 1988: one on the East FGB and the other on the West FGB. The mean coverage of living hard corals exceeded 50% at the two banks in 2002–2003, consistent with estimates of coral cover in previous years. We compared our results from 2002–2003 with data collected during the same period on protected reefs within the Florida Keys National Marine Sanctuary (FKNMS). Low values of coral cover on the reefs in the FKNMS exemplify how catastrophic mortality of the formerly dominant Acropora spp. led to degradation of coral assemblages throughout the Caribbean. The FGB remained in exceptionally good condition, largely for reasons of geography; their northern location excluded the cold-sensitive acroporids, so the regional-scale loss of acroporids did not reduce coral cover. The continuing multidecadal baseline of reef condition generated by the monitoring program at the FGB will enable managers to make informed decisions in the event of future changes to their biota.

Aranson, R. B. & Precht, W. F. (2000). Herbivory and Algal Dynamics on the Coral Reef at Discovery Bay, Jamaica. Limnology and Oceanography, 45, 251-255.


A hypothesis that the cover of noncoralline macroalgae increased dramatically because of a decrease in herbivory on Caribbean reefs in the 1980's and 90's is supported by observations at Discovery Bay Jamaica.
Arceo, A., Cheminée, A.,Bodilis, P., Mangialajo, L. Francour, P. (2012) Fishery reserve effects on sparid recruitment along French Mediterranean coasts. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13.

Many studies have reported increasing trends in fish abundance and biomass inside marine

reserves. This “reserve effect” may lead to increased fecundity and production inside the reserve, enhancing

recruitment in surrounding areas. However, the increase in piscivorous and other large carnivorous fish

species (i.e. predators) could also translate to higher predation inside the reserve, thus reducing recruitment.

In this study, juvenile Diplodus sargus (Sparidae) were surveyed in their nursery habitats in Saint-Raphäel,

French Mediterranean to determine the effects of protection on density and mortality. Visual census was

undertaken weekly during the recruitment season (June to August 2011) in 12 nursery coves situated across

two zones: inside the Cantonnement de Pêche du Cap Roux (Cap Roux Fishery Reserve) and outside

(control) the reserve. There were no significant differences in juvenile peak density between zones although

it was slightly higher outside than inside the reserve. Instantaneous mortality rate was significantly higher in

the reserve than outside (1-way ANOVA, p = 0.024). Mortality seems to be density-independent. This study

       shows indications that recruitment of the rocky reef fish, D. sargus, is lower inside the reserve compared to

       nearby fished areas and that this pattern could be attributed to predation. However, further research is
       warranted to obtain more unequivocal conclusions

Ardron, J. A., G. S. Jamieson, and D. Hangaard. (2007). Spatial identification of closures to reduce the by-catch of corals and sponges in the groundfish trawl fishery, British Columbia, Canada. Bulletin of Marine Science 81(Supplement 1): 157-167.
 
From 1996 to 2004, approximately 322 t of cold-water corals and sponges were observed as by-catch in British Columbia's (BC) groundfish bottom trawl fishery. We explore an efficient spatial establishment of closures in BC to significantly reduce by-catch and destruction of habitat-forming corals and sponges. Density analyses of by-catch locations indicate twelve areas of high coral/sponge species concentration, representing about 7.5% of BC's continental shelf and slope, but about 97% of all coral/sponge by-catch by weight. These twelve areas represent the diversity of corals and sponges identified in the observer data, though site-specific verification is required due to low confidence in species identification in the dataset. These twelve areas are of average economic value to the fishery, however, because the fishery is an individual quota fishery, and due to the mobility of many groundfish species, it is difficult to estimate the potential economic cost of establishing these closures. Closing an area does not necessarily mean that mobile individuals of targeted species would not be caught elsewhere. Overall, the proposed potential closure areas contain about one quarter of historic (1996-2002) trawl sets.

Arias-Gonzalez, J. E. (1998). Trophic models of protected and unprotected coral reef ecosystems in the south of the Mexican Caribbean. Journal of Fish Biology, 53. 
Aronson, R. B., Macintyre, I. G., Precht, W. F., Murdoch, T. J. T., & Wapnick, C. M. (2002). The expanding scale of species turnover events on coral reefs in Belize. Ecological Monographs, 72.


Atchison, A. D., Sammarco, P. W., & Brazeau, D. A. (2008). Genetic Connectivity in Corals on the Flower Garden Banks and Surrounding Oil/Gas Platforms, Gulf of Mexico. Journal of Experimental Marine Biology and Ecology, 365, 1-12.


The northern Gulf of Mexico (GOM) currently possesses ~Â 3,600 offshore oil and gas production platforms. These platforms serve as artificial reefs on the continental shelf, where, until their introduction, shallow hard substrata were rare. This newly available substrate has helped to expand scleractinian coral populations in the GOM. Here, we conduct molecular genetic analyses on adult scleractinian corals on the Flower Garden Banks (FGB) coral reefs (~Â 180Â km SE of Galveston, TX) and on surrounding oil and gas platforms. We have attempted to determine the degree of genetic affinity among the natural populations and those on the surrounding platforms. The three most abundant hermatypic scleractinian species were sampled: Madracis decactis, Diploria strigosa, and Montastraea cavernosa. Tissue samples were collected from the East (E-) and West (W-) FGB, and seven platforms within a 65Â km radius of the FGB, at a depth range of 5-37Â m. Genetic variation was assessed using Amplified Fragment Length Polymorphisms (AFLPs). 

Ault, J. et al. (2012). Assessing coral reef fish population and community changes in response to marine reserves in the Dry Tortugas, Florida, USA  Fisheries Research. http://dx.doi.org/10.1016/j.fishres.2012.10.007.

The efficacy of no-take marine reserves (NTMRs) to enhance and sustain regional coral reef fisheries was assessed in Dry Tortugas, Florida, through 9 annual fishery-independent research surveys spanning 2 years before and 10 years after NTMR implementation. A probabilistic sampling design produced precise estimates of population metrics of more than 250 exploited and non-target reef fishes. During the survey period more than 8100 research dives utilizing SCUBA Nitrox were optimally allocated using stratified random sampling. The survey domain covered 326 km2, comprised of eight reef habitats in four man-agement areas that offered different levels of resource protection: the Tortugas North Ecological Reserve (a NTMR), Dry Tortugas National Park (recreational angling only), Dry Tortugas National Park Research Natural Area (a NTMR), and southern Tortugas Bank (open to all types of fishing). Surveys detected signif-icant changes in population occupancy, density, and abundance within management zones for a suite of exploited and non-target species. Increases in size, adult abundance, and occupancy rates were detected for many principal exploited species in protected areas, which harbored a disproportionately greater number of adult spawning fishes. In contrast, density and occupancy rates for aquaria and non-target reef fishes fluctuated above and below baseline levels in each management zone. Observed decreases in density of exploited species below baseline levels only occurred at the Tortugas Bank area open to all fishing. Our findings indicate that these NTMRs, in conjunction with traditional fishery management control strategies, are helping to build sustainable fisheries while protecting the fundamental ecological dynamics of the Florida Keys coral-reef ecosystem.
Ault, J., Smith, S. G., Guillermo, A. D., & Franklin, E. C. (2003). Florida Hogfish Fishery Stock Assessment (Rep. No. 7701617573). St. Petersburg, FL: FMRI. 

The Florida hogfish fishery is an economically-important part of the snapper-grouper
complex of about 60 exploited fishes. As a consumer of shrimp, crabs and clams, hogfish play an
essential ecological role within the larger multispecies reef fish community in the Florida coral reef
ecosystem comprised of about 350 reef fishes and macroinvertebrates. Concern about the
sustainability of the hogfish fishery has prompted a more in depth look at the status of the stock.

Ault, J. & et al (2008). Length based assessment of sustainability benchmarks for coral reef fishes in Puerto Rico. Environmental Conservation, 35, 221-231. 

The sustainability of multispecies coral reef fisheries is a key conservation concern given their economic
and ecological importance. Empirical estimation and numerical model analyses were conducted to evaluate
exploitation status via resource reference points (or sustainability benchmarks) for coral reef fishes of the
snapper-grouper complex in Puerto Rico. Mean size (¯L, in length) of animals in the exploited part of
the population was estimated from fishery-dependent and fishery-independent size composition data and
used as an indicator variable of exploitation rates. In application, fishing mortality rates estimated from ¯L
of various data sources were comparable. Of the 25 reef fish species assessed, 16 were below 30% spawning
potential ratio (SPR), six were above 30% SPR, and three could not be reliably determined owing to low
sample sizes. These findings indicate that a majority of snapper-grouper species in Puerto Rico are currently
fished at unsustainable levels.

Ault, J. S., Smith, S. G., & Bohnsack, J. A. (2005). Evaluation of average length as an estimator of exploitation status for the Florida Coral reef fish community. Journal of Marine Science, 62, 417-423.
Auster, P. J. 2007. Linking deep-water corals and fish populations. Bulletin of Marine Science 81(Supplement 1): 93-99. 


The role of emergent fauna as physical habitat used by fish populations has been examined for a number of fish species in deep-water environments. Deep-water corals have been a central focus of such work during the past decade due to their sensitivity to human disturbance, slow recovery rates, and limited distribution. Some authors have suggested corals are important for mediating population processes of fishes while others have demonstrated minimal associations of fishes with corals. Further, the co-occurrence of fishes with corals does not necessarily mean there is a functional link to population processes. Expanded observational studies that include corals as well as non-coral features as shelter, sources of benthic prey, and sites with accelerated flows to enhance zooplankton prey delivery, are required to better understand the role that deepwater corals play in mediating the distribution and abundance of fishes. 

Avise, J. C. & Shapiro, D. Y. (1986). Evaluation kinship of newly settled juveniles within social groups of the coral reef fish {IAnthias squamipinnis} Evolution, 40, 1051-1059. 
Aziz, A. Kamal, M., Zamani, N, & Subhan, B.Coral settlements on concrete artificial reefs in Pramuska Island waters, Kepulauan Seribu, Jakarta and management option. Journal of Indonesia Coral Reefs 1(1) 55-64.
Bacaltos, D., et al. (2012).  MPA Evaluation and Habitat Characterization for Vulnerability Assessment in Davao, Philippines. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 
Sta. Cruz in Davao del Sur was assessed to attain sound management interventions as well as climate change mitigating and adaptation measures in terms of its exposure to stressors, its sensitivity given the existing seagrass ecosystem in the area, and adaptive capacity with its locally-managed MPA. It is one of the sites of the national program on Resilient Seas under the project Invertebrate Fisheries Population as Response Indicators for Climate Change. Based on the recent monitoring and evaluation conducted by ECOGOV, the marine protected area (MPA) in the study site is still on Level 1 which implies that the management strategy is just being established, with the preliminary requirements (e.g. municipal ordinance, management body, Information, Education, Communication (IEC) budget allocation, etc) being complied. With the gross habitat characterization conducted, the study site was found out to be mostly occupied by seagrass with Enhalus acoroides as the dominant species. Mean percent cover did not vary much from among the inside of the marine sanctuary (34 to 52%), within the buffer zone (25-51%), and in the open access (38-48%). Likewise, values for the mean density show slight variation which range between 71 to 152 shoots/m2 for the three zones surveyed. The substrate type in the study station is sandy with presence of coral rubbles in some transects. Some invertebrates, such as sea cucumber and sea star, were also observed.
Bak, R.P.M., Engel, M.S., (1979). Distribution, abundance and survival of juvenile hermatypic corals (Scleractinia) and the importance of life history strategies in the parent community. Marine Biology 54: 341-352.
Baggett, L. S. & Bright, T. J. (1985). Coral recruitment at the East Flower Garden Reef (Northwest Gulf of Mexico). Proceedings of the International Coral Reef Symposium, 5th, 379-384. 
Baillon, S. et al. (2012) Deep cold-water corals as nurseries for fish larvae.  Frontiers in Ecology

and the Environment.10, 351-356.
As a consequence of the decline of numerous commercial fish populations, an ecosystem-based approach to

fisheries management, which includes the protection of essential fish habitat (EFH), has emerged. Cold-water coral (CWC) sites are recognized as biodiversity hotspots, but numerous examples of CWC destruction and degradation as a result of anthropogenic activities are well documented. However, although functional connections between CWCs and fish stocks are suspected, based on correlative evidence, proof of any close or direct relationship identifying CWCs as EFH is still lacking. Here, we provide evidence of the utilization of CWCs by fish larvae, mainly those of redfish (Sebastes spp). In multiyear surveys, fish larvae were consistently found closely associated with five species of sea pen (Octocorallia: Pennatulacea) in April and May. Prevalence and/or yields of fish larvae varied with coral host species, depth, location, and colony size. Evidence of the role of CWCs in the early life history of some fish species provides the strongest argument yet for the categorization of CWCs as EFH in the design of management programs.

Baird, A. H. R. C. B. a. C. P. M. (2003). Habitat selection by larvae influences the depth distribution of six common coral species. Marine Ecology Progressive Series, 252. ,mkm
Bak, R. (1975). Ecological aspects of distribution of reef corals in the Netherlands Antilles. Bijdragen tot de Dierkunde, 45, 181-190. 
Baker, A. C. (1995). Solar UV-A inhibition of planula larvae in the reef-building coral Pocillopora damicornis (Rep. No. UNIHI-SEA GRANT CR-95-03). Miami, FL: Rosentiel School of Marine Science.

 Newly released planulae form adult colonies of the scleractinian coral Pocillopora damicornis were subjected for 2 weeks to one of 3 UV treatments using solar filters.

Baker, A. C. (2002). Reply – Communications Arising - Ecology: Is coral bleaching really adaptive? Nature, 415. 
Baker, A.C. , Glynn, P.W., Riegl, B.  (2008) Climate change and coral reef bleaching: An ecological assessment of long-term impacts, recovery trends and future outlookEstuarine, Coastal and Shelf Science, 80.  435–471.

Since the early 1980s, episodes of coral reef bleaching and mortality, due primarily to climate-induced

ocean warming, have occurred almost annually in one or more of the world’s tropical or subtropical seas.

Bleaching is episodic, with the most severe events typically accompanying coupled ocean–atmosphere

phenomena, such as the El Nin˜o-Southern Oscillation (ENSO), which result in sustained regional

elevations of ocean temperature. Using this extended dataset (25þ years), we review the short- and longterm

ecological impacts of coral bleaching on reef ecosystems, and quantitatively synthesize recovery

data worldwide. Bleaching episodes have resulted in catastrophic loss of coral cover in some locations,

and have changed coral community structure in many others, with a potentially critical influence on the

maintenance of biodiversity in the marine tropics. Bleaching has also set the stage for other declines in

reef health, such as increases in coral diseases, the breakdown of reef framework by bioeroders, and the

loss of critical habitat for associated reef fishes and other biota. Secondary ecological effects, such as the

concentration of predators on remnant surviving coral populations, have also accelerated the pace of

decline in some areas. 

Bakus, G. J. (10-15-1964). The Effects of Fish-Grazing on Invertebrate Evolution in Shallow Tropical Waters. Hancock, Alan. [27], 1-29. Los Angeles, CA, USC Press. 
Ref Type: Serial (Book, Monograph) 


 A study showing grazing by reef fishes accounts for a scarcity of intertidal algae.

Bakus, G. J. (1972). Effects of the feeding habits of coral reef fishes on the benthic biota. Symposium on Corals and Coral Reefs, 445-448. 
Barker, N. H. L. & Roberts, C. M. (2004). Scuba diver behavior and the management of diving impacts on coral reefs. Biological Conservation, 120. Ref ID: 7667

Barnes, D. J. (1979). Growth in Colonial Scleratinians. Bulletin of Marine Science, 23, 280-298.

Environmental factors that may affect Colonial Scleratinians asexual division, growth, and morphology are discussed.

Barnette, M. C. (2006). Observations of the deep-water coral Oculina varicosa in the Gulf of Mexico NOAA.

In recent years, numerous discoveries of deep-water coral communities have altered the classical view of coral species only occurring in warm, shallow, clear tropical waters. Deepwater corals have been documented in depths exceeding 1,000 m, where temperatures hover between 4-8 Â°C and ambient light is totally absent. In contrast to shallow-water coral reefs built by hermatypic species possessing zooxanthellae, deep-water species are generally ahermatypic and lack zooxanthellae. However, deep-water coral species establish lush communities, and in some cases construct massive contiguous colonies similar in appearance and function to shallow-water coral reefs. Oculina varicosa Lesueur, a branching scleractinian coral, occurs in shallow water to depths of over 100 m, extending from the West Indies northward to North Carolina and Bermuda (Reed et al., 1982). However, in a discrete area along the central eastern Florida coast, it forms massive colonies on high-relief pinnacles in 70-100 m of water (Reed, 1980). To date, O. varicosa has not been observed in any abundance in the Gulf of Mexico, and dense deep-water O. varicosa populations have only been documented on the shelf edge off eastern Florida (Koenig, 2001; Reed, 2002; Brooke and Young, 2005). This report describes the size, structure, and distribution of O. varicosa colonies observed at one site in the Gulf of Mexico south of Cape San Blas, Florida.
Baskett, M. L., Nisbet, R. M., Kappel, C. V., & et al (2010). Conservation management approaches to protecting the capacity for corals to respond to climate change: a theoretical comparison. Global Change Biology, 16, 1229-1246. 

Multiple anthropogenic impacts, including bleaching from climate change-related thermal stress, threaten coral reefs. Protecting coral capacity to respond to the increase in future thermal stress expected with climate change can involve (1) protecting coral reefs with characteristics indicative of greater resistance and resilience to climate change, and (2)
reducing other anthropogenic impacts that are more likely to reduce coral resistance and resilience to climate change. Here, we quantitatively compare possible priorities and existing recommendations for protecting coral response capacity to climate change. Specifically, we explore the relative importance of the relevant dynamics, processes, and parameters in a sizestructured model of coral and zooxanthellae ecological and evolutionary dynamics given
projected future thermal stress. Model results with varying initial conditions indicate that protecting diverse coral communities is critical, and protecting communities with higher abundances of more thermally tolerant coral species and symbiont types secondary, to the long-term maintenance of coral cover. A sensitivity analysis of the coral population size in each size class and the total coral cover with respect to all parameter values suggests greater
relative importance of reducing additional anthropogenic impacts that affect coral–macroalgal competition, early coral life history stages, and coral survivorship (compared with reproduction, growth, and shrinkage). Finally, model results with temperature trajectories from different locations, with and without connectivity, indicate that protection of, and connectivity to, low-thermal-stress locations may enhance the capacity for corals to respond to climate change.

Bay, L. K. & McCormick, M. I. (2001). Habitat selection and agression as determinants of spatial segregation among damselfish on a coral reef. Coral Reefs, 20, 289-298.

 Adults of many closely related coral reef fish species are segregated along gradients of depth or habitat structure. Both habitat selection by new settlers and subsequent competitive interactions can potentially produce such patterns, but their relative importance is unclear. This study examines the potential roles of habitat selection and aggression in determining the spatial distribution of adults and juveniles of four highly aggressive damselfishes at Lizard Island, northern Great Barrier Reef. Dischistodus perspicillatus, D. prosopotaenia, D. melanotus, and D. pseudochrysopoecilus maintain almost non-overlapping distributions across reef zones, with adults of one species dominating each reef zone. Juveniles exhibit slightly broader distributional patterns suggesting that subsequent interactions reduce overlap among species. Although habitat choice experiments in aquaria suggest that associations between juveniles and substrata types in the field are partly due to habitat selection, large overlaps in the use of substrata by the different species were also found, suggesting that substratum selection alone is insufficient in explaining the discrete spatial distributions of adults. The strength of aggressive interactions among all four species was tested by a bottle experiment, in which an adult or juvenile of each species was placed in the territories of adult fish on the reef. The greatest levels of interspecific aggression were directed against adults and juveniles of neighboring species. The highest levels of aggression were associated with species exhibiting the greatest levels of overlap in resource use. Evidently both habitat selection and interspecific aggression combine to determine the adult distributions of these species.

Bean, K., Jones, G. P., & M.J.Caley (2002). Relationships among distribution, abundance and microhabitat specialization in a guild of coral reef triggerfish (family Balistidae). Marine Ecology Progress Series, 233, 263-272. 

 The  potential relationship between ecology versatility and local distribution and abundance for 5 species of triggerfish was examined at Kimbe bay, Papua New Guinea.  The abundances of juvenile and adult Balistapus undulatus,  Melichthys vidua, Rhinecanthus verrucosus, Sufflamen bursa and S. chrysopterus were quantified in a range of habitats along a typical coral reef profile.

Becker, E. L. & et al (2009).  Importance of seep primary production to Lophelia pertusa and associated fauna in the Gulf of Mexico.   Deep Sea Research Part I, Oceanographic Research Papers, 56, 786-800.

To investigate the importance of seep primary production to the nutrition of Lophelia pertusa and associated communities and examine local trophic interactions, we analyzed stable carbon, nitrogen, and sulfur compositions in seven quantitative L. pertusa community collections. A significant seep signature was only detected in one of the 35 species tested (Provanna sculpta, a common seep gastropod) despite the presence of seep fauna at the three sample sites. A potential predator of L pertusa was identified (Coralliophila sp.), and a variety of other trophic interactions among the fauna occupying the coral framework were suggested by the data, including the galatheid crab Munidopsis sp. 2 feeding upon hydroids and the polychaete Eunice sp. feeding upon the sabellid polychaete Euratella sp. Stable carbon abundances were also determined for different sections of L pertusa skeleton representing different stages in the growth and life of the aggregation. There was no temporal trend detected in the skeleton isotope values, suggesting that L. pertusa settles in these areas only after seepage has largely subsided. Isotope values of individual taxa. that were collected from both L. pertusa and vestimentiferan habitats showed decreasing reliance upon seep primary production with average age of the vestimentiferan aggregation, and finally, no seep signature was detected in the coral collections. Together our data suggest that it is the presence of authigenic carbonate substrata, a product of past seep microbial activity, as well as hydrodynamic processes that drive L. pertusa occurrence at seep sites in the Gulf of Mexico, not nutritional dependence upon primary production by seep microbes.

Becker, E. L., Cordes, E. E., Macko, S. A., & Fisher, C. R. (2009). Importance of seep primary production to Lophelia pertusa and associated fauna in the Gulf of Mexico. Deep Sea Research Part I: Oceanographic Research Papers, 56, 786-800.

To investigate the importance of seep primary production to the nutrition of Lophelia pertusa and associated communities and examine local trophic interactions, we analyzed stable carbon, nitrogen, and sulfur compositions in seven quantitative L. pertusa community collections. A significant seep signature was only detected in one of the 35 species tested (Provanna sculpta, a common seep gastropod) despite the presence of seep fauna at the three sample sites. A potential predator of L. pertusa was identified (Coralliophila sp.), and a variety of other trophic interactions among the fauna occupying the coral framework were suggested by the data, including the galatheid crab Munidopsis sp. 2 feeding upon hydroids and the polychaete Eunice sp. feeding upon the sabellid polychaete Euratella sp. Stable carbon abundances were also determined for different sections of L. pertusa skeleton representing different stages in the growth and life of the aggregation. There was no temporal trend detected in the skeleton isotope values, suggesting that L. pertusa settles in these areas only after seepage has largely subsided. Isotope values of individual taxa that were collected from both L. pertusa and vestimentiferan habitats showed decreasing reliance upon seep primary production with average age of the vestimentiferan aggregation, and finally, no seep signature was detected in the coral collections. Together our data suggest that it is the presence of authigenic carbonate substrata, a product of past seep microbial activity, as well as hydrodynamic processes that drive L. pertusa occurrence at seep sites in the Gulf of Mexico, not nutritional dependence upon primary production by seep microbes.
Ben-Tzvi, O., Loya, Y., & Abelson, A. (2004). Deterioration Index (DI): a suggested criterion for assessing the health of coral communities. Marine Pollution Bulletin, 48. 
Bergenius, M. J., Meekan, M. G., Robertson, R. D., & McCormick, M. I. (2002). Larval growth predicts the recruitment success of a coral reef fish. Oecologia, 131. 
Biello, D. (2010). How Long Will the Gulf of Mexico Oil Spill Last? Scientific American.

More than 20 years after the Exxon Valdez foundered off the coast of Alaska, puddles of oil can still be found in Prince William Sound. Nearly 25 years after a storage tank ruptured, spilling oil into the mangrove swamps and coral reefs of Bahia Las Minas in Panama, oil slicks can still be found on the water. And more than 40 years after the barge Florida grounded off Cape Cod, dumping fuel oil, the muck beneath the marsh grasses still smells like a gas station.
Birkeland, C. (1977). The importance of rate of biotic accumulation in early successional stages of benthic communities to the survival of coral recruits
931. Proceedings of the American Fisheries Society, 1, 15-21. 
Birkeland, C., Rowley, D., & Randall, R. H. (1981). Coral recruitment patterns at Guam
1140. Proceedings of the International Coral Reef Symposium, 4th, 339-344. 
Birkeland, C. (2004). Ratcheting down the coral reefs. Bioscience, 54. 

Coral reefs are continuing to deteriorate around the world, despite millions of dollars' worth of government effort per year, the commitment of more than 450 nongovernmental organizations, and a long list of successful accomplishments. Researchers and managers must become more aware of positive feedback, including the self-reinforcing ecological, technological, economic, cultural and conceptual processes that accelerate the degradation of coral reefs. Much of the research on coral reef damage has focused on its proximal causes (e.g., global warming, increased atmospheric carbon dioxide, overfishing, pollution, sedimentation, and disease) rather than its ultimate causes, the increasing human population and associated economic demands.

Bohnsack, J. A. (1979). The Ecology of Reef Fishes on Isolated Coral Heads: An Experimental Approach With  Emphasis on Island Biogeographic Theory. Doctor of Philosophy University of Miami. 

Predictions of island biogeographic theory were experimentally tested using similar reef fish communities associated with model and natural reefs.

Bohnsack, J. A. & Bannerot, S. P. (1986). A stationary visual census technique for quantitatively assessing community structure of coral reef fishes. U.S.Dept.of Commerce, NOAA Technical Report, 41, 1-15.

Bohnsack, J. A. & Bannerot, S. P. A stationary visual census technique for quantitatively assessing community structure of coral reef fishes: I. Description of the method and resulting data. 
Bohnsack, J. A. a. S. P. B. (1986). A Stationary Visual Census Technique for Quantitatively Assessing Community Structure of Coral Reef Fishes. U.S.Department of Commerce. Technical Report NMFS 41.  National Oceanic and Atmospheric Administration.  
Bonin, M. C., Almany, G. R., & Jones, G. P. (2011). Contrasting effects of habitat loss and fragmentation on coral-associated reef fishes. Ecology, 92, 1503-1512. 

Disturbance can result in the fragmentation and/or loss of suitable habitat, both of which can have important consequences for survival, species interactions, and resulting patterns of local diversity. However, effects of habitat loss and fragmentation are typically confounded during disturbance events, and previous attempts to determine their relative significance have proved ineffective. Here we experimentally manipulated live coral habitats to examine the potential independent and interactive effects of habitat loss and fragmentation on survival, abundance, and species richness of recruitment-stage, coral-associated reef fishes. Loss of 75% of live coral from experimental reefs resulted in low survival of a coral-associated damselfish and low abundance and richness of other recruits 16 weeks after habitat manipulations. In contrast, fragmentation had positive effects on damselfish survival and resulted in greater abundance and species richness of other recruits. We hypothesize that spacing of habitat through fragmentation weakens competition within and among species. Comparison of effect sizes over the course of the study period revealed that, in the first six weeks following habitat manipulations, the positive effects of fragmentation were at least four times stronger than the effects of habitat loss. This initial positive effect of fragmentation attenuated considerably after 16 weeks, whereas the negative effects of habitat loss increased in strength over time. There was little indication that the amount of habitat influenced the magnitude of the habitat fragmentation effect. 
Bortone, S.A. (2006) A Perspecti ve of Artificial Reef Research: The Past, Present, and Future

Bulletin of Marine Science, 78(1): 1–8. 
In a relatively short time, artificial reef researchers have established a rich and valuable archive of information from which to build future research programs. The personal interactions and dialog essential for the development of “good science” has been established and continues. Ongoing studies have increased in rigor and professionalism while building on ecological theory. Artificial reef research is becoming more sophisticated from a technical perspective, but needs to address the inherent problems in working in a “boundless” environment that often is impacted by human interference. With the incorporation of information from other disciplines, improvements are expected in overall approaches when attempting to answer several fundamental questions. To facilitate this improving trend, adequate funding resources will be essential. Concomitantly, study designs that incorporate largescale and long-term approaches, when coupled with multi-jurisdictional cooperation, will eventually allow a full assessment of the potential benefits artificial reefs may have toward achieving fisheries management objectives.

Bortone, S. A., et al (2000). Fish and Macroinvertebrate Evaluation Methods. In W.Seaman (Ed.), Artificial Reef Evaluation with application to natural marine habitats (pp. 128-159). Boca Raton, FL: CRC Press.

A principal reason for artificial reef deployment is to improve, increase, or at least maintain
the fishery resources in a local area. Polovina (1991: 164) depicted how artificial reefs theoretically
affect fisheries. Figure 5.1 illustrates how artificial reefs may impact fisheries resources through
the added surface area they provide for the attachment of grazers and filter feeders, as a basis for
transfer of energy derived from the water column to reef-associated fish and macroinvertebrate
predators. Thus, evaluation of a reef's effect on fisheries resources can be based on the biological
attributes of those resources, such as their abundance, size, and biomass as well as species richness
and relative species diversity. Assessment methods for artificial reef fishes and macro invertebrates have been examined in publications by Bortone and Bohnsack (1991); Bortone and Kimmel (1991); and Seaman et a1. (1992). To date, most assessment methods have been developed and modified from studies on
natural tropical coral reefs (e.g., Sale 1991a), temperate rocky reefs (e.g., Kingsford and Battershill
1998), or other irregular nearshore biotopes. Thus, many of the methods, protocols, and studies
cited herein are from the nonartificial reef literature. However, many of the attributes (e.g., spatial
heterogeneity, and species diversity) of natural reefs have features directly related to difficulties
and problems associated with sampling faunas associated with artificial reefs.

Bortone, S. A., et al (2011). The Role of Artificial Reefs in Fisheries Management. Boca Raton, FL: CRC Press. 
Boyer, J. & R.Jones (2002). A view from the bridge:  External and internal forces affecting the ambient water quality of the Florida Keys National Marine Sanctuary . In K.G.Porter & Porter J.W. (Eds.), The Everglades, Florida Bay, and coral reefs of the Florida Keys:  An ecosystem source book (pp. 602-628). Boca Raton: CRC Press.
Brawley, S. H. & Adey, W. H. (1982). Coralliophila abbreviata: A Significant Corallivore. Bulletin of Marine Science, 32, 595-599. 
The extent of Coralliophila predation on corals appears to be limited on some reefs by fish predation, but these mollusks are significant corallivores when predation pressure is low.

Breeze, H. and D. G. Fenton. 2007. Designing management measures to protect cold-water corals off Nova Scotia, Canada. Bulletin of Marine Science 81(Supplement 1): 123-133. 
In 2002, Department of Fisheries and Oceans (DFO) implemented its first fisheries closure to protect cold-water corals. The Northeast Channel Coral Conservation Area, southwest of Nova Scotia, was put in place to protect concentrations of gorgonian corals. Since then, DFO has established the Gully Marine Protected Area, which includes cold-water coral habitats, and implemented another fisheries closure (the Lophelia Coral Conservation Area) to protect a small, damaged Lophelia pertusa (Linnaeus, 1758) reef complex. The design criteria and the management measures used in each area were different and the activities that are permitted vary. These differences reflect the circumstances particular to each area, as well as evolving knowledge of protecting coral habitats. The lessons learned in establishing the marine protected area and coral conservation areas have been applied to the development of a coral conservation plan for the region. Experience to date suggests that protecting cold-water coral areas may require a variety of approaches, even within a single jurisdiction.

Bright, T.J., et al (1984). Coral reef paper hermatypes of the flower garden banks, northwestern Gulf of Mexico: a comparison to other western Atlantic reefs. Bulletin of Marine Science, 34(3): 461-476.

The East and West Flower Garden Banks, at the continental shelf edge 103 nautical miles

southeast of Galveston, Texas, exist in clear, oceanic water with annual temperature variations

from 18 to 32°C. Submerged tropical coral reefs dominated by Mantastrea annularis and harboring 15 additional hermatypic coral species and 10 genera of red calcareous algae occupy the bank tops between 15 and 36 m. Deeper coral reefs composed of 12 hermatypic coral species and abundant coralline algae occur between 36 and 52 m. The banks are dominated overwhelmingly by crustose coralline algae between 50 and 85 m. Eighty-five percent of the substratum on the shallowest reefs is hard, the rest is coarse carbonate sand or coral gravel. Live coral cover on the hard substratum exceeds 50%, with Man/as/rea annularis covering approximately 30%.
Brock, R. E. & Brock, J. H. (1977). A method for quantitatively assessing the infaunal community in coral rock. Limnol.and Oceanogr., 22. 
Brock, R.E. (1979). An experimental study on the effects of grazing by parrotfishes and the role of refuges in benthic community structure. Mar. Biol. 51: 381–388.
Brock, R. E. (1982). A critique of the visual census method for assessing coral reef fish populations
4100. Bulletin of Marine Science, 32, 268-276. 
Brooke, S. and R. Stone. 2007. Reproduction of deep-water hydrocorals (family Stylasteridae) from the Aleutian Islands, Alaska. Bulletin of Marine Science 81(3): 519-532.
Previous studies in the Aleutian Islands have found dense coral "gardens" dominated by hydrocorals, gorgonians, and sponges between 117 and 338 m depth. These structurally complex habitats supported a high taxonomic diversity of corals and associated fauna, but disturbance from fishing activities was observed at many of the sites. In 2003 and 2004, the submersible Delta was used to collect samples of 11 different species of hydrocorals from deep-water sites along the Aleutian Island Archipelago. Samples of three species were also collected from shallow water (< 27 m) in 2003 using SCUBA. All samples were processed according to standard histological techniques and used to describe the reproductive traits of each species. All species studied were gonochoristic brooders with the majority of gonophores containing mature embryos or planulae. The developmental stage of gametes within a single specimen was not highly synchronized; females contained eggs as well as planulae, and males exhibited a range of gamete development. These reproductive traits indicate that hydrocorals have limited potential to recolonize disturbed areas in the Aleutian Islands.

Brooke, S. & Schroeder, W. W. (2007). State of Deep Coral Ecosystems in the Gulf of Mexico Region Texas to the Florida Straits Marine Science Program, University of Alabama.
Brooks, R. A., Dennis, G. D., & K.J. (2001). A comparison of epifaunal communities on deep-water reefs in the northeast Gulf of Mexico.  
Bruckner , A.W.(2012). Factors contributing to the regional decline of
Montastraea annularis (complex) Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 
Over the last 15 years the massive framework coral, Montastraea annularis (complex) has

experienced a rapid decline in abundance, size and condition, and on many reefs in the western Atlantic these

species are no longer the dominant corals. Surveys conducted in Puerto Rico, the Cayman Islands, Bonaire, St.

Kitts and Nevis, and the Bahamas show a similar die-off and replacement by other corals, aggressive

invertebrates and macroalgae, although the timing of these events is variable. Widespread colony mortality has

been triggered by mass bleaching events, with coral diseases emerging after corals began to recover from

bleaching. Outbreaks of yellow band disease and white plague remain the primary threat affecting these species,

although other diseases, fish predation, competition with algae, and overgrowth and bioerosion by sponges are

contributing to further losses. M. annularis (complex) colonies have sustained the higher levels of partial and

whole colony mortality than all other species. Agaricia spp., Porites spp. and other brooding species, as well as

certain broadcast spawners, exhibit successful recruitment and colonization of reef substrates and exposed

skeletal surfaces of M. annularis. In contrast, few recruits of M. annularis have been documented and formerly

large colonies that have survived now consist of small tissue isolates that continue to shrink in size. While

much attention has focused on the decline of Caribbean acroporids, the loss of M. annularis (complex) has more significant implications as these are much longer lived, slower growing and less able to recolonize a reef.
Bruckner, A.W.  & Renaud, P. (2012).  Applying habitat maps and biodiversity assessments to coral reef management. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13.
The Khaled bin Sultan Living Oceans Foundation is conducting a five year Global Reef Expedition

(GRE) to map, characterize and assess coral reefs and develop tools and information to assist local managers in

their conservation and management activities. Measurements of coral demographics, mortality and recruitment

are combined with assessments of benthic cover types, biomass of algal functional groups, population structure

of commercially-valuable and ecologically-relevant reef fishes, and environmental resilience indicators using a

standardized, rapid, quantitative survey protocol. Concurrent groundtruthing is used to define the bathymetry,

identify habitat classes and their spatial distribution and extent, characterize dominant species assemblages,

substrate types, and underlying geomorphology, and create high resolution habitat maps. The assessments

provide information on 1) the status of coral reefs and species that create and help maintain the health of the

reefs and associated habitats; 2) local and regional threats, causes, impacts, and potential mitigation strategies;

and 3) patterns of recovery from past disturbances. Coral reef data are compiled into a Geographic Information

System (GIS) database with satellite imagery, habitat maps, and other physical and oceanographic GIS data

layers, resulting in a landscape-scale tool useful for marine spatial planning. Following completion of the Red

Sea, Caribbean and Eastern Pacific (June 2012), the GRE will focus on the Indo-Pacific, with research in the

coral triangle beginning in 2013. The potential use of this information to identify sites of high resilience forinclusion into MPA networks is presented using an example from Al Wajh Bank, Saudi Arabia.
Bruno, J.F., Selig E.R., Casey K.S., Page, C.A., Willis, B.L, et al. (2007) Thermal stress and coral cover as drivers of coral disease outbreaks. PLoS Biol 5(6)1220-1227.
Brown, B.E., Le Tissier, M.D.A. and Bythell, J.C. (1995). Solar damage in intertidal corals Marine Ecology Progress Series 105: 219-230. 

Solar irradiation has been cited as a possible cause of bleaching in corals, either actingalone or in conjunction with other environmental factors. However, evidence of a solar involvement in naturally occurring bleaching is std largely conjectural. We have recorded a particular type of naturally

occurring bleaching damage at intertidal sites at Phuket, Thailand for a number of years which has a strong directional component. Use of tidal data, sun track analysis, and solar irradiance measurements have enabled us to show that this bleaching directly corresponds to sun altitude and azimuth. Our work has shown that for the massive coral Goniastrea aspera, bleaching is induced during periods of subaerial exposure with high sun altitude and irradiance. Furthermore, on-site measurements of solar irradiance mitigate against the biologically damaging effect of shorter wavelength ultraviolet radiation (UVR) as a major causative factor. Desiccation, heating, or photochemical reactions by photosynthetically active radiation (PAR) (400 to 700 nm) remain possible candidates for further investigation.
Very little is known about how environmental changes such as increasing temperature affect disease dynamics in the ocean, especially at large spatial scales. We asked whether the frequency of warm temperature anomalies is positively related to the frequency of coral disease across 1,500 km of Australia’s Great Barrier Reef. We used a new highresolution satellite dataset of ocean temperature and 6 y of coral disease and coral cover data from annual surveys of 48 reefs to answer this question. We found a highly significant relationship between the frequencies of warm temperature anomalies and of white syndrome, an emergent disease, or potentially, a group of diseases, of Pacific reef-building corals. The effect of temperature was highly dependent on coral cover because white syndrome outbreaks followed warm years, but only on high (.50%) cover reefs, suggesting an important role of host density as a threshold for outbreaks. Our results indicate that the frequency of temperature anomalies, which is predicted to increase in most tropical oceans, can increase the susceptibility of corals to disease, leading to outbreaks where corals are abundant.

Buchheim, J.R., & Hixon, M.A. (1992). Competition for shelter holes in the coral-reef fish Acanthemblemaria spinosa Metzelaar J. Exp. Mar. Bioi. Ecol., 164, 45-54.

Spinyhead blennies occupy abandoned worm holes in coral heads on Caribbean reefs. We conducted

a series of short-duration field experiments off St. Thomas, US Virgin Islands, which indicated that such holes are a limiting resource and that larger fish competitively dominate smaller fish for access to holes. Few fish that were added to coral heads lacking vacant holes were able to secure holes, and did so only by displacing smaller residents after severe combat. However, when vacant holes were added to coral heads before adding fish, transplanted fish readily occupied the new holes. When holes were added to coral heads without also adqing fish, the new holes were colonized by immigrants from the surrounding habitat. Similarly, when resident fish were removed from coral heads, the emptied holes were colonized. Immigrants were smaller than removed residents, and, in cases where resident fish changed holes following removals of neighbors, they moved to sites previously occupied by larger fish. Fish displaced up to 5 m returned to their original holes, consistent with the possibility that spinyhead blennies may occasionally leave their holes and search for sites of better quality" We conclude that intraspecific competition for shelter holes may limit the number of spinyhead blennies occupying a coral head.

Buckley, B. A. & Szmant, A. M. (2004). RNA/DNA ratios as indicators of metabolic activity in four species of 
Caribbean reef-building corals.   
Buhl-Mortensen, L., P. Mortensen, S. Armsworthy, and D. Jackson. 2007. Field observations ofFlabellum spp. and laboratory study of the behavior and respiration of Flabellum alabastrum. Bulletin of Marine Science 81(3): 543-552. 

Video observations of the seafloor show that cup corals, Flabellum spp. are common and locally abundant on the continental slope off Nova Scotia. Flabellum alabstrum Moseley, 1876 was the most common with an average abundance, when present of 1.1 individual per square meter. Flabellum macandrewi Gray, 1849 was often encountered in clusters of up to seven individuals close enough for tentacles to interact. Occurrence of live fragments in the field may indicate fisheries impact or that fragmentation represents an asexual reproduction mode. Live specimens of F. alabastrum were collected with a remotely operated vehicle and videograb, and studied in laboratory for 21 mo. The corals were kept in a tank and aquarium with stable temperature and salinity. Observations were made on patterns of polyp expansion/contraction, movement, feeding behavior, and survival and regeneration of coral fragments. Large (0.1-1.5 cm) pieces of dead krill (Euphausiacea) were handled with a relatively rapid withdrawal of the tentacles, whereas smaller (< 1 mm) particles were transferred to the mouth by "licking" upper and lower sets of tentacles separately at a slower pace. The coral has the ability to rapidly expand the polyp volume more than ten times its normal size. This behavior may be related to food uptake, excretion/exchange of metabolites, and respiration, but may also represent a way to facilitate movement along the bottom by means of increased buoyancy and drag. Expanded individuals were also observed in the field. In aquarium, F. alabastrum was observed moving slowly (up to 3.2 cm mo-1), leaving tracks in the sediment, but the mechanism for this is not understood. Respiration of F. alabastrum was measured on selected individuals as oxygen consumption in closed chambers, and rates varied between 1.61-3.2 O2?l g-1 WWh-1 for individual corals. The turnover time was estimated to 5.5 yrs with a production of 0.09 g C m-2 yr-1 in areas with an average abundance of the coral.

Bullard, S. G. & Hay, M. E. (2002). Plankton tethering to assess spatial patterns of predation risk over a coral reef and seagrass bed. Marine Ecology-Progress Series, 225. 
Burt, J., Al Harthi, S., & Al Cibahy, A. (2011). Long-term impacts of coral bleaching events on the world's warmest reefs. Marine Environmental Research, 72, 225-229. 

The southern Arabian Gulf houses some of the most thermally tolerant corals on earth, but severe bleaching in the late 1990s caused widespread mortality. More than a decade later, corals still dominated benthos (mean: 40 ± 3% cover on 10 sites spanning >350 km; range: 11.0-65.6%), but coral communities varied spatially. Sites to the west generally had low species richness and coral cover (mean: 3.2 species per transect, 31% cover), with Porites dominated communities (88% of coral) that are distinct from more diverse and higher cover eastern sites (mean: 10.3 species per transect, 62% cover). These patterns reflect both the more extreme bleaching to the west in the late 1990s as well as the higher faviid dominated recruitment to the east in subsequent years. There has been limited recovery of the formerly dominant Acropora, which now represents <1% of the benthos, likely as a result of recruitment failure. Results indicate that severe bleaching can have substantial long-term impacts on coral communities, even in areas with corals tolerant to environmental extremes.

Cairns, S. D. 2007. Deep-water corals: an overview with special reference to diversity and distribution of deep-water scleractinian corals. Bulletin of Marine Science 81(3): 311-322. 

The polyphyletic term coral is defined as those Cnidaria having continuous or discontinuous calcium carbonate or horn-like skeletal elements. So defined, the group consists of seven taxa (Scleractinia, Antipatharia, Octocorallia, Stylasteridae, and Milleporidae, two zoanthids, and three calcified hydractiniids) constituting about
5080 species, 66% of which occur in water deeper than 50 m, i.e., deep water as defined in this paper. Although the number of newly described species of deepwater scleractinian corals appears to be increasing at an exponential rate, it is suggested that this rate will plateau in the near future. The majority of azooxanthellate
Scleractinia is solitary in form, firmly attached to a substrate, most abundant at 200-1000 m, and consist of caryophylliids. Literature helpful for the identification of deep-water Scleractinia is listed according to 16 geographic regions of the world. 
Caldow, C., Clark, R. D., K., E., Hile, S. D., Menza, C., Hickerson, E. et al. (2009). Biogeographic Characterization of Fish Communities and Associated Benthic Habitats within the Flower Garden Banks National Marine Sanctuary NOAA. 

The Flower Garden Banks National Marine Sanctuary (FGBNMS) is located in the northwestern Gulf of Mexico approximately 180 km south of Galveston, Texas. The sanctuary€™s distance from shore combined with its depth (the coral caps reach to within approximately 17 m of the surface) result in limited exposure of this coral reef ecosystem to natural and human-induced impacts compared to other coral reefs of the western Atlantic. In spite of this, the sanctuary still confronts serious impacts including hurricanes events, recent outbreaks of coral disease, an increase in the frequency of coral bleaching and the massive Diadema antillarum die-off during the mid-1980s. Anthropogenic impacts include large vessel anchoring, commercial and recreational fishing, recreational scuba diving, and oil and gas related activities. The FGBNMS was designated in 1992 to help protect against some of these impacts. Basic monitoring and research efforts have been conducted on the banks since the 1970s. Early on, these efforts focused primarily on describing the benthic communities (corals, sponges) and providing qualitative characterizations of the fish community. Subsequently, more quantitative work has been conducted; however, it has been limited in spatial scope.

Campana, S. E. & Thorrold, S. R. (2001). Otoliths, increments, and elements: keys to a comprehensive understanding of fish populations? Canadian Journal of Fisheries and Aquatic Sciences, 58. 
The chronological properties of otoliths are unparalleled in the animal world, allowing accurate estimates of age and growth at both the daily and the yearly scale. Based on the successes of calcified structures as environmental proxies in other taxa, it was logical that researchers should attempt to link otolith biochronologies with otolith chemistry. With the benefit of hindsight, this anticipation may have been naive. For instance, the concentrations of many elements are lower in the otolith than in corals, bivalves, seal teeth, or the other bony structures of fish, making them less than ideal for elemental analyses. Nevertheless, there is growing interest in the use of otolith chemistry as a natural tag of fish stocks. Such applications are directed at questions concerning fish populations rather than using the fish as a passive recorder of the ambient environment and do not rely upon any explicit relationship between environmental variables and otolith chemistry. The questions that can be addressed with otolith chemistry are not necessarily answerable with genetic studies, suggesting that genetic and otolith studies complement rather than compete with each other. Thus, we believe that otolith applications have the potential to revolutionize our understanding of the integrity of fish populations and the management of fish stocks.
Cappo , M. et al. (2012) Measuring and communicating effects of MPAs on deep “shoal” fisheries. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 18A
Counts by divers have shown a rapid rise in coral trout populations on shallow reefs of the Great

Barrier Reef Marine Park closed to fishing in 2004, but the deeper line-fishing grounds (>20m) have been

inaccessible to fish biologists until the development of baited remote underwater video stations (BRUVS™).

Here we summarise pair-wise comparisons of inter-reef “shoal grounds”, closed and open to line-fishing, in

terms of abundance and lengths of prized sportfish, bycatch and unfished species. The results of paired “fishedunfished” contrasts all depended on the context of microhabitat type, proximity to fishing ports and species

vulnerability to line-fishing. On diffuse, low-relief grounds off Townsville prized target species were actually

less abundant in zones closed to fishing. On discrete sunken banks of the Capricorn plateau closed to fishing

there were about twice as many prized species, and they were larger than conspecifics on fished banks. A

positive effect of closure to fishing around the deep bases of reefs in the Pompeys, Swains and Capricorn-

Bunkers was visible only in coral-dominated microhabitats. Reef sharks were consistently more abundant in

zones closed to fishing. These differences have been communicated with novel point-and-click, map-based

BRUVS footage and data summaries on the “e-Atlas”, using Google “Earth” and YouTube.

Carleton, J.H. & Sammarco, P.W. (1987). Effects of substratum irregularity on success of coral settlement: quantification by comparative geomorphological techniques Bulletin Of Marine Science, 40(1): 85-98.
The effects of substratum irregularity on abundance, dispersion patterns, and generic diversity

of juvenile corals (newly settled coral spat) were investigated on Britomart Reef,

central region of the Great Barrier Reef, Australia, Pieces of freshly killed plating coral

Pachyseris speciosa Dana (Coelenterata: Scleractinia), which varied naturally in their structural

complexity, were utilized as settling substrata. These pieces were placed within territories

of the damselfish Hemiglyphidodon plagiometopon Bleeker, where grazing by herbivorous

fishes is reduced, to maximize possible success of coral settlement. After 4 months, plates

were retrieved and examined for coral settlement and substratum characteristics. Coral spat

were identified and analyzed for exposure, location on the substratum, and specific angle of

settlement. Substratum was analyzed for surface area, surface irregularity, average surface

angle, and plate angle. This was done by means of a three-dimensional profile gauge developed

specifically for this purpose. Five measures derived from geomorphological studies were tested

and compared for their suitability for quantifying surface irregularity. 
Carins S.D., Jaap W.C., Lang J.C. (2009). Scleractinia (Cnidaria) of the Gulf of Mexico. In Felder DL, Camp DK (eds) Gulf of Mexico: Origin, Waters, and Biota, 1. Biodiversity (pp. 333-341). Texas: Texas A&M University Press.
Carpenter, R. C. (1983). Differential and Functional Effects of Coral Reef Herbivores on Algal Community Structure and Function. Reaka, M. L. 1[1], 113-118. Washington DC, University of MD. The Ecology of Deep and Shallow Coral Reefs. NOAA.  

Intense grazing by herbivores has been repeatedly shown to limit the standing crop of reef algae.
Carpenter, R. C. (1997). Invertebrate Predators and Grazers. In Charles Birkland (Ed.), Life and Death of Coral Reefs (pp. 198-229). New York: Chapman, and Hall. 


 A study of the invertebrate organisms which are the primary builders of reefs, the scleractinian corals.

Carricart-Ganivet, J. P. (2004). Sea surface temperature and the growth of the West Atlantic reef-building coral Montastraea annularis. Journal of Experimental Marine Biology and Ecology, 302. 
Carrigan, A.D. & Puotinen, M.L., (2011). Assessing the potential for tropical cyclone induced sea surface cooling to reduce thermal stress on the world’s coral reefs Geophysical Research Letters, 38, 1-5. 

Coral reefs face an uncertain future as rising sea surface temperature (SST) continues to lead to increasingly frequent and intense mass bleaching. At broad spatial scales, tropical cyclone (TC) induced cooling of the upper ocean (SST drops up to 6° C persisting for weeks) reduces thermal stress and accelerates recovery of bleached corals - yet the global prevalence and spatial distribution of this effect remains undocumented and unquantified. A global dataset (1985–2009) of TC wind exposure was constructed and examined against existing thermal stress data to address this. Significant correlations were found between TC activity and the severity of thermal stress at various spatial scales, particularly for Caribbean reefs. From this, it is apparent that TCs play a role in bleaching dynamics at a global scale. However, the prevalence and distribution of this interaction varies by region and requires further examination at finer spatial and temporal scales using actual SST data. 
Chadwick-Furman, N,E. (1996). Reef coral diversity and global change Global Change Biology. 2, 559-568.
Regional anthropogenic processes such as pollution, dredging, and overfishing on coral reefs currently threaten the biodiversity of stony corals and other reef-associated  organisms. Global climate change may interact with anthropogenic processes to create additional impacts on coral diversity in the near future. In order to predict these changes, it is necessary to understand the magnitude and causes of variation in scleractinian coral diversity throughout their 240 million year history. The fossil record documents long periods of speciation in corals, interrupted repeatedly by events of mass extinction. Some of these events relate clearly to changes in global climate. Diversity in reef corals

has increased since their last period of extinction at the end of the Cretaceous (65 My BP), and is still rising. During the last 8 million years, the fragmentation of the once pantropical Tethys Sea separated corals into two major biogeographical provinces. Periods of glaciations also have caused major changes in sea level and temperature. Accumulated evidence supports the theory that relative habitat area and changing patterns of oceanic circulation are mainly responsible for the two observed centres of recent coral diversity at the western tropical

margins of the Atlantic and Pacific oceans. At predicted rates of climate change in the near future, coral reefs are likely to survive as an ecosystem. Increases in sea level may actually benefit corals and lead to regional increases in diversity if new habitat area on back reefs is opened to increased water circulation and thus coral dispersal. Rising temperature may cause higher rates of coral mortality and even local extinction in isolated, small populations such

as those on oceanic islands. The effects of increases in ultraviolet radiation (UV) are largely unknown, but likely to be negative. UV may damage planktonlc coral propagules in oceanic surface waters and thus decrease rates of gene flow between coral populations. This may result in increased local extinctions, again with the strongest impact on widely separated reefs with small coral populations. The largest threats to coral diversity are regional anthropogenic impacts, which may interact with global climate change to exacerbate rates of local species extinctions. Centres of high reef coral diversity coincide with human population centres in south-east Asia and the Caribbean, and thus the greatest potential for species loss lies in these geographical areas.

Chater, S. A., Beckley, L. E., van der Elst, R. P., & Garratt, P. A. Visual census of fishes on high latitude coral reefs in South Africa 
Chavez, E. A., Hidalgo, E., & Izaguirre, M. A. (1985). A Comparative Analysis of Yucatan Coral Reefs in Tahiti. 
Chávez, E.A. &Chávez-Hidalgo,A. Pathways of connectivity amongst Western Caribbean spiny lobster stocks. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 14A
The long larval period of spiny lobster may be a factor influencing the connectivity of stocks, where

larvae may drift with the currents. We hypothetized that some evidence of this could be found by examining the

age structure of the stocks exploited in the west Caribbean countries where main sea current pathways move

from south to north. Age structure of stocks from ten countries exploiting spiny lobster was used to test

connectivity links. Fifteen years of catch data were obtained from the FAO statistical records and were

transformed into numbers per age class throughout these years by using population parameter values and

simulation. We analyzed the correlation between total adults in a country and age I juveniles one year after in

another, comparing data from pairs of countries. We found low but significant correlations in most cases.

Higher values of R2 = 0.7 to 0.8 were found in the Dominican Republic as a source and Florida and Mexico as

destinations, and between Haiti as a source for Cuba. Source-destination correlations at the level of R2 = 0.8 to

0.9 were found between Mexico with Cuba; Florida with Mexico, Belize with Mexico, Florida and Honduras;

Haiti with Honduras, Belize, Mexico, Florida, and Dominican Republic; Colombia with Honduras, Belize,

Mexico and Cuba; the Bahamas with Cuba; and Nicaragua with Colombia, Belize, Mexico, Cuba, and Haiti. A

strong correlation (R2 > 0.9) was found between Honduras with Mexico and Cuba; Belize with Cuba; Nicaragua

with Honduras; and in the Bahamas with Haiti, Honduras, Belize, Mexico, and Colombia. Our results provide

evidence on the most likely patterns of connectivity amongst spiny lobster populations of the westernCaribbean, reinforcing the recommendation that these fisheries should be managed by an international entity.

Chiappone, M. &  Sullivan, K.M. (1996). Distribution, abundance and species composition of juvenile scleractinian corals in the Florida reef tract. Bulletin Of Marine Science. 58(2): 555-569.
The density of juvenile scleratinian corals was quantified in shallow-water (4-18 m) sites

representing three common reef types of the Florida Reef Tract: high-relief spur and groove.

relict reef flat, and relict spur and groove. Reef types were chosen to encompass differences

in depth, physical relief, and coral abundance. The purpose of this study was to I) determine

the density of juveniles in relation to non-juvenile corals and depth; and 2) evaluate correlations

between juveniles and non-juvenile density in relation to larval dispersal strategies.

Juvenile corals were identified and enumerated in random l-m2 quadrat surveys and compared

to density and cover of non-juveniles. Juveniles of 16 species were identified among the

study sites. The number of species observed as juveniles was significantly greater in deeper

(> 10 m), relict spur and groove sites. Juvenile density differed significantly among sites and

reef types, ranging from 1.18 to 3.74 colonies m-2• Juvenile density was greatest in relict

spur and groove sites and was weakly correlated (r = 0.581) with depth. Juveniles comprised

from 20.6 to 51.5% of the total coral assemblage in study sites. The majority of juveniles in

high-relief spur and groove and relict reef flat communities were Agaricia agaricites, Porites

astreoides, and P. porites. The majority of juveniles in relict spur and groove sites were P.

astreoides, P. porites, and Mofllastraea cavemosa. Non-juvenile density and cover were

significantly different among the study sites. Non-juvenile density (r = 0.577) was weakly

correlated with depth. Coral cover ranged from 0.4 to 13 percent throughout the study area

and was greatest in high-relief spur and groove communities. Life history strategies of juveniles

in high-relief spur and groove and relict reef flat communities were generally characterized

by species that brood larvae and attain a small colony size. Juveniles of three

dominant brooding species (A. agaricites, P. astreoides, and P. porites) were significantly

correlated to parental abundance across sites, suggesting that either self-seeding may occur

for some species or that some recruits have been able to grow and survive. Density of juvenile

A. agaricites was inversely related to depth (r = -0.326). Juveniles of three broadcasting

species (M. annularis. M. cavernosa, Siderastrea siderea) were significantly correlated to

parental abundance and increased in abundance with depth (r > 0.450). In contrast to some

previous studies of juvenile coral assemblages in Caribbean reefs, the results suggest that

parental abundance and composition may be a direct function of juvenile abundance in reef
communities of the Florida Keys.
Chiappone, M., Sullivan, K. M., & Lott, C. (1996). Hermatypic Scleractinian Corals of the Southeastern 
Bahamas: A Comparison to Western Atlantic Reef Systems. Caribbean Journal of Science, 32. 

Chittaro, P. M. (2002). Species-area relationships for coral reef fish assemblages of St. Croix, US Virgin Islands. Marine Ecology-Progress Series, 233. 
Chittaro, P. M., Usseglio, P., & Sale, P. F. (2005). Variation in fish density, assemblage composition and relative rates of predation among mangrove, seagrass and coral reef habitats. Environmental Biology of Fishes, 72. 

The authors tested the hypothesis for several Caribbean reef fish species that there is no difference in nursery function among mangrove, seagrass and shallow reef habitat as measured by: (a) patterns of juvenile and adult density, (b) assemblage composition, and (c) relative predation rates. Results indicated that although some mangrove and seagrass sites showed characteristics of nursery habitats, this pattern was weak. While almost half of our mangrove and seagrass sites appeared to hold higher proportions of juvenile fish (all species pooled) than did reef sites, this pattern was significant in only two cases. In addition, only four of the six most abundant and commercially important species (Haemulon flavolineatum, Haemulon sciurus, Lutjanus apodus, Lutjanus mahogoni, Scarus iserti, and Sparisoma aurofrenatum) showed patterns of higher proportions of juvenile fish in mangrove and/or seagrass habitat(s) relative to coral reefs, and were limited to four of nine sites. Faunal similarity between reef and either mangrove or seagrass habitats was low, suggesting little, if any exchange between them. Finally, although relative risk of predation was lower in mangrove/seagrass than in reef habitats, variance in rates was substantial suggesting that not all mangrove/seagrass habitats function equivalently. Specifically, relative risk varied between morning and afternoon, and between sites of similar habitat, yet varied little, in some cases, between habitats (mangrove/seagrass vs. coral reefs). Consequently, these results caution against generalizations that all mangrove and seagrass habitats have nursery function.

Chittaro, P. M., Usseglio, P., Fryer, B. J., & Sale, P. F. (2006). Spatial variation in otolith chemistry of Lutjanus apodus at Turneffe Atoll, Belize. Estuarine, Coastal and Shelf Science, 67, 673-680. 
Lutjanus apodus (Schoolmaster) were collected from several mangroves and coral reefs at Turneffe Atoll, Belize, in order to investigate whether elemental concentrations from the otolith edge could be used as a means to identify the habitat (mangrove or coral reef) and site (9 mangrove sites and 6 reef sites) from which they were collected. Results of a two factor nested MANOVA (sites nested within habitat) indicated significant differences in elemental concentrations between habitats (i.e., mangrove versus reef) as well as among sites. When separate Linear Discriminant Function Analyses (LDFA) were used to assess whether the spatial variability in otolith chemistry was sufficient to differentiate individuals to their respective habitats or sites, the results indicated that fish were classified (jackknife procedure) with a moderate to poor degree of accuracy (i.e., on average, 67% and 40% of the individuals were correctly classified to the habitat and site from which they were collected, respectively). Using a partial Mantel test we did not find a significant correlation between the differences in otolith elemental concentrations between sites and the distance between sites, while controlling the effect of habitat type (mangrove or reef). This suggests that for mangrove and reef sites at Turneffe Atoll, Belize, the overlap in terms of L. apodus otolith elemental concentrations is too high for investigations of fish movement. Finally, by comparing previously published Haemulon flavolineatum otolith chemistry to that of L. apodus we assessed whether these species showed similar habitat and/or site specific patterns in their otolith chemistry. Although both species were collected from the same sites our results indicated little similarity in their elemental concentrations, thus suggesting that habitat and site elemental signatures are species specific.
Choat, H., Clements, D., & Robbins, D. (2002). The trophic status of herbivorous fishes on coral reefs. Marine Biology, 140. 
Chua, C., et al. (2012). Effects of ocean acidification on metamorphosis: brooding and spawning larvae. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 8D
The effects of ocean acidification on metamorphosis were tested using the larvae of a spawning coral,

Goniastrea retiformis and a brooding coral Leptastrea cf transversa in Guam. Four treatment levels of pCO2

were used, corresponding to current levels of atmospheric CO2 (approximately 380) and three values projected

to occur later this century 600, 750 and 1000 ppm). Metamorphosis was not consistently affected by pCO2 in

either species. These results suggest that the mode of reproduction does not affect the larval response to pCO2

and furthermore, there will be no direct effects of ocean acidification on settlement rates of reef corals, at least in the near future.
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      Cinner, J.E., et al. (2009). Gear-based fisheries management as a potentialadaptive response to climate change and   

      coral mortality. Journal of Applied Ecology.
    Climate change is emerging as one of the greatest threats to coral reef ecosystems. Climate-induced

    warming events trigger coral bleaching and mortality, which can indirectly affect coral reef fishes.

    Managing fisheries across coral mortality events is expected to influence the persistence of species

    and reef recovery potential. The most common management recommendation has been to prohibit

    fishing using fisheries closures, but this response often has limited support from resource users.

    Here, we explore an alternative of managing fishing gear commonly used in artisanal coral reef

    fisheries. We examined fisheries landing data from 15 sites in Papua New Guinea and Kenya to

    explore whether or how specific gears select for: (i) species that depend on coral reefs for feeding or

    habitat and are likely to be susceptible to the loss of coral, and (ii) different functional groups of

    fishes. Only 6% of the fishes targeted by fishers were susceptible to the immediate effects of coral

    mortality; however, loss of habitat structure following coral mortality is expected to affect 56% of

    targeted species. Importantly, 25% of target species had feeding characteristics (i.e. reef scrapers/excavators and

    grazers) that contribute to the recovery of coral reef ecosystems, and gears differed considerably in

    catches of these species. Spear guns and traps target a high proportion of species likely to be affected by bleaching and    

    key for the recovery of corals. These gears are strong candidates for management restrictions in reefs

    with high coral mortality. In contrast, line fishing catches the lowest proportion of susceptible and

    recovery-enabling species and is preferential for increasing recovery rates on coral reefs.

Clifton, K. E. (1997). Mass spawing by green algae on coral reefs. Science, 275, 1116-1118. 
Coker, D.J., Graham, N.A.J., Pratchett, M.S. (2012) Interactive effects of live coral and structural complexity on the recruitment of reef fishes. Coral Reefs 31:919–927.

Corals reefs are subjected to multiple disturbances that modify levels of coral cover and structural complexity of the reef matrix, and in turn influence the structure of associated fish communities. With disturbances predicted to increase, insight into how changes in substrate condition will influence the recruitment of many fishes is essential for understanding the recovery of reef fish populations following biological and physical disturbances. While studies have revealed that both live coral cover and structural complexity are important for many fishes, there is a lack of understanding regarding how a combination of these changes will impact the recruitment of fishes. This study used experimentally constructed patch reefs consisting of six different habitat treatments; three levels of live coral cover (high, medium, low) crossed with two levels of structural complexity (high, low), to test the independent and combined effects of live coral cover and structural complexity on the recruitment and recovery of fish communities.

Coleman, F. & et al (2004). Habitat Characterization of Pulley Ridge and the Florida Middle Grounds Final Report to the National Oceanic and Atmospheric Administration Coral Reef Conservation Grant Program. 

Coleman, F., C.C.Koenig, & L.A.Collins (1996). Reproductive styles of shallow-water grouper (Pisces: Serranidae) in the eastern Gulf of Mexico and the consequences of fishing spawning aggregations.  Environmental Biology of Fishes, 47, 129-141. 

 Seasonal and spatial aspects of spawning for three commercially important grouper species in the northeastern Gulf of Mexico are detailed. These species all of which are protogynous hermaphrodites - spawn in deep water 25 m for red grouper,> 40 m for gag and scamp), making it difficult to observe spawning behaviors without ROV or submersible support. They respond to intense fishing pressure in ways that are directly related to their respective reproductive styles. Species that aggregate appear to be more susceptible to such pressures than those that do not, as evidenced by marked skewing of sex ratios in favor of females. Gag, Mycteroperca microlepis, have suffered a drop in the proportion of males from 17% to 1% in the last 20 years; scamp, Mycteroperca phenax, have dropped from 36% to 18%; and red grouper, Epinephelus morio, which do not aggregate, have shown little change in the sex ratio over the past 25-30 years.

Coles, S. L. & Jokiel, P. L. (1978). Synergistic effects of temperature, salinity, and light on the hermatypic coral montipora verrucosa. Marine Biology, 49, 187-195. 

Temperature tolerance in the reef coral Montipora verrucosa (Lamarck) is affected by salinity and light. Low salinity reduces ability of the coral to survive short-term exposure to elevated temperature. High natural light intensity aggravates damage sustained by corals at high temperature. In long-term growth experiments, high light intensity caused substantial loss of zooxanthellar pigment, higher mortality rates, reduced carbon fixation and lowered growth rate at both upper and lower sublethal temperatures Effects of light at optimal temperature were less dramatic. Interactions between physical environmental factors appear to be most important near the limits of tolerance for a given factor. Acclimation capability was indicated, and was influenced by both thermal history and pigmentation state of stressed corals.

Colella, M.A., et al. (2012). Cold-water event of January 2010 results in catastrophic benthic mortality on patch reefs in the Florida Keys Coral Reefs 31(2)621-632.
The Florida Keys are periodically exposed to extreme cold-water events that can have pronounced effects on coral reef community structure. In January 2010, the Florida Keys experienced one of the coldest 12-day periods on record, during which water temperatures decreased below the lethal limit for many tropical reef taxa for several consecutive days. This study provides a quantitative assessment of the scleractinian mortality and acute changes to benthic cover at four patch reefs in the middle and upper Keys that coincided with this cold-water event. Significant decreases in benthic cover of scleractinian corals, gorgonians, sponges, and macroalgae were observed between summer 2009 and February 2010. Gorgonian cover declined from 25.6 ± 4.6% (mean ± SE) to 13.3 ± 2.7%, scleractinian cover from 17.6 ± 1.4% to 10.7 ± 0.9%, macroalgal cover from 8.2 ± 5.2% to 0.7 ± 0.3%, and sponge cover from 3.8 ± 1.4% to 2.3 ± 1.2%. Scleractinian mortality varied across sites depending upon the duration of lethal temperatures and the community composition. Montastraea annularis complex cover was reduced from 4.4 ± 2.4% to 0.6 ± 0.2%, and 93% of all colonies surveyed suffered complete or partial mortality. Complete or partial mortality was also observed in >50% of all Porites astreoides and Montastraea cavernosa colonies and resulted in a significant reduction in cover. When compared with historical accounts of cold-water-induced mortality, our results suggest that the 2010 winter mortality was one of the most severe on record. The level of coral mortality on patch reefs is of particular concern because corals in these habitats had previously demonstrated resistance against stressors (e.g., disease and warm-water bleaching) that had negatively affected corals in other habitats in the Florida Keys during recent decades.
Collette, B. B. & Earle, S. A. (1972). The results of the Tektite program: ecology of coral reef fishes
3361. Los Angeles County Museum, Science Bulletin, 14, 1-180. 
Collette, B. B. & Talbot, F. H. Activity patterns of coral reef fishes with emphasis on nocturnal-diurnal changeover. Bulletin of the Natural History Museum of Los Angeles County, 14, 98-124. 
Collette, B. B. (1983). Two new species of coral toadfishes, family Batrachoididae, genus {ISanopus}, from Yucatan, Mexico, and Belize Proceedings of the Biological Society of Washington, 96, 719-724.
Colin, P. L. (2003). Larvae retention:genes or oceanography? (letter) . Science, 300, 1657. 

Collin, A., Hench, J.L., Planes, S. A (2012).novel spaceborne proxy for mapping coral cover 
Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 5A

Spaceborne remote sensing has resolved critical issues for mapping coral reef structure that human- and ship-based surveys could not have overcome, namely the spatial continuity regardless of the water depth. With the emergence of very high spatial resolution sensors, the spatial capabilities of satellites have outperformed those of aircraft, providing spectral information at the dominant benthos scale but over large areas. With the launch of the WorldView-2 (WV2) sensor, coral reefs can now be surveyed using eight bands at ~2 m spatial resolution, somewhat bridging the gap with high spatial resolution, hyperspectral airborne sensors. The WV2 spectral capabilities were utilized for modeling an in situ gradient of Live Coral Cover (LCC). Georeferenced underwater photoquadrats were collected to discern among ten benthic classes, ranging from coralligeneous sand to live Synarea rus bommie or Acropora pulchra thicket, and to compute the LCC. From the benthic images of the five WV2 visible bands (purple, blue, green, yellow, red), 20 pairwise combinations were tested in the form of a Normalized Difference Ratio (NDR). Four spectral combinations were revealed with high correlations (>0.8) with in situ ground-truthing. Associating the common green band with the innovative purple band, the NDR green-purple showed a strong linear relationship with the LCC (R²=0.96, p<0.001). The successful combination was mapped over the entire scene, reliably highlighting live corals while being less sensitive to dead corals and sediment. Discussed to be a proxy for the amount of zooxanthellate-borne pigments such as perdinin, the green-purple NDR holds great promise to map, detect and predict change in coral reefs at the dominant benthos scale regionally, aiding their management and conservation.
Colton, D. E. & Alevizon, W. S. (1981). Diurnal variability in a fish assemblage of a Bahamian coral reef
4004. Environmental Biology of Fishes, 6, 341-435. 
Condie, S.A., Hepburn, M., Mansbridge, J. (2012). Modelling and visualisation of connectivity on the

Great Barrier Reef. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 14A. 
Connectivity between reefs has been identified as a major determinant of resilience in coral reef systems. Conversely, connectivity to onshore and offshore human activities can pose major threats to reef systems. While realized patterns of biological connectivity are difficult to infer, a complementary approach is to predict likely dispersal from an understanding of oceanographic currents and the swimming behaviours of organisms. We have developed an online tool CONNIE (www.csiro.au/connie2/) that allows users to estimate connectivity rapidly between reefs and exposure of reefs to coastal inputs. It uses ocean currents generated by a high-resolution three-dimensional hydrodynamic model covering the entire Great Barrier Reef (GBR) region. The underlying particle tracking techniques allow a wide range of biological behaviours to be specified, including vertical migration, horizontal swimming, surface slick formation, and ontogenetic changes. We demonstrate the approach by testing the hypothesis that the connectivity patterns on the GBR change significantly from north to south. Potential implications for southward movement of species under climate change are then briefly discussed.

Connell, J. H., Hughes, T. P., & Wallace, C. C. (1997). A 30-Year Study of Coral Abundance, Recruitment, and Disturbance at Several Scales in Space and Time. Ecological Monographs, 67, 461-488. 

Observations over a 30-year period revealed a considerable degree of natural variation in the  abundance of corals on Heron Island, Great Barrier Reef.

Connell, S. D. (1997). Exclusion of Predatory Fish on a Coral Reef: The Anticipation, Pre-emption and Evaluation of Some Caging Artefacts. Journal of Experimental Marine Biology and Ecology, 213, 181-198.
 
An evaluation of caging as a technique to understand the dynamics of reef fish.

Conover, D. O. (1998). Local adaptation in marine fishes: Evidence and implications for stock enhancement. 
Bulletin of Marine Science, 62. 
Cordes, E. E. & et al (2008). Communities associated with Lophelia pertusa, similarity to seep fauna, and potential trophic interactions (Rep. No.  2008-012. ). U.S. Mineral Management Service. 

Hard-grounds on the continental slope of the northern Gulf of Mexico are dominated by seep related authigenic carbonates. Colonizing these substrata at active seeps are animals with internal methane- or sulfide-oxidizing symbionts, mussels and tubeworms. Also present on these strata are deep-water corals (broadly encompassing species in numerous taxonomic group near live or mixed coral or bare carbonate. 
Cordes, E. E. & et al (2008). Coral communities of the deep Gulf of Mexico.  Deep Sea Research, Part I, Oceanographic Research Papers. Deep Sea Research, Part I, Oceanographic Research Papers, 55, 777-787.

Cortes, J. (1997). Biology and geology of eastern Pacific coral reefs. Coral Reefs, 16. 
Cox, E. F. (1996). The effects of a selective corallivore on growth rates and competition for space between two species of Hawaiian corals. Journal of Experimental Biology and Ecology, 101, 161-174. 
 
The impact of two common corals was estimated by measuring coral consumption rate, effects on growth rates, and competitive interactions between the two common coral species.

Crawley, A., Kline, D. I., & Dunn, S. (2010). The effect of ocean acidification on symbiont photorespiration and productivity in Acropora formosa. Global Change Biology, 16, 851-863. 

Ocean acidification is expected to lower the net accretion of coral reefs yet little is known
about its effect on coral photophysiology. This study investigated the effect of increasing
CO2 on photosynthetic capacity and photoprotection in Acropora formosa. The photoprotective
role of photorespiration within dinoflagellates (genus Symbiodinium) has largely
been overlooked due to focus on the presence of a carbon-concentratingmechanism despite
the evolutionary persistence of a Form II Rubisco. The photorespiratory fixation of oxygen
produces phosphoglycolate that would otherwise inhibit carbon fixation though the Calvin
cycle if it were not converted to glycolate by phosphoglycolate phosphatase (PGPase).
Glycolate is then either excreted or dealt with by enzymes in the photorespiratory glycolate
and/or glycerate pathways adding to the pool of carbon fixed in photosynthesis. We found
that CO2 enrichment led to enhanced photoacclimation (increased chlorophyll a per cell) to
the subsaturating light levels. Light-enhanced dark respiration per cell and xanthophyll deepoxidation
increased, with resultant decreases in photosynthetic capacity (Pnmax) per chlorophyll. The conservative CO2 emission scenario (A1B; 600–790 ppm) led to a 38% increase in the Pnmax per cell whereas the 'business-as-usual' scenario (A1F1; 1160– 1500 ppm) led to a 45% reduction in PGPase expression and no change in Pnmax per cell. These findings support an important functional role for PGPase in dinoflagellates that is potentially compromised under CO2 enrichment.

Crimp, O. (1986). The applicability of some statistical tests in analysing coral trout ({IPlectropomus leopardus}) 
Crosby, M. P., Brighouse, G., & Pichon, M. (2002). Priorities and strategies for addressing natural and anthropogenic threats to coral reefs in Pacific Island Nations. Ocean & Coastal Management, 45.

Marine habitats and resources have been assumed to be almost unlimited, and that if one habitat became degraded or a particular fisheries resource depleted, there always would be another to replace it. The importance of coral reef ecosystems, in particular, may be seen in their numerous ecological, aesthetic, economic and cultural functions. Pacific islanders recognize that healthy reefs are essential for creation, support, protection and repair of their islands, and serve as a living pantry for the subsistence harvest and consumption of many reef organisms. The ability of coral reef ecosystems to exist in balanced harmony with other naturally occurring competing/limiting physico-chemical and biological agents has been severely challenged in the last several decades by the dramatically increased negative and synergistic impacts from poorly managed anthropogenic activities. In addressing these threats, a paradigm shift may be occurring in the evolution of the role of scientists in society from simply observers of the natural world with tenuous linkages to resource managers and the public, to partners in modern society's quest for answers to pressing questions related to sustainable use and conservation of coral reef resources. Management principles are beginning to. include human motivation and responses as part of coral ecosystems being studied and managed. Managers of coral reef resources face the challenge of balancing conservation and development objectives in the context of the inherent uncertainty of natural systems and the political and social pressures of human systems. Working together, scientists, managers and policymakers can develop priorities and strategies for societal and economic decisions that are strongly coupled with an increasingly comprehensive understanding of the environment. This in turn will lead to both socio-economic health and coral ecosystem health. Employing this new paradigm for interactions between scientists, managers and policymakers, participants of the Pacific Regional ICRI Symposium in Noumea, New Caledonia developed three principal sets of recommendations for addressing natural and anthropogenic threats to coral reefs in Pacific Island Nations: (1) develop and implement a new overarching Participatory Island Ecosystem Management System (PIEMS) for each of the Pacific Island Nations (2) improve existing, as well as design and implement new, capacity-building programs; and (3) improve scientific understanding of coral reef ecosystems with effective translation and transfer of information. Details for each set of recommendations are provided in this paper. 
Csazar, N. B., Ralph, P. J., Frankham, R., & et al (2010). Estimating the Potential for Adaptation of Corals to Climate Warming. PLOS, 5, 1-8. 

Tropical coral reefs are among the most biodiverse ecosystems on the planet and of immense economic value to an estimated 500 million people worldwide [1]. The success of stony corals as carbonate depositing reef structures depends on their functional association with dinoflagellate symbionts of the algal genus
Symbiodinium. This association is based on a closely linked nutrient cycling which promotes a near one-to-one ratio of algal photosynthesis and coral calcification rates [2]. Members (types or subclades) of four of the eight major Symbiodinium clades (clades A-D) are dominant among reef-building corals and largely
influence holobiont (whole symbiosis) physiology 

Cuif, J. P., Dauphin, Y., Freiwald, A., Gautret, P., & Zibrowius, H. (199). Biochemical Markers of zooxanthellae symbiosis in soluble matrices of skeleton of 24 Scleractinia species. Comparative Biochemical Physiology, 123, 269-278-Soluble skeletal organic components were isolated from coral skeletons belonging to 24 species to determine symbiotic and non-symbiotic corla metabolism. 
Dale, G. (1978). Money-in-the-bank: a model for coral reef fish coexistence
2062. Environmental Biology of Fishes, 3, 103-108. 
Davies, A. J., Duineveld, G. C. A., van Weering, T. C. E., Mienis, F., Quattrini, A. M., Seim, H. E. et al. (2010). Short-term environmental variability in cold-water coral habitat at Viosca Knoll, Gulf of Mexico. Deep Sea Research Part I: Oceanographic Research Papers, 57, 199-212.

The Lophelia pertusa community at Viosca Knoll (VK826) is the most extensive found to date in the Gulf of Mexico. As part of a multi-disciplinary study, the physical setting of this area was described using benthic landers, CTD transects and remotely operated vehicle observations. The site was broadly characterised into three main habitats: (1) dense coral cover that resembles biogenic reef complexes, (2) areas of sediment, and (3) authigenic carbonate blocks with sparse coral and chemosynthetic communities. The coral communities were dominated by L. pertusa but also contained numerous solitary coral species. Over areas that contained L. pertusa, the environmental conditions recorded were similar to those associated with communities in the north-eastern Atlantic, with temperature (8.5-10.6Â Â°C) and salinity (~35) falling within the known species niche for L. pertusa. However, dissolved oxygen concentrations (2.7-2.8Â mlÂ l-1) and density ([sigma][Theta], 27.1-27.2Â kgÂ m-3) were lower and mass fluxes from sediment trap data appeared much higher (4002-4192Â mgÂ m-2Â d-1). Yet, this species still appears to thrive in this region, suggesting that L. pertusa may not be as limited by lower dissolved oxygen concentrations as previously thought. The VK826 site experienced sustained eastward water flow of 10-30Â cmÂ s-1 over the 5-day measurement period but was also subjected to significant short-term variability in current velocity and direction. In addition, two processes were observed that caused variability in salinity and temperature; the first was consistent with internal waves that caused temperature variations of 0.8Â Â°C over 5-11Â h periods. The second was high-frequency variability (20-30Â min periods) in temperature recorded only at the ALBEX site. A further pattern observed over the coral habitat was the presence of a 24Â h diel vertical migration of zooplankton that may form part of a food chain that eventually reaches the corals. The majority of detailed studies concerning local environmental conditions in L. pertusa habitats have been conducted within the north-eastern Atlantic, limiting most knowledge of the niche of this species to a single part of an ocean basin. Data presented here show that the corals at VK826 are subjected to similar conditions in temperature, salinity, and flow velocity as their counterparts in the north-east Atlantic, although values for dissolved oxygen and density (sigma-theta: [sigma][Theta]) are different. Our data also highlight novel observations of short-term environmental variability in cold-water coral habitat

Davies, P. S. (1991). Effect of daylight variations on the energy budgets of shallow water corals. Marine Biology, 108, 137-144. 
A mutualism exists between the xanthid crabs of the genusTrapezia and their host corals,Pocillopora damicornis. It has previously been established that these obligate coral residents benefit the coral hosts by defending them against echinoderm predators and by increasing the survival of polyps located deep between the coral branches. In turn, the corals apparently benefit the crabs by producing lipid-filled structures on which the trapezid crabs feed; these fat bodies may contain some of the lipid which in previous studies of coral metabolism has been termed ldquoexcessrdquo. It was determined by experiments conducted at the Hawaii Institute of Marine Biology that the presence of crabs in colonies ofP. damicornis stimulates the polyps to produce the lipid-filled fat bodies; removal of crabs causes corals to cease producing fat bodies. A structure very similar to the fat bodies ofP. damicornis has been reported inAcropora durvillei. Both of these coral genera ordinarily possess xanthid-crab mutualists. This association between branching corals and crustaceans may have evolved because corals of these genera provide shelter among their branches and because these shallow-water corals are evidently capable of releasing lipid which is excess to the corals' metabolic needs, but which can be utilized by the crabs.

Davis, W. P. & Birdsong, R. S. (1973). Coral reef fishes which forage in the water column: A review of their morphology, behavior, ecology and evolutionary implications
2741. Helgolâ€žender Wissenschaftliche Meeresuntersunchungen, 24, 292-306.
Dawson Shepherd, A. R., Warwick, R. M., Clarke, K. R., & Brown, B. E. (1992). An analysis of fish community responses to coral mining in the Maldives. Environmental biology of fishes. The Hague, 33.

Coral mining takes place on shallow reef flats at a number of localities in the Maldives, but not on the adjacent deeper reef slopes. A semi-quantitative census method for fish species abundance and biomass is described. Fish community structure is compared on mined and non-mined reef flats and their adjacent slopes using a variety of univariate, graphical/distributional and multivariate statistical techniques. In general, univariate and graphical distributional methods do not indicate significant differences between mined and non-mined localities with respect to the relative abundances and biomasses of species. Multivariate methods (both classification and ordination), however, indicate very clear-cut effects of mining on the reef flats, and also significant effects on reef slopes adjacent to mined flats. The effect was equally clear using non-quantitative (presence/absence) data. The fish species mainly responsible for the differences between mined and non-mined localities are identified, and the differences are explained in terms of the feeding biology of these species.

de Laia Loiola, L. 2007. Black corals (Cnidaria: Antipatharia) from Brazil: an overview. Bulletin of Marine Science 81(Supplement 1): 253-264. 
There are few records of black corals (Cnidaria: Antipatharia) from Brazil, where there are previous reports of only 18 species from the families Antipathidae, Myriopathidae, and Schizopathidae. Most of these records are from the deep-sea, especially from southwestern Atlantic seamounts and the Brazilian continental shelf margins. Most specimens were collected between 13° and 22°S, during a study to survey the living resources off Brazil (REVIZEE Program), carried out by the Brazilian government. This paper is an historical overview concerning the geographic and bathymetric distribution of black coral species reported off Brazil. The genus Chrysopathes is herein reported for the first time in the Atlantic Ocean and the family Aphanipathidae (Subfamilies Acanthopathinae and Aphanipathinae) is reported for the first time in the southwestern Atlantic.

de Oliveira Pires, D. 2007. The azooxanthellate coral fauna of Brazil. Bulletin of Marine Science 81(Supplement 1): 265-272. Ref ID: 39

 The azooxanthellate coral fauna diversity and distribution off Brazil are provided, with data both newly collected and compiled from the literature. The Brazilian coast is > 7000 km long and relatively little sampling has been conducted in the area, except during the last two decades. Knowledge of the azooxanthellate coral fauna of Brazil is fragmentory, despite recent contributions listing a total of 45 species. Here I report 56 species, including four new records, which is high compared to the 15 zooxanthellate coral species occurring in Brazil. At present, the ratio of azooxanthellate to zooxanthellate species is 4:1, contrasting with the ratio in the tropical-warm temperate western Atlantic (2:1) and the ratio worldwide (1:1). The species Lophelia pertusa (Linnaeus, 1758) (17-34 °S) and Solenosmilia variabilis Duncan, 1873 (9-34°S) are the most dominant cold-water reef-building coral species in Brazil.

de Putron, S. J. & et al (2011). The impact of seawater saturation state and bicarbonate ion concentration on calcification by new recruits of two Atlantic corals. Coral Reefs, 30, 321-328. Ref ID: 9723


 Rising concentrations of atmospheric CO2 are changing the carbonate chemistry of the oceans, a process known as ocean acidification (OA). Absorption of this CO2 by the surface oceans is increasing the amount of total dissolved inorganic carbon (DIC) and bicarbonate ion (HCO3-) available for marine calcification yet is simultaneously lowering the seawater pH and carbonate ion concentration ([CO32-]), and thus the saturation state of seawater with respect to aragonite (?ar). We investigated the relative importance of [HCO3-] versus [CO32-] for early calcification by new recruits (primary polyps settled from zooxanthellate larvae) of two tropical coral species, Favia fragum and Porites astreoides. The polyps were reared over a range of ?ar values, which were manipulated by both acid-addition at constant pCO2 (decreased total [HCO3-] and [CO32-]) and by pCO2 elevation at constant alkalinity (increased [HCO3-], decreased [CO32-]). Calcification after 2weeks was quantified by weighing the complete skeleton (corallite) accreted by each polyp over the course of the experiment. Both species exhibited the same negative response to decreasing [CO32-] whether ?ar was lowered by acid-addition or by pCO2 elevation -calcification did not follow total DIC or [HCO3-]. Nevertheless, the calcification response to decreasing [CO32-] was nonlinear. A statistically significant decrease in calcification was only detected between ?ar=<2.5 and ?ar=1.1-1.5, where calcification of new recruits was reduced by 22-37% per 1.0 decrease in ?ar. Our results differ from many previous studies that report a linear coral calcification response to OA, and from those showing that calcification increases with increasing [HCO3-]. Clearly, the coral calcification response to OA is variable and complex. A deeper understanding of the biomineralization mechanisms and environmental conditions underlying these variable responses is needed to support informed predictions about future OA impacts on corals and coral reefs.

de Santo, E. M. and P. J. S. Jones. 2007. The Darwin Mounds: from undiscovered coral to the development of an offshore marine protected area regime. Bulletin of Marine Science 81(Supplement 1): 147-156.

The first offshore Marine Protected Area (MPA) in the United Kingdom (UK) is the Darwin Mounds, an area of Lophelia pertusa (Linnaeus, 1758) discovered only in 1998. At the time of its discovery, this was considered to be an exceptional example of L. pertusa, growing on a sand base, rather than hard substratum, and exhibiting a distinctive "tail" structure not yet seen elsewhere. Damage to the area caused by deep-water trawling has been observed and in 2003, at the UK's request, the European Commission imposed a ban on trawling in a 1380 km 2 area surrounding the Mounds, which became permanent in 2004. This move was made possible by the revised Common Fisheries Policy (CFP) and represents the first EC example of an offshore fisheries closure for nature conservation (rather than fish stocks). Eventually a network of offshore MPAs will be designated throughout the EU's marine waters, including around the UK. Drawing on a detailed legal and policy analysis and a program of semi-structured interviews with stakeholders, regulators and specialists in the field, this paper explores the unique circumstances and sequence of events that led to the protection of the Darwin Mounds.
Deidun, A. & et al (2010). Records of black coral (Antipatharia) and red coral (Corallium rubrum) fishing activities in the Maltese Islands. Marine Biodiversity Records, 3, 1-6. Ref ID: 9730

 This study presents a description of the little known coral fishery activities around the Maltese Islands. Apart from previously unpublished catch data on Corallium rubrum, this study also reveals, sporadic harvesting of black coral (Antipatharia) past and serves as a first record of Leiopathes glaberrima in Maltese waters. The data indicate that precious coral fishing was regulated on an arbitrary license system that was not based on scientific management. Both fisheries ceased in 1987, although personal communication with industry operators indicates that C. rubrum is still being unofficially fished on a reduced scale. As Mediterranean precious coral fisheries originated so long-age, and since so little is known about precious coral species' distribution, the presented historical data may help in evaluating baseline levels of population status and past anthropogenic impact. Finally, the study also highlights the importance of an evaluation of the current population status of precious coral species and a more effective curbing of illegal fishing activities to achieve the desired conservation of the precious coral species in question.
       Devlin, M. et al. (2012). Extreme weather conditions in the Great Barrier Reef: Drivers of change? Proceedings of the   

       12th International Coral Reef Symposium, Cairns, Australia, 9-13 ,21A

There has been a well-recognized link between declining water quality and the ecological health of coastal ecosystems. A strong driver of water quality change in the Great Barrier Reef (hereafter GBR) is the pulsed or intermittent nature of terrestrial inputs into marine ecosystems, particularly close to the coast. Delivery of potentially detrimental terrestrial inputs (freshwater, sediments, nutrients and toxicants, typically via flood plumes) will be exacerbated under modelled climate change scenarios and presents an on-going risk to the resilience and survival of inshore GBR ecosystems. This paper presents an overview of flow and water quality associated with extreme weather conditions experienced in the GBR over the 2010 – 2011 wet season. Water quality data collected during this period within the Reef Rescue Marine Monitoring Program is presented, including the spatial and temporal extent of the water quality conditions measured by in-situ sampling and satellite imagery. The consequence of the long wet season has had profound impacts
Diaz-Pulido, G. & et al (2011). High CO2enhances the competitive strength of seaweeds over corals. Ecology Letters, 14, 156-162. Ref ID: 9722

 Space competition between corals and seaweeds is an important ecological process underlying coral-reef dynamics. Processes promoting seaweed growth and survival, such as herbivore overfishing and eutrophication, can lead to local reef degradation. Here, we present the case that increasing concentrations of atmospheric CO2 may be an additional process driving a shift from corals to seaweeds on reefs. Coral (Acropora intermedia) mortality in contact with a common coral-reef seaweed (Lobophora papenfussii) increased two- to threefold between background CO2 (400 ppm) and highest level projected for late 21st century (1140 ppm). The strong interaction between CO2 and seaweeds on coral mortality was most likely attributable to a chemical competitive mechanism, as control corals with algal mimics showed no mortality. Our results suggest that coral (Acropora) reefs may become increasingly susceptible to seaweed proliferation under ocean acidification, and processes regulating algal abundance (e.g. herbivory) will play an increasingly important role in maintaining coral abundance.

Doherty, P. J. & Sale, P. F. (1985). Predation on Juvenile Coral Reef Fishes: An Exclusion Experiment. Coral Reefs, 4, 225-234. Ref ID: 571C

The density of recruits on caged and uncaged areas were compared in an experiment done to show the extent of predation on recently metamorphosed coral reef fishes.

Doherty, P. J. (1987). The Replenishment of Populations of Coral Reef Fishes, Recruitment Surveys, and the Problems of Variability Manifest on Multiple Scales. Bulletin of Marine Science, 41, 411-422.

The effect of analytical scale was investigated by examining local, regional, and geographic patterns for one common damselfish, Pomacentrus wardi.

Doherty, P. J. (2012). Spatial and temporal patterns in recruitment.  In P.F.Sale (Ed.), Ecology of Fishes on Coral Reefs. (pp. 261-292). San Diego: Academic Press.

Immense strides have been made over the past twenty years in our understanding of ecological systems in general and of reef fish ecology in particular. Many of the methodologies that reef fish ecologists use in their studies will be useful to a wider audience of ecologists for the design of their ecological studies. Significant among the impacts of the research on reef fish ecology are the development of nonequilibrium models of community organization, more emphasis on the role of recruitment variability in structuring local assemblages, the development and testing of evolutionary models of social organization and reproductive biology, and new insights into predator-prey and plant-herbivore interactions.

Doherty, P. & Fowler, T. (1994). An empirical test of recruitment limitation in a coral reef fish. 
Science, 263. 

Presents a long-term, large-scale empirical test of the recruitment limitation hypothesis in a coral reef fish. Explanation for the abundance and demography of small fishes at spatial and temporal scales; Interaction of the nonequilibrial balance of variable recruitment with density-dependent mortality.Presents a long-term, large-scale empirical test of the recruitment limitation hypothesis in a coral reef fish. Explanation for the abundance and demography of small fishes at spatial and temporal scales; Interaction of the nonequilibrial balance of variable recruitment with density-dependent mortality.

Doherty, P. J. (2012). Spatial and temporal patterns in recruitment.  In P.F.Sale (Ed.), Ecology of Fishes on Coral Reefs. (pp. 261-292). San Diego: Academic Press. 

Immense strides have been made over the past twenty years in our understanding of ecological systems in general and of reef fish ecology in particular. Many of the methodologies that reef fish ecologists use in their studies will be useful to a wider audience of ecologists for the design of their ecological studies. Significant among the impacts of the research on reef fish ecology are the development of nonequilibrium models of community organization, more emphasis on the role of recruitment variability in structuring local assemblages, the development and testing of evolutionary models of social organization and reproductive biology, and new insights into predator-prey and plant-herbivore interactions.

Done T. (1999).  Coral community adaptability to environmental changes at the scales of regions, reefs and   reef zones.   American Zoologist, 39, 66-79. Ref ID: 9472

 Projected global increases in temperature, sea level, storminess and
atmospheric carbon dioxide (CO2) are likely to cause changes in reef coral communities
which the present human generation will view as deleterious. It is likely
coral community trajectories will be influenced as much by the reduction in intervals
between extreme events as the projected increases in means of environmental
parameters such as temperature, atmospheric CO,, and sea-level. Depressed calcification
rates in corals caused by reduced aragonite saturation state of water may
increase vulnerability of corals to storms. Moreover, reduction in intervals between
storms and other extreme events causing mass mortality in corals (coral predators,
diseases, bleaching) are likely to more frequently "set back" reef coral communities
to early successional stages or alternate states characterized by non-calcifying
benthos (plants, soft corals, sponges). The greater the area and the longer the
duration of dominance of putative "coral/coralline algae" zones of coral reefs by
non-calcifying stages, the less will be the reefs capacity to accrete limestone bulk
locked up in the big skeletal units of late successional stages (i.e., very large old
corals). Averaged over decades to centuries, the effects of such changes on the
coral community's carrying capacity for other biota such as fish are unpredictable.
A "shifting steady-state mosaic" null model may provide a useful conceptual tool
for defining a baseline and tracking changes from that baseline through time.

Done, T. J. (1995). Ecological criteria for evaluating coral reefs and their implications for managers and researchers. Coral Reefs, 14. Ref ID: 2671

Dorenbosch, M., van Riel, M. C., Nagelkerken, I., & van der Velde, G. (2004). The relationship of reef fish densities to the proximity of mangrove and seagrass nurseries. Estuarine, Coastal and Shelf Science, 60.

Visual census surveys were used to study the distribution of coral reef fishes that are associated with seagrass beds and mangroves in their juvenile phase, on various coral reef sites along the coast of the Caribbean island of Curacao (Netherlands Antilles). The hypothesis tested was that various reef fish species occur in higher densities on coral reefs adjacent to nursery habitats than on reefs located at some distance to these habitats. Of 17 coral reef fish species that are known to use bays with seagrass beds and mangroves as nurseries (nursery species), 15 were observed in quadrats on the reef. Four nursery species, Haemulon sciurus, Lutjanus apodus, Ocyurus chrysurus and Scarus coeruleus occurred in significantly higher densities on coral reefs adjacent to bays with seagrass beds and mangroves. Lutjanus analis, Lutjanus mahogoni and Sphyraena barracuda also had their highest densities on reefs adjacent to these bays, although differences between the distinguished reef categories were not always significant. It is suggested that these seven species are highly dependent on the presence of bays with seagrass beds and mangroves as nurseries on an island scale. Eight other species that are known to use seagrass beds and mangroves as nurseries did not have their highest densities on reefs adjacent to bays with seagrass beds and mangroves. For six of these species, juveniles were also observed on the reef. It is suggested that these species are able to use the reef as an alternative nursery and do not depend strictly on the presence of bays with seagrass beds and mangroves as nurseries.

Dorenbosch, M., Verberk, W., Nagelkerken, I., & van der Velde, G. (2007). Influence of habitat configuration on connectivity between fish assemblages of Caribbean seagrass beds, mangroves and coral reefs. Marine Ecology Progress Series, 334. 


The importance of seagrass beds and mangroves as juvenile habitats for coral reef fishes is still debatable. We hypothesised that the configuration of these habitats in the marine landscape in relation to the coral reef would influence accessibility from the reef (both for fishes that use these habitats for shelter or feeding, and their predators). In combination with differences in habitat complexity (related to habitat type) this could influence the utilisation of these habitats by juvenile reef fishes, and connectivity with the coral reef. Using underwater visual census, we studied the use by juvenile reef fishes of various seagrass and mangrove habitats situated differently in relation to the coral reef, on the Caribbean island of Aruba. Additionally, we studied fish assemblages on various coral reefs differing in proximity to seagrass @@iThalassia testudinum @and mangrove @@iRhizophora mangle@ habitats at the scale of the whole island. In the seagrass and mangrove habitats, habitat configuration in relation to the reef was related to the composition of the fish assemblage, species richness, fish density and fish size. This was consistent with our expectations related to accessibility of these habitats from the reef, and habitat complexity. Most fish species that use seagrasses and mangroves as juvenile habitats were absent from or showed reduced densities on coral reefs located far (>9 km) from seagrass-mangrove habitats. At a smaller spatial scale, this effect was less clear. For some species, this lack of an effect at smaller spatial scales may be explained by local recruitment to the reef, whereas for other species (i.e. @@iHaemulon sciurus@, @@iLutjanus apodus@, @@iL. mahogoni@ and @@iScarus guacamaia@) migration along the coast offers a more likely explanation. We suggest that the value of seagrass and mangrove habitats as a juvenile habitat should not be generalised @@ia priori@, since habitat configuration may interact with the degree of connectivity between seagrasses, mangroves and coral reefs.
      Doshi , A. (2012).Loss of economic value from coral bleaching in S.E. Asia. Proceedings of the 12th International   

     Coral Reef Symposium, Cairns, Australia, 9-13 22D  
In 2010, a rise in sea water temperatures off Thailand, Indonesia and Malaysia resulted in substantial coral bleaching. An ecological and economic survey was undertaken to determine the extent of this bleaching and also the economic implications, particularly for scuba divers. As part of the survey, a choice experiment was undertaken to determine the loss in non-market economic value (in terms of consumer surplus) to divers from the coral bleaching. In this paper, we present the results of this analysis, and implications for ongoing monitoring and management of the reefs. We estimate the loss in economic value due to the 2010 coral bleaching event to be on the order of $50m to $80m.
Dubinsky, Z. & Stambler, N. (1996). Marine pollution and coral reefs. Global Change Biology  (2), 511-526.

Coral reefs are exposed to many anthropogenic stresses increasing in impact and range, both on local and regional scales. The main ones discussed here are nutrient enrichment, sewage disposal, sedimentation, oil-related pollution, metals and thermal pollution. The stress comprising the main topic of this article, eutrophication, is examined from the point of view of its physiological and ecological mechanisms of action, on a number of levels. Nutrient enrichment can introduce an imbalance in the exchange of nutrients between the zooxanthellae and the host coral, it reduces light penetration to the reef due to nutrient- stimulated phytoplankton growth, and, most harmful of all, may bring about proliferation of seaweeds. The latter rapidly outgrow, smother and eventually replace, the slow-growing coral reef, adapted to cope with the low nutrient concentrations typical in tropical seas. Eutrophication seldom takes place by itself. Sewage disposal invariably results in nutrient enrichment, but it also enriches the water with organic matter which stimulates proliferation of oxygen-consuming microbes. These may kill corals and other reef

organisms, either directly by anoxia, or by related hydrogen sulfide production. Increased sediment deposition is in many cases associated with other human activities leading to eutrophication, such as deforestation and topsoil erosion.

Duineveld, G. C. A., M. S. S. Lavaleye, M. J. N. Bergman, H. de Stigter, and F. Mienis. 2007. Trophic structure of a cold-water coral mound community (Rockall Bank, NE Atlantic) in relation to the near-bottom particle supply and current regime. Bulletin of Marine Science 81(3): 449-467. 


 On the SE slope of Rockall Bank, cold-water corals form dense aggregations on the top of elevated mounds supposedly because mounds give rise to topographically accelerated currents and thus enhanced particle supply. In 2005, a study was made of the trophic structure of a Rockall coral mound community by means of 15N stable isotope signatures. Simultaneously near-bottom current speed, turbidity, and temperature were measured on and off the mound to search for links between the predominant feeding mode of the coral community, the particle supply, and the physical factors governing the supply. The range of ?15N in the coral community was small in comparison to other deep habitats due to the absence of deposit-feeders. The ?15N of corals was very close to those of obligate filter-feeders (tunicate, bivalves) indicating that corals assimilate similar types of particles as these filter-feeders. Benthic lander deployments on the mound and in the adjacent gully and plains showed that currents were highest off mound. No major differences were found in near-bottom turbidity between the habitats at the time of the cruise. An 11-mo lander deployment revealed an extended supply of fluorescent particles to the mound community between early February and July 2005. Particle supply to the corals varied daily with higher concentrations associated with relatively warm and saline water flowing down slope. The collected data point to a simplified food web in the coral community sustained by an advection of fresh particles derived from production higher on the bank. The typical distribution of cold-water corals capping the mounds cannot be explained simply by enhanced currents relative to the adjacent plain and gully.

Dupont, J.M., (2009). Ecological dynamics of livebottom ledges and artificial reefs on the inner central West 

Florida Shelf. Theses and Dissertations USF.  http://scholarcommons.usf.edu/etd/1943
The West Florida Shelf (WFS) is one of the largest and most productive continental shelf/slope systems in the world. It covers 170,000 km2 and extends more than 200 km west from the intertidal zone to the 200 m isobath across a very gentle slope (<<1º) of ancient limestone platforms (Okey et al. 2004). The WFS is characterized by a range of seafloor morphologies, gradients, sediment types, biotic communities, reefal structures, and paleo sea-level indicators. Due to the importance of continental shelf resources to the State of Florida, including the prolific finfish and shellfish fisheries, offshore petroleum and natural gas exploration, and tourism industries, the WFS has been the subject of numerous studies that address the unique physical oceanographic regimes, chemical influences, and geologic features of the dynamic area.

Dustan, P. (1999). Coral reefs under stress: Sources of mortality in the Florida Keys. Natural Resource Forum, 23, 147-155.
Dustan, P. (2003). Ecological perspective:  The decline of Carys Fort Reef, Key Largo, Florida 1975-2000.   In N.J.Valette-Silver & D. Scavia (Eds.), Ecological forecasting:  New tools for coastal and ecosystem management  (pp. 116). 


 The coral reefs of the Florida Keys are in catastrophic decline from nested multiple stressors. This includes direct and indirect anthropogenic impacts across local and global scales. Between 1974 and 1999, living coral cover on Carysfort Reef, Key Largo, declined 92 percent. Similar ecological degradation has occurred on many reefs throughout the Florida Keys, including Molasses Reef, Looe Key, and Sand Key, but there was no other formal documentation. Starting in 1995, the USEPA Coral Monitoring Project documented a 38 percent loss of living coral cover over four calendar years, documenting a decline from 10.3 percent to 6.4 percent.

Edinger, E. N., Limmon, G. V., Jompa, J., Widjatmoko, W., Heikoop, J. M., & Risk, M. J. (2000). Normal coral growth rates on dying reefs: Are coral growth rates good indicators of reef health? Marine Pollution Bulletin, 40. 

Massive coral growth rates may be poor indicators of coral reef health where coral reefs are subject to combined eutrophication and sedimentation. Massive coral growth (vertical extension) rates on polluted reefs were not different from extension rates on unpolluted reefs, while live coral cover was low and bioerosion intensity high, leading to net reef erosion and death of the polluted reefs. These combined patterns of coral growth rates, coral cover and bioerosion were documented on reefs affected by land-based pollution in the Java Sea, South Sulawesi and Ambon, Indonesia. Acid-insoluble content in coral skeletons reflected land-based pollution stress on reefs more reliably than did coral extension rates. Coral skeletal density was lower on polluted Ja, a Sea reefs than on unpolluted reefs used as reference sites, but coral calcification rates,were not significantly different. The most eutrophied Java Sea reefs had net carbonate loss, indicating net reef erosion, while a fringing reef adjacent to mangroves and two unpolluted coral cays both had positive net carbonate production, Coral growth and reef growth were decoupled, in that coral growth rates did not reliably predict rates of reef accretion. The apparently paradoxical combination of normal to rapid coral growth and net reef erosion on polluted reefs illustrates the need for a whole-reef perspective on coral reef health. (C) 2000 Elsevier Science Ltd. All rights reserved.
Eakin, C.M., Liu, G., Chen,M., Kumar, A. (2012). Ghost of bleaching future: Seasonal Outlooks from NOAA's Operational Climate Forecast System. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 10A 

Using models to inform the possible future of coral reefs can happen on many scales. At the seasonal timescale, the National Oceanic and Atmospheric Administration’s (NOAA) Coral Reef Watch (CRW) and National Centers for Environment Prediction (NCEP) recently made a major advance in NOAA’s ability to predict thermal stress capable of causing mass coral bleaching: a newly-developed global seasonal outlook system based on NOAA’s operational Climate Forecast System (CFS). These outlooks predict the probability of thermal stress events capable of causing large-scale, mass coral bleaching, using a weekly, 28-member ensemble of sea surface temperature forecasts from the CFS. The new system builds upon the first global seasonal bleaching outlook system; collaboration between CRW and NOAA’s Earth System Research Laboratory used a statistical climate model to produce the first seasonal bleaching outlook system released in 2008 at the 11th International Coral Reef Symposium. This paper describes the new CFS-based outlook, initial testing using a series of hindcast and forecast simulations, and the performance of the system during recent bleaching seasons.
Edinger, E. N., Wareham, E.V. and Haedrich, R.L.. 2007. Patterns of groundfish diversity and abundance in relation to deep-sea coral distributions in Newfoundland and Labrador waters. Bulletin of Marine Science 81(Supplement 1): 101-122.

The degree of association between groundfish and corals in Newfoundland and Labrador waters was analyzed on spatial scales of hundreds of kilometers. Groundfish diversity and abundance of ten groundfish species and two invertebrate species were compared with deep-sea coral distributions using standardized stock assessment trawl surveys conducted between September 2003 and October 2005. Standardized trawl survey data were stratified by depth and by five coral classes defined by large gorgonians, small gorgonians, seapens and/or cup corals, soft corals, and absence of all corals. Groundfish species richness was highest in sets containing small gorgonians. Various fish species were most abundant in coral-defined classes in specific depth ranges, but no coral class had significantly higher fish abundances than other coral classes at all depths. For several species, numerical abundance was greatest in one coral class at shallow depth, but wet weight per tow was greatest in a different coral class or depth, or both. Coral-structured environments may be important to fish and crustaceans at different life history stages. Although relationships between corals and groundfish or invertebrates are not obligate and may result from coincidence, conservation areas established for corals may effectively protect populations of groundfish.
Edmunds, P. J. & Gates, R. D. (2008). Acclimatization in tropical reef corals. Marine Ecology Progress Series, 361, 307-310. 
Edwards, H. J. E. & et al (2011). How much time can herbivore protection buy for coral reefs under realistic regimes of hurricanes and coral bleaching?17(6): 2033-2048, 2011. Global Change Biology, 17, 2033-2048.


 Coral reefs have been more severely impacted by recent climate instability than any other ecosystem on Earth. Corals tolerate a narrow range of physical environmental stress, and increases in sea temperature of just 1 ºC over several weeks can result in mass coral mortality, often exceeding 95% of individuals over hundreds of square kilometres. Even conservative climate models predict that mass coral bleaching events could occur annually by 2050. Unfortunately, managers of coral-reef resources have few options available to meet this challenge. Here, we investigate the role that fisheries conservation tools, including the designation of marine reserves, can play in altering future trajectories of Caribbean coral reefs. We use an individual-based model of the ecological dynamics to test the influence of spatially realistic regimes of disturbance on coral populations. Two major sources of disturbance, hurricanes and coral bleaching, are simulated in contrasting regions of the Caribbean: Belize, Bonaire, and the Bahamas. Simulations are extended to 2099 using the HadGEM1 climate model. We find that coral populations can maintain themselves under all levels of hurricane disturbance providing that grazing levels are high. Regional differences in hurricane frequency are found to cause strikingly different spatial patterns of reef health with greater patchiness occurring in Belize, which has less frequent disturbance, than the Bahamas. The addition of coral bleaching led to a much more homogenous reef state over the seascape. Moreover, in the presence of bleaching, all reefs exhibited a decline in health over time, though with substantial variation among regions. Although the protection of herbivores does not prevent reef degradation it does delay rates of coral loss even under the most severe thermal and hurricane regimes. Thus, we can estimate the degree to which local conservation can help buy time for reefs with values ranging between 18 years in the Bahamas and over 50 years in Bonaire, compared with heavily fished systems. Ultimately, we demonstrate that local conservation measures can benefit reef ecosystem services but that their impact will vary spatially and temporally. Recognizing where such management interventions will either help or fail is an important step towards both achieving sustainable use of coral-reef resources and maximizing resource management investments.

Einbinder, S. & et al (2005). Effects of artificial reefs on fish grazing in their vicinity: Evidence from algae presentation experiments. Marine Environmental Research, 61, 110-119.

Artificial reefs have been suggested as a tool for conservation and restoration of marine habitats. However, the relationships between coral reef habitats and man-made structures are poorly understood. We experimentally tested whether artificial reefs change grazing patterns in their surrounding environment. We exposed heaps of the macroalgae, Ulva lactuca, to natural grazing, at various distances from three artificial reefs. Results suggest that artificial reefs change grazing patterns in the neighboring area. In all the locations examined grazing was 2-3 times higher near the artificial reefs than in control sites (p < 0.05). We suggest that herbivorous fishes are attracted to the artificial reefs, creating a zone of increased grazing. Therefore, while planning deployment of such artificial reefs it is necessary to consider their overall influence on their natural surroundings, in order to maintain the natural community trophic dynamics.

Erhardt, H. (1976). La existencia del coral {IStephanocyathus nobilis} (Moseley, 1881) en la costa de la pinÂ¡nsula Guajira. Una demostraciÂ¢n primaria para la costa atÂ ntica de Colombia
1550. Mitteilungen aus dem Instituto Colombo-Aleman de Investigaciones Cientificas `Punta de Betin', 8, 59-62. 
Etnoyer, P., S., et al. (2006). Deep-Sea Coral Collection Protocols. NOAA Technical Memorandum NMFS-
OPR-28, 1-53. 

Around the time that the thirteen original Atlantic colonies were fighting for independence from

Britain, there existed little agreement among naturalists as to the nature of corals. Were they inanimate

(stones), plants, animals, or intermediate between the latter two (zoophytes)? This diversity of definition

and opinions undoubtedly produced considerable confusion and disagreement among naturalists

interested in such things. The symbiotic nature of algal cells in the tissues of some corals was also not

well understood. It was not until the Darwinian period in the nineteenth century that little doubt

remained, and therefore it was generally agreed, that corals were actually animals – heterotrophic living organisms that prey on other organisms for nutrition and do not produce their own food. In the past fifty years the basic goals and tenets of deep-sea coral collection, curation, and taxonomy have changed little. On the other hand, the techniques and tools of this particular avenue of research have changed significantly. Regarding the collection of material in the field, some aspects remain fundamentally the same. The use of research vessels, bottom trawls, and naturalist’s dredges are still frequently used for deep water research. In shallow water collecting, improvements in SCUBA diving equipment and new innovations, such as Trimix gas and Nitrox diving, have allowed divers to work at greater depths with longer bottom times. Pressure independent dive suits have permitted researchers to attain depths not possible in traditional wet or dry suits. In the past four decades,

advances in optics, electronics, and robotic technology have allowed for a rapid sophistication and a broader scope of possibilities regarding manned submersibles, remotely operated vehicles (ROV’s), and more recently, autonomous underwater vehicles (AUV’s). Great strides have been made since the early 1990’s in the technological aspects of the collection and photography of the deep water benthos.

Etnoyer, P. and J. Warrenchuk. 2007. A catshark nursery in a deep gorgonian field in the Mississippi Canyon, Gulf of Mexico. Bulletin of Marine Science 81(3): 553-559. 

Gorgonian corals (Anthozoa: Alcyonaria: Gorgonacea) are a conspicuous component
of the deep-water benthic megafauna in the Gulf of Mexico (Alcyonaria: Deichmann,
1936; Bayer, 1954; Giammona, 1978; MacDonald et al., 1996; Cairns and Bayer,
2002). Callogorgia spp. primnoid colonies in particular are widespread throughout the
Gulf, with one endemic species in the Mississippi delta region, Callogorgia americana
delta Cairns and Bayer, 2002. Primnoid octocorals in the North Pacific are considered
habitat-forming because they grow large enough to provide substrate and shelter for
associated species of fish and invertebrates (Krieger and Wing, 2002; Etnoyer and Morgan,
2003, 2005). The habitat functions of Gulf of Mexico gorgonians are still poorly
known and understood.

Fabricius, K. E. & et al (2011). Losers and winners in coral reefs acclimatized to elevated carbon dioxide concentrations. Nature Climate Change, 1, 165-169. 

 Experiments have shown that ocean acidification due to rising atmospheric carbon dioxide concentrations has deleterious effects on the performance of many marine organisms.  However, few empirical or modelling studies have addressed the long-term consequences of ocean acidification for marine ecosystems. Here we show that as pH declines from 8.1 to 7.8 (the change expected if atmospheric carbon dioxide concentrations increase from 390 to 750 ppm, consistent with some scenarios for the end of this century) some organisms benefit, but many more lose out. We investigated coral reefs, seagrasses and sediments that are acclimatized to low pH at three cool and shallow volcanic carbon dioxide seeps in Papua New Guinea. At reduced pH, we observed reductions in coral diversity, recruitment and abundances of structurally complex framework builders, and shifts in competitive interactions between taxa. However, coral cover remained constant between pH 8.1 and ~7:8, because massive Porites corals established dominance over structural corals, despite low rates of calcification. Reef development ceased below pH 7.7. Our empirical data from this unique field setting confirm model predictions that ocean acidification, together with temperature stress, will probably lead to severely reduced diversity, structural complexity and resilience of Indo-Pacific coral reefs within this century.

Fabricius, K. E. (2005). Effects of terrestrial runoff on the ecology of corals and coral reefs: review and synthesis. Marine Pollution Bulletin, 50 (2). 125-146. 
This paper reviews and evaluates the current state of knowledge on the direct effects of terrestrial runoff on (1) the growth and survival of hard coral colonies, (2) coral reproduction and recruitment, and (3) organisms that interact with coral populations (coralline algae, bioeroders, macroalgae and heterotrophic filter feeders as space competitors, pathogens, and coral predators). The responses of each of these groups are evaluated separately against the four main water quality parameters: (1) increased dissolved inorganic nutrients, (2) enrichment with particulate organic matter, (3) light reduction from turbidity and (4) increased sedimentation. This separation facilitates disentangling and understanding the mechanisms leading to changes in the field, where many contaminants and many responses co-occur. The review also summarises geographic and biological factors that determine local and regional levels of resistance and resilience to degradation. It provides a conceptual aid to assess the kind of change(s) likely to occur in response to changing coastal water quality.
Fearon, R. J. & Cameron, A. M. (1997). Preliminary evidence supporting the ability of hermatypic  corals to affect adversely larvae and early settlement stages of hard coral competitors. Journal of Chemical Ecology, 23, 1769-1775. 


Crude, aqueous extracts of the five species of hermatypic coral from three scleractinian families were assayed for bioactivity against the early life stages of scleracitinian corals.

Federation of American Societies for Experimental Biology (2010). After the oil spill: New research sheds light on coral susceptibility to environmental stress. 
Much attention has been paid to the fate of wildlife living on and above the Gulf of Mexico's surface. Now, a new research study published in the June 2010 print issue of the FASEB Journal looks toward the seafloor to explain coral susceptibility to disease outbreaks when they encounter environmental stress and to set the stage for understanding exactly what type of undersea environment is necessary to promote coral health and growth after the oil spill cleanup.

Fenner, D. (1988). Some leeward reefs and corals of Cozumel, Mexico. Bulletin of Marine Science [Bull.Mar.Sci.], 42. 
The leeward shore of Isla Cozumel, Mexico, supports small fringing reefs, linear patch reefs, and rich shelf-edge reefs, These reefs are found primarily on sloping areas of the sand-covered shelf off the western shore of Cozumel. Although found on a leeward shore, the shelf-edge reefs have an irregular, high-relief spur and groove system. Thirty eight species and 13 forms of stony corals were found, with a species diversity and coral cover greater than on the Yucatan coast. Acropora palmata and A. cervicornis were less common than on most other Caribbean reefs, corresponding to the lack of a rich shallow forereef zone.

Fenner, D. (1999). New observations on the stony coral (Scleractinia, Milleporidae, and Stylasteridae) species of Belize (Central America) and Cozumel (Mexico). Bulletin of Marine Science [Bull.Mar.Sci.], 64.

The leeward shore of Isla Cozumel, Mexico, supports small fringing reefs, linear patch reefs, and rich shelf-edge reefs, These reefs are found primarily on sloping areas of the sandcovered

Shelf off the western shore of Cow me!. Although found on a leeward shore, the shelfedge reefs have an irregular, high-relief spur and groove system. Thirty eight species and 13 forms of stony corals were found, with a species diversity and coral cover greater than on the Yucatan coast. Acropora palmata and A. cervicornis were less common than on most other Caribbean reefs, corresponding to the lack of a rich shallow forereef zone.
Fenner, D. (2012). Challenges for Managing Fisheries on Diverse Coral Reefs Diversity 4, 105-160
Widespread coral reef decline has included the decline of reef fish populations, and the subsistence and artisanal fisheries that depend on them. Overfishing and destructive fishing have been identified as the greatest local threats to coral reefs, but the greatest future threats are acidification and increases in mass coral bleaching caused by global warming. Some reefs have shifted from dominance by corals to macroalgae, in what are
called “phase shifts”. Depletion of herbivores including fishes has been identified as a contributor to such phase shifts, though nutrients are also involved in complex interactions with herbivory and competition. The depletion of herbivorous fishes implies a reduction of the resilience of coral reefs to the looming threat of mass coral mortality from bleaching, since mass coral deaths are likely to be followed by mass macroalgal blooms on the newly exposed dead substrates. Conventional stock assessment of each fish species would be the preferred option for understanding the status of the reef fishes, but this is far too expensive to be practical because of the high diversity of the fishery and poverty where most reefs are located. In addition, stock assessment models and fisheries in general assume density dependent populations, but a key prediction that stocks recover from fishing is not always confirmed. Catch Per Unit Effort (CPUE) has far too many weaknesses to be a useful method. The ratio of catch to stock and the proportion of catch that is mature depend on fish catch data, and are heavily biased toward stocks that are in good condition and incapable of finding species that are in the worst condition. Near-pristine reefs give us a reality check about just how much we have lost. Common fisheries management tools that control effort or catch are often prohibitively difficult to enforce for most coral reefs except in developed countries. Ecosystem-based management requires management of impacts of fishing on the ecosystem, but also vice versa. Marine Protected Areas (MPAs) have been a favorite management tool, since they require little information. MPAs are excellent conservation and precautionary tools, but address only fishing threats, and may be modest fisheries management tools, which are often chosen because they appear to be the only feasible alternative. “Dataless management” is based on qualitative information from traditional ecological knowledge and/or science, is sufficient for successful reef fisheries management, and is very inexpensive and practical, but requires either customary marine tenure or strong governmental leadership. Customary marine tenure has high social acceptance and compliance and may work fairly well for fisheries management and conservation where it is still strong.

Fernandes, L., Ridgley, M. A., & van't Hof, T. (1999). Multiple criteria analysis integrates economic, ecological and social objectives for coral reef managers. Coral Reefs, 18. Ref ID: 8103

Managing a coral reef in a small island state is a difficult task. Apart from having conflicting objectives and few data there is the added problem of how to evaluate the less tangible benefits of management. This study reports the successful use of multiple criteria analysis to help the managers of a coral reef to make “good” decisions. “Good” decisions are consistent with the community’s desires to, in this case, preserve social and ecological values while simultaneously maintaining the economic benefits of dive tourism and maintaining the park as a global model of successful management. Multiple criteria analysis provides a systematic framework for evaluating management options. This study presents one of the first times multiple criteria analysis has been used in coral reef management, let alone in a non-industrialised setting. The results suggest that the method may be more widely useful than previously thought.

Ferry, R. E. & Kohler, C. C. (1987). Effects of trap fishing on fish populations inhabiting a fringing coral reef  North American Journal of Fisheries Management, 7, 580-588. Ref ID: 4710

Fish populations of two separate but structurally similar fringing coral reefs at La Gonàve, Haiti, empirically determined to differ with respect to level of exploitation, were assessed by experimental trapping and visual censusing. The fish species composition, total fish abundance, and numerical catch per unit of effort did not differ significantly between sites. Scarids and chaetodontids, which collectively made up over 50% of the catch, were significantly smaller at the site of higher exploitation. The relatively small sizes of resident fishes on both reefs (no fish were over 30 cm in fork length) suggested there was overexploitation. The proportion of fish recruited to traps before reaching sexual maturity ranged from 23 to 78% among six exploited families. Because an enforcement infrastructure for fishery regulation currently does not exist in Haiti, we suggest a system of passive management employing fishermen cooperatives whereby new and modified gear could be introduced for exploitation of fish stocks that inhabit the deeper waters.

Field, M.E & Ogsten, A.S. (2011).  Rising sea level may cause decline of fringing coral reefs EOS 92(33), 273.

Coral reefs are major marine ecosystems and critical resources for marine diversity and fisheries. These ecosystems  are widely recognized to be at risk from a number of stressors, including climate cbange due to anthropogellicaily driven increases in atmospheric concentrations of greenhouse gases.
Fischer, E. A. (1980) The relationship between mating system and simultaneous hermaphroditism in the coral reef fish, {IHypoplectrus nigricans} (Serranidae) Animal Behavior, 28 (2) 620-633.
The behaviour and reproductive ecology of the simultaneously hermaphroditic coral reef fish, Hypoplectrus nigricans (Serranidae), the black hamlet, was investigated in an effort to elucidate the relationship between simultaneous hermaphroditism and mating behaviour. The major features of the mating system are as follows. (1) Hamlets spawn only in pairs, one partner releasing eggs and the other fertilizing them. There is no selfing. (2) Eggs are planktonic. There is no parental care. (3) The major courtship display serves to advertise that an individual has ripe eggs. (4) A clutch is not released in a single spawn but is parcelled over several, usually with the same partner. (5) Partners generally alternate sex roles with each spawn: that is, they take turns giving up parcels to be fertilized. This active reciprocation of release of eggs, called egg trading, means that reproductive success as a male depends upon the ability to reproduce as a female. Since most of the reproductive effort of an individual is spent on female functions, egg trading provides a fecundity advantage to hermaphroditism, making it evolutionarily stable relative to dioecy (separate sexes). The advantage is analogous to that which parthenogenetic organisms have over sexual ones. The fecundity advantage under egg trading can account for the maintenance, but not the origin of simultaneous hermaphroditism, since hermaphroditism must be established before egg trading can evolve.

Fischer, E. A. (1980). Sexual allocation in a simultaneously hermaphroditic coral reef fish. American Naturalist, 117, 64-82. 
A widely assumed consequence of anisogamy is that the cost of producing the sperm that fertilizes an egg is much smaller than the cost of making the egg itself. As a result, males of pair mating organisms should often expend only a small amount of their reproductive effort making sperm (Williams 1975). Simultaneous hermaphrodites that mate in pairs should exhibit a similar pattern of expenditure. What should be the effect of such a savings on the way that resources are allocated to male and female functions in hermaphrodites? The problem of sexual allocation in such organisms has usually been approached in a manner analogous to the treatment by Fisher (1930) and later workers of selection on the sex ratio. This approach leads to the prediction that the average amounts of effort spent on male and female functions should be equal (Maynard Smith 1971a, 1978; Williams 1975; Charnov et al. 1976; Leigh 1977). Any physiological savings resulting from pair mating should be spent on behavioral male functions (Williams 1975).

Fishelson, L. (1973). Ecology of coral reefs in the Gulf of Aqaba (Red Sea) influenced by pollution
2752. Oecologia, 12, 55-67. 
This paper summarizes studies done during 1966, 68 and 72 on coral reef flats south of the Gulf of Aqaba in the Red Sea.

Fisher, R. & et al (2011). Global mismatch between research effort and conservation needs of tropical coral reefs.4(1): 64-72, 2011. Conservation Letters, 4, 64-72. 

 Tropical coral reefs are highly diverse and globally threatened. Management to ensure their persistence requires sound biological knowledge in regions where coral reef biodiversity and/or the threats to it are greatest. This paper uses a novel text analysis approach and Google Maps (TM) to examine the spatial coverage of scientific papers on coral reefs listed in Web of Science (R). Results show that research is highly clumped spatially, positively related to per capita gross domestic product, negatively related to coral species richness, and unrelated to threats to coral reefs globally; indicating a serious mismatch between conservation needs and the knowledge required for effective management. Greater research effort alone cannot guarantee better conservation outcomes, but given some regions of the world (e.g., central Indo-Pacific) remain severely understudied, priority allocation of resources to fill such knowledge gaps should support greater adaptive management capacity through the development of an improved knowledge base for reef managers.

Fitz, H. C., III, Reaka-Kudla, M. L., Bermingham, E. B., & Wolf, N. G. (1983). Coral recruitment at moderate depths: the influence of grazing Washington D.C.: NOAA.

Foley, J.R. (2012). Managed Access: Moving Towards Collaborative Fisheries Sustainability in Belize. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-1318A
The Belize Fisheries Department (BFD) is leading a coalition with the Toledo Institute for

Development and Environment (TIDE), Wildlife Conservation Society (WCS), Environmental Defense Fund

(EDF) and Belizean fishers, to explore Managed Access as a fisheries management policy for Belize. This is in

response to concern over increasing numbers of fishers, decreasing fish landings, and illegal fishing by

Guatemalan and Honduran fishers, who sell Belizean marine products outside Belize, bringing no benefit to

Belizean communities. Managed Access limits access to General Use Zones within reserves, restricted by a

licensing system to “traditional fishermen”, as defined via community consultation with guidelines produced by

BFD, and which establishes catch limits for commercial species that fishers depend on for their livelihoods.

Program effectiveness is measured via collection and analysis of catch data from licensed fishers in the short

term, and the biological response and economic outcomes in the long term. Two pilot sites have been selected;

Port Honduras Marine Reserve (PHMR), co-managed by BFD and TIDE, and Glover's Reef Marine Reserve

(GRMR) managed by BFD with support from WCS. The program, launched in July 2011 in both reserves, will

run for two years, and if successful will be introduced in all MPAs in Belize. Pending continued success, a

management system will be incorporated, using market-based incentives to align fishers' economic interests

with conservation outcomes. However, concerns are already being raised over the process by which licenses are

issued or denied, with some fearing that loopholes and weak enforcement will erode public confidence in the

program. The coalition needs to be highly responsive to the emergence of weaknesses in the current design, toensure continued buy-in, and ultimately, permanent transition towards Managed Access nationwide.
Foley, N. S., Van Rensburg, T. M., & Armstrong, C. W. (2010). The ecological and economic value of cold-water coral ecosystems. Ocean and Coastal Management, 53, 313-326.

Despite the growing scientific literature on cold-water corals (CWC) there appears to be no studies that address the economic values or economic management of the resource. This paper presents an overview of the goods and services of CWC and their associated biodiversity. Use and non-use values associated with CWC are presented, and the methods relevant for assessing their valuation are discussed. The impact of human induced disturbance on CWC is reviewed, in order to indicate how knowledge of CWC values can be used by policy makers in the management of CWC as a habitat and vehicle for biodiversity.

Foley, N. S., Van Rensburg, T. M., & Armstrong, C. W. (2010). The ecological and economic value of cold-water coral ecosystems. Ocean & Coastal Management, 53, 313-326.

The conservation of cold-water coral (CWC) emerged as a significant environmental issue in the late 1990s and a number of spatial designations and management measures have been put in
place globally with a view to protecting CWC ecosystems.1 The introduction of these conservation measures indicates increasing awareness of the values found in ecosystems on the ocean floor, even though the actual protection given has been limited in extent.

France, S. C. 2007. Genetic analysis of bamboo corals (Cnidaria: Octocorallia: Isididae): does lack of colony branching distinguish Lepidisis from Keratoisis? Bulletin of Marine Science 81(3): 323-333.

 Bamboo corals (family Isididae) are among the most easily recognized deep-water
octocorals due to their articulated skeleton comprised of non-sclerite calcareous internodes
alternating with proteinaceous nodes. Most commonly encountered in the
deep-sea are species in the subfamily Keratoisidinae, including the genera Acanella
Gray, 1870, Isidella Gray, 1857, Keratoisis Wright, 1869, and Lepidisis Verrill, 1883.
Systematists have debated whether Lepidisis and Keratoisis should be defined on
the basis of �gcolony branching.�h Although recent taxonomic keys use �gcolonies unbranched�h
to distinguish Lepidisis, the original description of the genus included
both branched and unbranched morphologies, with both forms also classified in
Keratoisis. This study analyzed mitochondrial DNA sequence variation from isidids
collected between 500.2250 m depth to address the following question: are unbranched,
whip-like bamboo corals in the subfamily Keratoisidinae monophyletic?
DNA sequences of the msh1 gene (1426 nucleotides) from 32 isidids were used to
construct a phylogeny. Coding of gaps provided additional informative characters
for taxon discrimination. The results show five well-supported clades, all grouping
both branched and unbranched colony morphologies; there was no single monophyletic
clade of unbranched Keratoisidinae. The msh1 phylogeny suggests that
the distinction between the genera Lepidisis and Keratoisis should not be based on
whether or not colonies branch.

Franklin, E. C., Ault, J. S., Smith, S. G., Luo, J., Meester, G. A., Diaz, G. A. et al. (2003). Benthic Habitat Mapping in the Tortugas Region, Florida. Marine Geodesy, 26, 19-34.

Concern about declining trends in coral reef habitats and reef fish stocks in the Florida Keys contributed to the implementation of a network of no-take marine protected areas in 1997. In support of the efforts of the Dry Tortugas National Park and Florida Keys National Marine Sanctuary to implement additional no-take areas in the Tortugas region in 2001, we expanded the scale of our fisheries independent monitoring program for coral reef fishes in the region. To provide a foundation for the habitat-based, stratified random sampling design of the program, we created a digital benthic habitat map of coral reef and hard-bottom habitats in a geographic information system by synthesizing data from bathymetric surveys, side-scan sonar imagery, aerial photogrammetry, existing habitat maps, and in situ visual surveys. Existing habitat maps prior to 1999 were limited to shallow-water (&lt; 20 m depth) soft-sediment, coral reef, and hard-bottom habitats within Dry Tortugas National Park and did not include deeper areas such as the Tortugas Bank, now partially contained within no-take marine protected area boundaries. From diver observations made during the 1999 survey, we developed a classification scheme based on habitat relief and patchiness to describe nine hard-bottom and coral reef habitats encountered from 1-33 m depth. We provide estimates of area by habitat type for no-take marine protected areas in the Tortugas region. Updated information on the spatial distribution and characteristics of benthic habitats will be used to guide future monitoring, assessment, and management activities in the region. Significant data gaps still exist for the western area of the Florida Keys National Marine Sanctuary and are a priority for future research.
Freeman, L.A., et al. (2012).Classification of remote Pacific coral reefs by physical
oceanographic environment. J. Geophys. Res., 117 1-10.

The oceanographic environment is a key element in structuring coral reef ecosystems by setting the range of physical and chemical conditions in which coral reef-builders live. A cluster analysis of physical and chemical oceanographic data is used to classify coral habitats in the remote tropical and subtropical Pacific Ocean based on average temperature, temperature seasonal cycle, nutrient levels, salinity, aragonite saturation state, stormfrequency, intense hurricane hits, and dissolved oxygen as well as temperature anomalies in degree heating weeks. The resulting seven geographic habitats are stable to perturbations in types of data used in the cluster analysis. Based on recent coral reef survey data in the area, the coral cover was related to the identified geographic regions. The habitats tend to be geographically clustered, and each is characterized by a unique combination of oceanographic conditions. Previous studies suggest coral reef habitats are associated with a uniform array of oceanographic conditions, while our results demonstrate that finer-scale variations in physical variables may control coral reef environments. The results better define the physical environment of remote coral reefs, forming a foundation for future work addressing physical habitat perturbation and anthropogenic impacts on reefs.

Frieler, K., et al. (2012).Limiting global warming to 2 _C is unlikely to save most coral reefs. Nature Climate Change DOI: 10.1038/NCLIMATE1674 1-6.
Mass coral bleaching events have become a widespread phenomenon causing serious concerns with regard to the survival of corals. Triggered by high ocean temperatures, bleaching events are projected to increase in frequency and intensity. Here, we provide a comprehensive global study of coral bleaching in terms of global mean temperature change, based on an extended set of emissions scenarios and models. We show that preserving >10% of coral reefs worldwide would require limiting warming to below 1:5 _C (atmosphere–ocean general circulation models (AOGCMs) range: 1:3–1:8 _C) relative to pre-industrial levels. Even under optimistic assumptions regarding corals’ thermal adaptation, one-third (9–60%, 68% uncertainty range) of the

world’s coral reefs are projected to be subject to long-term degradation under the most optimistic new IPCC emissions scenario, RCP3-PD. Under RCP4.5 this fraction increases to two-thirds (30–88%, 68% uncertainty range). Possible effects of ocean acidification reducing thermal tolerance are assessed within a sensitivity experiment.
Fricke, H. W. (1977). Community structure, social organization and ecological requirements of coral reef fish (Pomacentridae) Helgolâ€žender Wissenschaftliche Meeresuntersunchungen, 30, 412-426.

In the Gulf of Aqaba (Red Sea), 25 species of damselfish (Pomacentridae) which form typical interspecific communities were studied. Several species are typical for different depth zones, others are “ubiquitous”. Damselfish are variously specialized in feeding (herbivore, omnivore, plankton-carnivore); habitat (bottom-dwelling, midwater); home-and-shelter site (selective or unselective). Environmental factors and social structures were found to be interlinked. Species with the same social structure are similarly specialized ecologically. A hypothetical flow diagram shows the effects of abiotic and biotic factors on group size, available food, and social structure. Damselfish are extremely flexible to environmental change, showing intraspecific modification of group structure, feeding habits, reproductive strategy etc. Experimental results suggest a strong selection against “redundant” males. This research is considered a pilot study for future field work, aimed at a prediction of environmental influences on behaviour.

Fricke, H. & Fricke, S. (1977). Monogamy and sex change by aggressive dominance in coral reef fish.
Nature, 266, 830-832. Ref ID: 1851 (letters)
In several sequentially hermaphroditic coral reef fish, of which individuals first function as females and then males (protogynous hermaphroditism), dominant males can control production of other males by aggressive dominance over females1–4. Robertson suggested that socially controlled protogynous sex changes might operate only in species with a well defined polygynous social system “based on individual relationships”2,3. Further exogenous and endogenous factors may control sex change in species which school anonymously and in which the individuals lack special individual relationships. We describe here socially controlled proteandric hermaphroditism (individuals functioning first as males and then as females) in the anemone fish Amphiprion, in which females control production of females by aggressive dominance over males.
Fricke, H. W. (1980). Control of different mating systems in a coral reef fish by one environmental factor. Animal Behavior, 28, 561-569. 
The Red Sea coral-dwelling damselfish Dascyllus marginatus is organized in stable terri torial groups with males dominating all females. The fish live in pairs, harems or multi-male groups. Group size, and the number of sexually active males in a group, are correlated with coral size. Males monopolize and control the coral, attracting potential mates. The experimental alteration of coral sizes, using spherical Stylophora corals, resulted in an increase of male numbers, in artificially composed groups, with the increase of coral size. Thus pairs and harems were produced on small corals, multimale groups on big corals. Experiments with unisexual groups revealed a higher survival of females; males are more aggressive to each other, and cause a stronger emigration of subdominants. In D. marginatus, group size and the number of sexually active males are essentially restricted by one environmental factor: the number of available hiding places on a coral.

Froeschke, J. T., Stunz, G. W., & Wildhaber, M. L. (2010). Environmental influences on the occurrence of coastal sharks in estuarine waters.  Marine Ecology Progress Series, 407, 279-292. Ref ID: 9478


 Long-term fisheries independent gill net surveys conducted in Texas estuaries from
1975 to 2006 were used to develop spatially explicit estuarine habitat use models for 3 coastal shark
species: bull shark Carcharhinus leucas, blacktip shark C. limbatus, and bonnethead shark Sphyrna
tiburo. Relationships between environmental predictors and shark distribution were investigated
using boosted regression trees (BRT). Bull shark was the most abundant species (n = 5800), followed
by blacktip (n = 2094), and bonnethead sharks (n = 1793). Environmental conditions influenced distribution
patterns of all species and relationships were nonlinear, multivariate, and interactive.
Results showed very good model performance and suggested shark distribution is most closely linked
to salinity, temperature, and proximity to tidal inlets. By interpolating the BRT models, maps of the
probability of capture were produced using ordinary kriging. Results showed that the central region
along the Texas coast contains the most important estuarine shark habitat. This area was characterized
by warm temperatures, moderate salinities, and abundant tidal inlets. Bull sharks also extended
into low salinity estuaries, while blacktip and bonnethead sharks were restricted to areas near tidal
passes with moderate salinities. Juvenile sharks were frequently captured, suggesting the Texas
coast may constitute important nursery areas for all 3 species. The development of these spatially
explicit models allows for prioritization and conservation of areas in a region that has great potential
for human disturbance and climate change impacts. These results provide new insight into the habitat
requirements of coastal sharks in the northwestern Gulf of Mexico and practical information for
managing this resource.

Fujii, T. & et al (2011). Coral-killing cyanobacteriosponge (Terpios hoshinota) on the Great Barrier 
Reef.30(2): 483, 2011. Coral Reefs, 30, 483. Ref ID: 9731

The encrusting cyanobacteriosponge Terpios hoshinota was originally described from Guam

(Rutzler and Muzik 1993) and is expanding its range in coral reefs of the northwestern Pacific

(Liao et al. 2007). Terpios hoshinota encrusts many hard substrates, including live coral, and

occasionally undergoes massive outbreaks that can cover huge areas, which can result in the

mass mortality of corals and other resident organisms

Fung, T., Seymour, R. M., & Johnson, C. R. (2011). Alternative stable states and phase shifts in coral reefs under anthropogenic stress. Ecology, 92, 967-982 Ref ID: 9742

Ecosystems with alternative stable states (ASS) may shift discontinuously from one stable state to another as environmental parameters cross a threshold. Reversal can then be difficult due to hysteresis effects. This contrasts with continuous state changes in response to changing environmental parameters, which are less difficult to reverse. Worldwide degradation of coral reefs, involving "phase shifts" from coral to algal dominance, highlights the pressing need to determine the likelihood of discontinuous phase shifts in coral reefs, in contrast to continuous shifts with no ASS. However, there is little evidence either for or against the existence of ASS for coral reefs. We use dynamic models to investigate the likelihood of continuous and discontinuous phase shifts in coral reefs subject to sustained environmental perturbation by fishing, nutrification, and sedimentation. Our modeling results suggest that coral reefs with or without anthropogenic stress can exhibit ASS, such that discontinuous phase shifts can occur. We also find evidence to support the view that high macroalgal growth rates and low grazing rates on macroalgae favor ASS in coral reefs. Further, our results suggest that the three stressors studied, either alone or in combination, can increase the likelihood of both continuous and discontinuous phase shifts by altering the competitive balance between corals and algae. However, in contrast to continuous phase shifts, we find that discontinuous shifts occur only in model coral reefs with parameter values near the extremes of their empirically determined ranges. This suggests that continuous shifts are more likely than discontinuous shifts in coral reefs. Our results also suggest that, for ecosystems in general, tackling multiple human stressors simultaneously maximizes resilience to phase shifts, ASS, and hysteresis, leading to improvements in ecosystem health and functioning.

Futch, J. C. & et al (2011). Evaluation of sewage source and fate on southeast Florida coastal reefs. 
Marine Pollution Bulletin, 62, 2308-2316. 

 Water, sponge and coral samples were collected from stations impacted by a variety of pollution sources and screened for human enteric viruses as conservative markers for human sewage. While human enteroviruses and adenoviruses were not detected, noroviruses (NoV; human genogroups I and II) were detected in 31% of samples (especially in sponge tissue). Stations near inlets were the only ones to show multiple sample types positive for NoV. Fecal indicator bacteria and enteric viruses were further evaluated at multiple inlet stations on an outgoing tide. Greatest indicator concentrations and highest prevalence of viruses were found at the mouth of the inlet and offshore in the inlet plume. Results suggest that inlets moving large volumes of water into the coastal zone with tides may be an important source of fecal contaminants. Efforts to reduce run-off or unintended release of water into the Intracoastal Waterway may lower contaminants entering sensitive coastal areas.

Galzin, R. & Legendre, P. (1987). The fish communities of a coral reef transect. Pacific Science, 41, 158-165. 
As a contribution to the discussion on the causes of the high fish species diversity found on coral reefs, a coast-to-sea transect has been studied in the lagoon of Moorea Island (French Polynesia) in order to uncover the spatial

scales at which recurrent assemblages (i.e., communities) can be identified . The transect was divided into 22 stations where fishes were sampled. According to the null hypothesis (chaos), the fish species should be distributed at random along the transect. This was tested first by a method of constrained clustering
that performs a statistical test of cluster fusion , based on a null hypothesis that corresponds to chaos. Groups of stations were found with, at most, a 5% chance of resulting from a random distribution of species among the groups. The distribution of species among the stations pro vided a second test of the null

hypothesis; the observed number of ubiquitous species was found to be significantly smaller than expected under the hypothesis of chaos and, in the same way, the species limited to a single group of stations were found to be significantly more numerous than expected under chaos. Both patterns are consistent with reports from other reefs of the Indo-Pacific.

Galzin, R. š. (1987). Structure of fish communities of French Polynesian coral reefs. II. Temporal scale

Marine Ecology - Progress Series, 41, 137-145. 
Patterns of fish distribution in the northwestern part of Moorea (French Polynesia) were

studied at several temporal scales: withn a day, within a month, among seasons and between years.

Within a day there were diurnal, nocturnal and crepuscular communities and these were probably

related to die1 variation in the feeding activities of fishes. The within-month study suggested the

existence of a 28 d rhythm where fish abundance was the inverse of species richness. There were

seasonal variations at 3 different reefs but they were not the same at each reef (fringing reef, barrier reef

and outer slope). Significant differences in community structure were found between 1976 and 1983 at

2 reefs: there was an increase in herbivores and carnivorous fishes that feed among algal turf. These

changes were largely explained by a decrease in live coral cover and an increase in algae over the 8 yr

period.
Gardner, T. I. & et al (2003). Long-term region-wide declines in Caribbean corals.   Science, 301, 958-960.

We report a massive region-wide decline of corals across the entire Caribbean basin, with the average hard coral cover on reefs being reduced by 80%, from about 50% to 10% cover, in three decades. Our meta-analysis shows that patterns of change in coral cover are variable across time periods but largely consistent across subregions, suggesting that local causes have operated with some degree of synchrony on a region-wide scale. Although the rate of coral loss has slowed in the past decade compared to the 1980s, significant declines are persisting. The ability of Caribbean coral reefs to cope with future local and global environmental change may be irretrievably compromised.

Garren, M. (2009). Resilience of Coral-Associated Bacterial Communities Exposed to Fish Farm Effluent. PLOS, 4, 1-9. 

 Reef-building corals are just one of many animals that have a mutualistic microbial community. However, the particular relationship between corals and their associated microbes may have a more direct linkage to ecosystem health compared with other species' symbiotic microbial community. The ecosystem-level influence of coral-associated microbial communities is rooted in the fundamental role that scleractinian (stony, reef-building) corals play in physically structuring the habitat and supporting reef organisms, and the roles coral-associated microbes have in maintaining holobiont health. In recent years, molecular methods have greatly expanded our ability to study coral-associated microbial communities.

George, R. Y. and S. D. Cairns. 2007. Conservation and Adaptive Management of Seamount and Deep-Sea Coral Ecosystems. Bulletin of Marine Science 81(Supplement 1): 5-8. Ref ID: 19

In Halifax (Canada), Martin Willison of Dalhousie University and Susan Gass of the
Ecology Action Center in collaboration with Mark Butler and others conducted the First
International Symposium on Deep-sea Corals in the beginning of the 21st century (July
30–August 3, 2000). They wrote in the introduction of their book on the proceedings
of the symposium (Willison et al., 2002): "Through this volume we hope to let a wide
audience know that coral reefs are found in cold ocean waters, that corals are abundant
in both Canada and the United States, and that threats to them are very real". Now we
know that there are two kinds of coral reefs, the tropical coral reefs in the equatorial latitudes
at temperature in excess of 21 °C and the cold deep-water coral reefs in temperate,
boreal, and subarctic latitudes (in both northern and southern hemispheres). The azooxanthellate
corals, lacking symbiotic zooxanthellate algae, occur mostly at bathyal depths
(40–950 m). The Halifax deep-sea coral symposium also resulted in a special number of
the International Journal of Limnology and Marine Sciences, Hydrobiologia, edited by
Les Watling and Michael Risk (2002) with 18 peer-reviewed papers on deep-sea corals.

George, R. Y., T. A. Okey, J. K. Reed, and R. P. Stone. 2007. Ecosystem-based fisheries management of seamount and deep-sea coral reefs in U.S. waters: conceptual models for proactive decisions. Bulletin of Marine Science 81(Supplement 1): 9-30. 


Commercial fishing activities, primarily bottom trawling, have severely damaged vulnerable sea-floor communities such as undersea coral gardens and the summits of seamounts. Recreational fishing can also affect ecosystems adversely. The United States Ocean Commission (2004) recommended that fisheries be managed to protect marine ecosystems and their functions. The eight regional fisheries management councils in the United States under the jurisdiction of the National Marine Fisheries Service lack a sufficiently detailed understanding of ecosystem structure and function and of the target stocks and managed fisheries for making decisions that protect the stocks and ecosystems while allowing fisheries to proceed. Because the development of such detailed understanding is time consuming, we suggest that conceptual diagrammatic models can be used to express the generally known structures and functions of ecosystems so that precautionary management decisions can be made while more sophisticated models of marine ecosystems and fisheries are developed. This will protect resources while knowledge is gathered to enable exploitation that increases rather than degrades the overall value of the services provided by the ecosystem. Here we provide examples of such conceptual diagrammatic models for three US deep-sea coral ecosystems: (1) Aleutian gorgonian garden ecosystems, (2) Corner Rise Seamount, NW Atlantic, and (3) Oculina coral ecosystem off the Florida Atlantic coast, all of which have been established as Essential Fish Habitat and Habitat Areas of Particular Concern (EFH-HAPC). We also suggest how such models might be used by managers, scientists, and stakeholders.
Gignoux-Wolfsohn, C.,  Marks, J. & Vollmer, V. (2012). White Band Disease transmission in the threatened coral, Acropora cervicornis. Scientific Reports (2) (804).
The global rise in coral diseases has severely impacted coral reef ecosystems, yet often little is known about

these diseases, including how they are transmitted. White Band Disease (WBD), for example, has caused

unparalleled declines in live Acropora cover, spreading rapidly throughout the Caribbean by unknown

means. Here we test four putative modes of WBD transmission to the staghorn coral Acropora cervicornis:

two animal vectors (Coralliophila abbreviata and C. caribaea) and waterborne transmission to intact and

injured coral tissues. Using aquarium-based infection experiments, we determine that C. abbreviata, but not

C. caribaea, acts as both a vector and reservoir for transmission of theWBDpathogen. We also demonstrate

waterborne transmission to injured, but not intact staghorn coral tissues. The combination of transmission

by both animal vectors and through the water column helps explain how WBD is spread locally and across the Caribbean.

Ginsburg, R. N. and S. J. Lutz. 2007. A research agenda of geological, bio-physical, and geochemical aspects for deep-sea bio-buildups of the BahamasFlorida region (Bafla). Bulletin of Marine Science 81(Supplement 1): 49-58. 

Deep-sea bio-buildups (ca. 400-1300 m) are remarkably numerous on the floors of inter- and intra-bank channels and bank slopes in the Bahamas and Florida region (Bafla). Deep-sea bio-buildup is used here to encompass all local sea floor relief associated with deep-sea corals including mounds of unconsolidated deposits (bioherms, banks) and lithoherms with onion-like surficial layers that were cemented syndepositionally. Pioneering research on these bio-buildups indicates that they offer an unparalleled opportunity to address the roles of biophysical, geological, and geochemical processes in determining their locations and development. Here we focus on a research agenda for these processes. For each of a selection of key process categories, we present a brief summary of what is known and a selection of research opportunities. The categories are: regional distribution of deep-sea bio-buildups in Bafla; foundations and ages of bio-buildups; baffling of sediment by branched deep-sea corals and other invertebrates; enhanced current velocities and their interactions with bio-buildups; and syndepositional cementation of lithoherms and hardrounds.
Giyanto, P.S. & Hakim, D.A. (2011). Coral Reef Management Information System : Integrated Data Management on Coral Reef Under Coremap. Journal of Indonesian Coral Reefs

Coral Reef Information and Training Center (CRITC) is one of Coral reef Rehabilitation and Management Program (COREMAP) units which serve on coral reef of areas under the Research Center for Oceanography “ Indonesian Institute of Sciences. Data Suplplied to the CRITC are collected from baseline studies and regular monitoring. At the second phase of COREMAP, CRITC are collected from baseline studies and regular monitoring. At the second phase of COREMAP, CRITC has conducted data grouping and processing for three major components: reef-helath, community-based fisheries monitoring (creel), social-economy plus spatial data. However managing these data was difiult due to former to way of data management: manual, scattered, non-centralized and non-standardized. It was then ebident an intergrated information system is needed to reduce data redudancy, allow easy data accessing and linking. In addition the new system should minimize changes to existing system. This way, data collection process is unaffected but a the same time system functionality is enhaced. To achieve the above objectives, CRITC has developed Coral reef Management Information System (CRMIS). CRMIS provides an intergrated , practical, easy-to-use online information system that support coral reef data management. CRMIS itself is a web 2 based application, bilingual (Indonesian and English), Support Web GIS (Geographical Information System), ad-hoc query (user-created search), time-series analysis and report. Web GIS faciltates online interactive thematic maps portraying reef health condition which is linked with other non spatial data (percentage of coral cover, cacth per unit effort or cpue and net-income of COREMAP locations). Hence CRMIS enabled stakeholders to easily get customized information for better reporting, research,planning and decision making.

Gladfelter, W. B., Ogden, J. C., & Gladfelter, E. H. (1980). Similarity and Diversity among coral reef fish communities: a comparison between tropical western Atlantic (Virgin Isands) and tropical central Pacific (Marshall Islands) patch reefs. Ecology, 61, 1156-1168. 

The  fish assemblages  of groups  of large natural coral patch  reefs  in the  tropical  western 
Atlantic  and Pacific  oceans  were  censused  visually  during the  summers  of  1976 and  1978. Thirty-one 
reefs were  in  the  northeastern  Caribbean  Sea  (25  at  St.  Croix  and  6  at  Anegada)  and  15 reefs  were 
located  at the  southern  end  of  Enewetak  Atoll,  Marshall Islands.  The  degree  of  similarity among  the 
faunas in each  group of  reefs  (using a similarity index  based  on the log  of individual abundances)  was 
correlated  with  environmental  parameters  of  the  reefs  in both  regions  (complexity  of  surface  topography, reef height,  reef area,  and position  with respect  to  the main reef,  currents and grassbeds).  The mean degree  of  similarity among  all  the  fish faunas  in each  area was  the  same  at the  two  major sites (0.61  at Enewetak  and 0.62  at St.  Croix)  as was  the  similarity among  the  faunas  of  the  most  uniform subset  of  reefs  in  each  area  (0.68  at  Enewetak  and  0.73  at  St..  Croix).  These  comparable  levels  of similarity  suggest  similar  levels  of  predictability  in  the  composition  of  reef  fish  faunas  in  the  two areas,  in contrast  to  previous  studies  on  very  small natural and artificial structures,  which  suggested a low  level  of predictability  among Pacific reefs  (Sale  1978). The discrepancy  between  our results  and those  of  previous  workers  in  the  Pacific  is  partly  a  result  of  differences  in  the  sizes  of  the  reefs studied,  being  several  orders  of magnitude larger in the  present  case.  Reef  fish diversity  was  greater at Enewetak  (mean  number of  species  per reef  =  93; H'  =  5.38)  than at  St.  Croix  (mean  number of species  per reef  =  64; H'  =  4.58)  but equitability  values  were  the  same in both  areas  (0.82  and 0.81, respectively).  At  both  sites  fish  species  diversity  was  positively  correlated  with  reef  surface  complexity,  projected  reef  surface  area and reef height,  but the correlation  was  higher at St.  Croix for all parameters.  
Glas, M.S. et al.(2012). Biogeochemical conditions determine virulence of black band disease in corals. The ISME Journal, 6, 1526–1534.
The microenvironmental dynamics of the microbial mat of black band disease (BBD) and its less

virulent precursor, cyanobacterial patch (CP), were extensively profiled using microsensors under

different light intensities with respect to O2, pH and H2S. BBD mats exhibited vertical stratification

into an upper phototrophic and lower anoxic and sulphidic zone. At the progression front of BBD

lesions, high sulphide levels up to 4977 lM were measured in darkness along with lower than

ambient levels of pH (7.43±0.20). At the base of the coral–BBD microbial mat, conditions were

hypoxic or anoxic depending on light intensity exposure. In contrast, CP mats did not exhibit strong

microchemical stratification with mostly supersaturated oxygen conditions throughout the mats at

all light intensities and with levels of pH generally higher than in BBD. Two of three replicate CP mats

were devoid of sulphide, while the third replicate showed only low levels of sulphide (up to 42 lM)

present in darkness and at intermediate light levels. The level of oxygenation and sulphide

correlated well with lesion migration rates, that is virulence of the mats, which were greater in BBD

than in CP. The results suggest that biogeochemical microgradients of BBD shaped by the complex

microbial community, rather than a defined pathogen, are the major trigger for high virulence and

the associated derived coral mortality of this disease.
Gleason, D.F., Brazeau, D.A., Munfus, D. (2001). Can self-fertilizing coral species be used to enhance restoration of Caribbean reefs? Bulletin of Marine Science (69)(2), pp. 933-943.

Reef restoration programs involving transplantation should be most successful when using coral species exhibiting high reproductive potential, local recruitment, and the ability to tolerate stresses induced by transplantation. One mode of enhancing reproduction, especially when populations densities are low, is through self-fertilization. To determine if the high reproductive output observed in many hermaphroditic brooders is the product of self fertilization, randomly amplified polymorphic DNA was used to quantify selfing rates in three brooding, hermaphroditic Caribbean corals, Favia fragum, Porites astreoides, and Agaricia agaricites. Self-fertilization rates in the field were high (49% for F. fragum, 34% for P. astreoides and 38% for A. agaricites). Given these high selfing rates, we tested the resiliency of hermaphroditic brooders by transplanting intact and divided colonies of P. astreoides within and between 9 and 24 m depth. Survivorship was high in all transplant groups after 21 mo. Growth rates and larval production of transplanted colonies fell below those of colonies remaining at their depth of origin only at 24 m depth. Even so, colonies transplanted from 9 to 24 m depth appeared healthy throughout the experiment. These results suggest that hermaphroditic brooders meet at least two of the criteria needed for successful coral transplantation programs.
Gleason, D. F. (1993). Different effects of ultraviolet radiation on green and brown morphs of the Caribbean coral Porites astreoides. Limnol.and Oceanogr., 18, 1452-1463. 
In waters 5 2 m deep, green colonies of reef-building Porites astreoides Lamarck are significantly more

abundant than their brown counterparts. To determine whether this distributional pattern reflects differences

in the ability of green and brown colonies to tolerate high intensities of ultraviolet-A (320-400 nm)

and -B (280-320 nm) radiation, I enhanced UV intensities by transplanting colonies of each color from

6 to 1 m deep. After 104 d, brown P. astreoides exposed to UV radiation at 1 m exhibited algal mitotic

indices and linear skeletal extensions that were significantly lower than brown conspecifics shielded from

UV light. In contrast, green P. astreoides were unaffected by UV radiation incident at 1 m. 
Gleason, D. F. & Wellington, G. (1993). Ultraviolet radiation and coral bleaching. Nature, 365, 836-838.

 Episodes of coral bleaching resulting from dissociation of endosymbiotic algae (zooxanthellae) from host coral tissues have occurred with increasing frequency over the past decade on reefs throughout the tropics1,2. These episodes have usually been attributed to increases in sea water temperatures3–10, but the mass bleaching events that occurred throughout the Caribbean during 1987 and 1990 were not readily explained by temperature alone11,12. An additional factor that may have contributed to these bleaching episodes is ultraviolet radiation in the 280–400-nm band. At many localities where bleaching occurred in 1987 and 1990, sea conditions were described as extremely calm with exceptionally clear water13. In the absence of suspended organic and inorganic matter in the water column, higher than average intensities of ultraviolet radiation probably reached all depths within the photic zone for several consecutive months. Evidence for a possible link between ultraviolet radiation and coral bleaching has not been forthcoming2. Here we report results of a field experiment showing that, irrespective of high water temperatures, short-term (three weeks) increases in ultraviolet radiation of a magnitude possible under calm, clear water column conditions can readily induce bleaching in reef-building corals

Gleason, D. F., Edmunds, P. J., & Gates, R. D. (2006). Ultraviolet radiation effects on the behavior and recruitment of larvae from ree coral Porites astreoides. Georgia Southern University. 
We tested the rarely considered hypothesis that the ultraviolet portion (UVR, 280-400 nm) of the light spectrum affects patterns of recruitment in reef-building corals. The premise for this hypothesis rests in the fact that biologically relevant intensities of UVR penetrate to considerable depths (> 24 m) in the clear waters surrounding many coral reefs, and that reef organisms allocate substantial resources to prevent and repair UVR damage. The ability of larvae spawned by the brown morph of the Caribbean coral, Porites astreoides, to detect and avoid UVR was assessed in petri dishes where one-half of the dish was shielded from UVR and the other exposed. Observations made every 30 min between 10:30 and 13:30 h showed significantly higher densities of larvae swimming in regions shielded from UVR. To determine how this behavior affects settlement patterns, larvae collected from P. astreoides adults at 18 m depth were released into chambers deployed at 17 m depth where they were given a choice of three different light regions in which to settle: PAR (PAR = 400-700 nm), PAR + UVAR (UVAR = 320-400 nm), and PAR + UVAR + UVBR (UVBR=280-320 nm). At the end of the experiment, greater numbers of P. astreoides larvae had settled in the region of the tube where UVR was reduced than would be expected if dispersion were random. To our knowledge, this is the first demonstration in any reef-building coral species that planula larvae can detect UVR and that it affects their choice of a settlement site. These results indicate that the capacity to detect and avoid habitats with biologically damaging levels of UVR may be one factor contributing to the successful recruitment of coral larvae.

Gledhill, C. & David, A. (2012). Survey of fish assemblages and habitat within two marine protected areas on the west Florida shelf. Southeast Fisheries Science Center, Panama City: NOAA. Ref ID: 9480


 The Madison-Swanson and Steamboat Lumps MP As were established by the Gulf of Mexico Fishery Management Council in 1999 to protect spawning aggregations of groupers. The primary goals of this project were to:
i) Establish baseline estimates of fish abundance, especially for species of groupers and snappers; ii) Describe significant habitat features in the Madison-Swanson and Steamboat Lumps MP As; and, iii) Analyze the relationship between habitat and species assemblages. The secondary objective was to locate spawning aggregations of gag(Mycteroperca microiepis), and scamp (Mycteroperca phenax). Side scan mosaics and multibeam bathymetry were used to stratify each MP A based upon benthic topography and geology. The Madison-Swanson, and Steamboat Lumps MP As were surveyed during 5 cruises between February, 2001 and May, 2002. Gear employed during the surveys included stationary video camera arrays, (Hi-8 cameras or digital cameras), chevron fish traps, and an ROV. Spawning aggregations of gag and/or scamp were confinned within the Madison-Swanson MP A in 2001 and 2002. Species assemblages varied with habitat. At sites along ridges and rocky outcrops, species observed included gag, scamp, red grouper (Epinephelus morio), snowy grouper (Epinephelus niveatus), speckled hind (Epinephelus drummondhayl), red snapper (Lutjanus campechanus), silksnapper(Luijanus vivanus), vennilion snapper (Rhomboplites aurorubens), red porgy (Pagrus pagrus), knobbed porgy (Calamus nodosus), gray triggerfish (Balistes capriscus), and greater amberjack (Seriola dumerilz). At sites on sandy substrates, species observed included honeycomb moray (Gymnothorax saxicola), bank sea bass (Centropristis ocyurus), and bandtail puffer (Sphoeroides spengler;).
Glynn, P. W. (1973). Ecology of Caribbean coral reefs. The {IPorites} reef-flat biotope. Part II. Plankton communities with evidence for depletion. Marine Biology, 22, 1-21. 
A quantitative assessment of drifting net plankton crossing a reef-flat biotope was obtained on a Caribbean coral reef. The spatial distribution and abundance of plankton were sampled to provide estimates of the removal of this potential food resource by suspension-feeding populations. Sampling was largely confined to the reef flat and adjacent waters of Laurel Cay, a flourishing coral reef present on the insular shelf off southwestern Puerto Rico. A prior study provides information on the meteorological and hydrographic characteristics of this area. Evidence for plankton accrual was found in the quantitative depletion of qualitatively similar populations sampled downstream of densely populated reef communities. Numerically, the diatom crop was reduced by 91% and zooplankton by 60% in water streaming off the reef. Significant diel and seasonal variations in plankton abundance were obcerved, as well as notable differences in volume flow, the latter closely related to the local wind regime. A time course of net plankton accrual was calculated, taking into account these various factors. During the summer season (July–August), when zooplankton was relatively abundant and water movement over the reef vigorous, the total gain from plankton reached [image: image2.png]


0.25 gC/m2/day; 75% of this occurred during a 4 h period at sunrise and sunset. Plankton retained on the reef flat in January of February and in September was around 0.1 g C/m2/day. Zooplankton biomass contributed the greatest share, exceeding that of diatoms by a factor of 10 during the day and 42 in the early evening. A mean annual accrual of 0.18 g C/m2/day is equivalent to 4 to 13% of net community metabolism.
Glynn, P.W. (1976) Determinants of coral community structure. Ecological Monagraphs, (46) (4), 461-456.

Various physical and biological factors affecting coral community structure were investigated by direct observation and periodic censusing (supplemented with laboratory observations and experiments) on three coral reefs off the Pacific coast of Panama from 1970 to 1975. The physical environment has a strong control over coral growth at shallow depth; physical factors are also important subtidally (light, sediment transport). However, paralleling the pattern on temperate shores, biological processes (competition, predation, bioturbation, mutualism) assume an increasing influence on community structure in deeper and more diverse reef assemblages. Coral zonation is marked on these biologically simple and small reefs; the following assemblages are recognized: drying reef flat-live coral cover moderate, species diversity low; reef crest and upper reef slope-highest cover, lowest diversity; lower reef slope and reef base-cover moderate to low, diversity highest. Coral populations in the different zones, though spatially close, are affected by unique sets of conditions. Recurrent extreme tidal exposures devastate reef flat corals (Pocillopora mortality = 40%-60%). The mortality rate of pocilloporid corals is higher than for other corals; this has a diversifying effect on the reef flat assemblage.

Glynn, P. W. (1985). Corallivore Population Sizes and Feeding Effects Following El Nino (1982-1983) Associated Coral Mortality in Panama. Coral Reefs, 15, 109-119. 

Bouts of extensive coral bleaching were observed on coral reefs off the Pacific coast of Panama from Feb. 1983 to Oct. 1983.

Glynn, P. W. (1988). Proceedings of the 6th International Coral Reef Symposium, Australia, 1988. In (pp. 51-62). Miami, FL: Rosentiel Schoool of Marine Science. 
Predation among secondary consumers and its r o l e as a community s t r u c t u r i n g process is reviewed

from recent studies f c o r a l reefs worldwide. 
Glynn, P.W., et al.(1992). Experimental Responses of Okinawan (Ryukyu Islands, Japan) Reef Corals to High Sea Temperature and UV I Radiation.  Proceedings of the Seventh International Coral Reef Symposium, Vol. 1

Two reef-building corals, Acropora val- sors could offer clues to understanding the disapida and Pocillopora damicornis, were subjected to pearance of A. valida and sudden population defour combinations of sea temperature and UV ra- clines of P. damicornis in the eastern Pacific diation regimes to evaluate their joint effects on following the 1982-83 ENSO. coral bleaching (zooxanthellae and/or chlorophyll loss), su~vaaln d recovery. Zooxanthellae densities, chlorophyll (a, c,) concentrations, "S-320" absorbance~, c oral skeletal growth and survivorship were assessed over an 8 week summer period exposure) flux. Chlorophyll pigment declines were due to zooxanthellae loss.
Glynn, P.W. (1996).Coral reef bleaching: facts, hypotheses and implications. Global Change Biology ( 2), 495-509.

Coral reef bleaching, the temporary or permanent loss of photosynthetic microalgae (zooxanthellae) and/or their pigments by a variety of reef taxa, is a stress response usually associated with anthropogenic and natural disturbances. Degrees of bleaching, within and among coral colonies and across reef communities, are highly variable and

difficult to quantify, thus complicating comparisons of different bleaching events. Smallscale bleaching events can often be correlated with specific disturbances (e.g. extreme low/high temperatures, low/high solar irradiance, subaerial exposure, sedimentation, freshwater dilution, contaminants, and diseases), whereas large scale (mass) bleaching

occurs over 100s to tOOOs of km'^, which is more difficult to explain. Debilitating effects of bleaching include reduced/no skeletal growth and reproductive activity, and a lowered capacity to shed sediments, resist invasion of competing species and diseases. Severe and prolonged bleaching can cause partial to total colony death, resulting in diminished reef growth, the transformation of reef-building communities to alternate, non-reef building community types, bioerosion and ultimately the disappearance of reef structures. Present evidence suggests that the leading factors responsible for large-scale coral reef bleaching are elevated sea temperatures and high solar irradiance (especially ultraviolet wavelenths), which may frequently act jointly.

Glynn, P. W. (2011). In tandem reef coral and cryptic metazoan declines and extinctions. Bulletin of Marine Science, 87, 767-794. 

Coral reef degradation and loss have been extensively documented worldwide during
the last few decades. While much attention has been directed toward the mortality
of reef-building corals vis-a-vis various observed disturbances (e.g., bleaching, diseases, overfishing, nutrification), the fate of other reef-associated metazoans, especially invertebrates, has not received sufficient attention. Living and dead corals, reef frameworks, and carbonate sediments provide essential habitat niches for a multitude of symbiotic and cryptic species. Thirty-one animal phyla contain species
that inhabit coral reefs with known global species richness estimated at 93,000. Possibly
as many as 1,000,000 reef-associated metazoans occur globally. Many of these species are undiscovered because of their cryptic or sibling nature. Metazoan reef associates have important functional roles on reefs, e.g., increasing survivorship of coral hosts, aiding in reef framework construction (calcification, consolidation), providing trophic resources, affecting coral mortality (corallivores) and erosion
(bioerosion). Despite widespread bleaching and mortality, no reef-building corals (Scleractinia) have yet to become globally extinct. Three populations of Millepora spp. (Hydroida) were severely impacted in Pacific Panama during the 1982.83 El Nino.Southern Oscillation event. Present status indicates recovery of Millepora intricate Milne-Edwards and Haime, 1860 to shallow reef zones from relatively deep
(10.15 m) refugia. Furthermore, two hydrocoral species have suffered regional extinctions in the eastern Pacific with populations still present in the Indo-Pacific
(Millepora platyphylla Hemprich and Ehrenberg, 1834) and eastern Indian Ocean (Millepora boschmai de Weerdt and Glynn, 1991). Considering the large numbers of obligate symbionts and other coral reef metazoan associates, there is a strong likelihood of large-scale extinctions following the loss of reef-building corals.

Glynn, P. W. (2011). Coral reef bleachings:ecological perspectives. Coral Reefs, 12, 1-7. 

Coral reef bleaching, the whitening of diverse invertebrate taxa, results from the loss of symbiotic zooxanthellae and/or a reduction in photosynthetic pigment concentrations in zooxanthellae residing within the gastrodermal tissues of host animals. Of particular concern are the consequences of bleaching of large numbers of reef-building scleractinian corals and hydrocorals. Published records of coral reef bleaching events from 1870 to the present suggest that the frequency (60 major events from 1979 to 1990), scale (co-occurrence in many coral reef regions and often over the bathymetric depth range of corals) and severity (>95% mortality in some areas) of recent bleaching disturbances are unprecedented in the scientific literature. The causes of small scale, isolated bleaching events can often be explained by particular stressors (e.g., temperature, salinity, light, sedimentation, aerial exposure and pollutants), but attempts to explain large scale bleaching events in terms of possible global change (e.g., greenhouse warming, increased UV radiation flux, deteriorating ecosystem health, or some combination of the above) have not been convincing. Attempts to relate the severity and extent of large scale coral reef bleaching events to particular causes have been hampered by a lack of (a) standardized methods to assess bleaching and (b) continuous, long-term data bases of environmental conditions over the periods of interest. An effort must be made to understand the impact of bleaching on the remainder of the reef community and the long-term effects on competition, predation, symbioses, bioerosion and substrate condition, all factors that can influence coral recruitment and reef recovery. If projected rates of sea warming are realized by mid to late AD 2000, i.e. a 2°C increase in high latitude coral seas, the upper thermal tolerance limits of many reef-building corals could be exceeded. Present evidence suggests that many corals would be unable to adapt physiologically or genetically to such marked and rapid temperature increases.

Golbuu, Y. & et al (2011). River discharge reduces reef coral diversity in Palau. Marine Pollution Bulletin, 62, 824-831. 

Coral community structure is often governed by a suite of processes that are becoming increasingly influenced by land-use changes and related terrestrial discharges. We studied sites along a watershed gradient to examine both the physical environment and the associated biological communities. Transplanted corals showed no differences in growth rates and mortality along the watershed gradient. However, coral cover, coral richness, and coral colony density increased with increasing distance from the mouth of the bay. There was a negative relationship between coral cover and mean suspended solids concentration. Negative relationships were also found between terrigenous sedimentation rates and the richness of adult and juvenile corals. These results have major implications not only for Pacific islands but for all countries with reef systems downstream of rivers. Land development very often leads to increases in river runoff and suspended solids concentrations that reduce coral cover and coral diversity on adjacent reefs.

Goldman, B. & Talbot, F. H. (1976). Aspects of the ecology of coral reef fishes. In O.H.Jones & R. Endean (Eds.), Biology and ecology of coral reefs (pp. 125-154). New York: Academic Press.
Goodbody-Gringley G, Wetzel DL, Gillon D, Pulster E, Miller A, et al. (2013). Toxicity of Deepwater Horizon Source Oil and the Chemical Dispersant, CorexitH 9500, to Coral Larvae. PLOS (8) (1).

Acute catastrophic events can cause significant damage to marine environments in a short time period and may have

devastating long-term impacts. In April 2010 the BP-operated Deepwater Horizon (DWH) offshore oil rig exploded, releasing an estimated 760 million liters of crude oil into the Gulf of Mexico. This study examines the potential effects of oil spill exposure on coral larvae of the Florida Keys. Larvae of the brooding coral, Porites astreoides, and the broadcast spawning coral, Montastraea faveolata, were exposed to multiple concentrations of BP Horizon source oil (crude, weathered and WAF), oil in combination with the dispersant CorexitH 9500 (CEWAF), and dispersant alone, and analyzed for behavior, settlement, and survival. Settlement and survival of P. astreoides and M. faveolata larvae decreased with increasing concentrations of WAF, CEWAF and CorexitH 9500, however the degree of the response varied by species and solution. P. astreoides larvae experienced decreased settlement and survival following exposure to 0.62 ppm source oil, while M. faveolata larvae were negatively impacted by 0.65, 1.34 and 1.5 ppm, suggesting that P. astreoides larvae may be more tolerant to WAF exposure than M. faveolata larvae. Exposure to medium and high concentrations of CEWAF (4.28/18.56 and 30.99/35.76 ppm) and dispersant CorexitH 9500 (50 and 100 ppm), significantly decreased larval settlement and survival for both species. Furthermore, exposure to CorexitH 9500 resulted in settlement failure and complete larval mortality after exposure to 50 and 100 ppm for M. faveolata and 100 ppm for P. astreoides. These results indicate that exposure of coral larvae to oil spill related contaminants, particularly the dispersant CorexitH 9500, has the potential to negatively impact coral settlement and

survival, thereby affecting the resilience and recovery of coral reefs following exposure to oil and dispersants.

Goreau, T. F. (1959). The ecology of Jamaican coral reefs. I. Species composition and zonation. Ecology, 40, 67-90. 
This paper, the first of a series, is intended to serve as a descriptive introduction of the corals of Jamaica, and to give the results of a preliminary survey of zonation and growth forms of scleractini- an populations on Jamaican reefs

Goreau, T. F. & Goreau, N. I. (1973). The ecology of Jamaican coral reefs. II. Geomorphology, zonation, and sedimentary phases. Bulletin of Marine Science, 23, 399-464.
The coral reef ecosystem is seen as a specialized chemical environment converting dissolved calcium carbonate ions into insoluble calcitic and aragonitic calcium carbonate. The movement of the calcareous material is a potent dynamic factor in the morphogenesis of the coral reefs. There is a precarious balance between accretion and ablation in the system. This paper is concerned with the sedimentary phases of the calcareous biota and the initial patterns of distribution and deposition of the calcareous material within the reefs, and not with the long-term depositional changes induced by erosion, diagenesis, and lithification.The calcareous material is deposited into two distinct phases: a rigid framework (built by primary hermatypes) and a clastic framework (contributed by secondary hermatypes). The reef builders, fillers, and cementers are eventually sediment producers.The unconsolidated skeletal remains of hermatypes make (mostly due to fragmentation) ramparts of imbricated shingles in the reef crest and land-ward side. In the deeper seaward slope, the corals produce talus cones (by steady biodegradation of corals or by gravitational slump). Silty and muddy sediments accumulate on the fore-reef slope; outcrops and pinnacles there support a rich diverse biota.The hermatypic calcareous algae are significant sediment producers. There is a relation of algal generic diversity to the available substrate. The lithophytes are present at greater depths than the psammophytes. In the fore reef, Halimeda constitutes about 80 per cent of the algal debris. Remains of Halimeda form the largest single part of the total carbonate produced in the whole reef. It is suggested that algal populations should be assessed by their turnover rates, rather than by species diversity or biomass.The main structural and biotic zones with their depth ranges and local variabilities are summarized.

C.A. Grace-McCaskey (2012). Development of Indicators for Measuring Effects of Human Activities on U.S. Pacific Coral Reefs. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 22a.
Over the past 20 years, it has become increasingly clear that coral reefs are some of the most threatened ecosystems in the world. It is now generally accepted that humans impact reefs in a variety of ways, ranging from fishing and land development to anthropogenic climate change, and current research has begun to examine the intricacies of the relationships between anthropogenic factors and coral reef health. This paper describes current research to develop human dimensions data that can be synthesized with coral reef biophysical data to measure human impacts on coral reefs throughout the U.S. Pacific. Some of the challenges inherent in this research are how to characterize and compare coral reef fisheries across the region using the small amount of available fisheries data while taking into consideration the larger social, political, and historical context in which these fisheries are embedded. While it is important to understand the overarching trends and commonalities across coral reef fisheries so that management strategies can address conservation concerns in a consistent manner, we need to be able to advise managers on ways to incorporate knowledge of local human interactions with coral reef ecosystems and involve the institutions that manage them at a local scale.
Graham, N. A. J., Nash, K. L., & Kool, J. T. (2011). Coral reef recovery dynamics in a changing world. Coral Reefs, 30, 283-294. 

 Coral reef ecosystems are degrading through multiple disturbances that are becoming more frequent and severe. The complexities of this degradation have been studied in detail, but little work has assessed characteristics that allow reefs to bounce back and recover between pulse disturbance events. We quantitatively review recovery rates of coral cover from pulse disturbance events among 48 different reef locations, testing the relative roles of disturbance characteristics, reef characteristics, connectivity and anthropogenic influences. Reefs in the western Pacific Ocean had the fastest recovery, whereas reefs in the geographically isolated eastern Pacific Ocean were slowest to recover, reflecting regional differences in coral composition, fish functional diversity and geographic isolation. Disturbances that opened up large areas of benthic space recovered quickly, potentially because of nonlinear recovery where recruitment rates were high. The type of disturbance had a limited effect on subsequent rates of reef recovery, although recovery was faster following crownof- thorns starfish outbreaks.

Graham, N. A. J. & et al (2011). From microbes to people: Tractable benefits of no-take areas for coral reefs. Oceanography and Marine Biology: an Annual Review, 49, 105-136. 

The number of no-take marine protected areas (here referred to as no-take areas, NTAs) on coral reefs has increased considerably in recent decades. Coincident with accelerating degradation of coral reefs, expectations of the benefits that NTAs can provide for coastal societies and sustainability of marine ecosystems has grown. These include increasing abundance of reef organisms both inside and outside NTAs, protecting key ecosystem functions, and providing social and economic benefits through improved fisheries and tourism. However, there is a lack of convincing evidence for many of these expectations. This is the first attempt to synthesize all potential costs and benefits of coral reef NTAs and critically examine evidence of their impacts on both ecosystems and societies. NTAs with high compliance consistently increase the diversity, density and biomass of exploited reef fishes and certain groups of motile invertebrates within their boundaries and have benefits for reef-associated tourism. Some NTAs provide small increases in the abundance of corals and decreases in macroalgal cover. The effects of NTAs on genetic diversity and connectivity among meta-populations are variable or as yet unquantified. There is limited evidence of NTAs providing social benefits through increased fishery yields and tourism revenue. There are examples of both positive and negative effects on social well-being. Finally, sharks, marine megafauna and microbial communities showed few tangible benefits from NTAs. Substantial gaps in the science of coral reef NTAs remain, especially in their capacity to provide socioeconomic benefits. A crucial research priority is understanding how the cumulative effects of climate change will influence the various benefits that NTAs provide. To be effective, NTAs must be used in conjunction with a range of other management tools and applied according to local environmental and societal contexts.

Gramer, L.J., Mariano, A.J., Hendee, J.C. (2012). Heat budget for Florida reefs: Reef-scale thermal stress via satellite. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13.4A
Variability in multi-decadal records of hourly mean in situ sea temperature at shallow water sites in

the Florida reef tract (FRT) is analyzed. Tidal, diurnal, and annual periodicities generally dominate, with both

“weather-band” and inertial-period variability apparent at different sites. An ocean heat budget is estimated for

an 11-year period based on these data, atmospheric reanalysis, satellite sea-surface temperature fields, an

operational surface wave model, and estimates of heat exchange with the seafloor substrate. Coincident in situ

meteorological data were used to estimate errors in the budget. A term for a sub-kilometer scale dynamic

process, so-called horizontal convection or the thermal siphon is found to be necessary to balance the heat

budget. Results are also very sensitive to the assumed rate of shortwave radiation absorption in the water

column. Applications for improved remote sensing of benthic thermal stress at topographically complex coral

reefs are briefly outlined.
Green, D. H., Edmunds, P. J., & Carpenter, R. C. (2008). Increasing relative abundance of Porites astreoides on Caribbean reefs mediated by an overall decline in coral cover. Marine Ecology Progress Series, 359, 1-10. 
On most coral reefs, the percentage cover of scleractinian corals has declined greatly over the last

30 yr; some species that are more resistant to mortality have been less affected than others. Porites astreoides is one species that has become a more prominent component

of coral reef communities throughout the Caribbean. Analyses of coral reefs in shallow water

(5 to 6 m depth) at 6 locations spanning a 4100 km arc of the Caribbean were used to evaluate the contributionof P. astreoides to contemporary reefs. Photoquadrats recorded in 2003/2004 were used to estimate the percentage cover and colony density of P. astreoides, and colony size-frequency structure was analyzed to gain insight into demographic processes. At all locations, reefs were characterized by <15% coral cover, but 16 to 72% of this cover was P. astreoides, at mean densities of 1.76 colonies per

0.25 m2. Most of these colonies (62%) were ≤50 cm2 in size, demonstrating that the populations were young and influenced strongly by recruitment. Comparison to historical data collected between 1974 and 1992 suggests that the relative percentage cover of P. astreoides in shallow water reef habitats has increase at a rate of 1.5% yr–1, from <20% in the 1970s to 50% in 2003/2004. These findings indicate that community structure of Caribbean coral reefs is changing on a decadal time scale to become dominated by ‘weedy’ corals that form rapidly growing, small colonies thatare short lived and quickly replaced.

Green S.J, Akins J.L, Maljkovic, A., Cote, I.M. (2012) Invasive Lionfish Drive Atlantic Coral Reef Fish Declines. PLoS ONE 7(3): e32596. doi:10.1371/ journal.pone.0032596

Indo-Pacific lionfish (Pterois volitans and P. miles) have spread swiftly across the Western Atlantic, producing a marine predator invasion of unparalleled speed and magnitude. There is growing concern that lionfish will affect the structure and function of invaded marine ecosystems, however detrimental impacts on natural communities have yet to be measured. Here we document the response of native fish communities to predation by lionfish populations on nine coral reefs off New Providence

Island, Bahamas.We assessed lionfish diet through stomach contents analysis, and quantified changes in fish biomass through visual surveys of lionfish and native fishes at the sites over time. Lionfish abundance increased rapidly between 2004 and 2010, by which time lionfish comprised nearly 40% of the total predator biomass in the system. The increase in lionfish abundance coincided with a 65% decline in the biomass of the lionfish’s 42 Atlantic prey fishes in just two years. Without prompt action to

control increasing lionfish populations, similar effects across the region may have long-term negative implications for the structure of Atlantic marine communities, as well as the societies and economies that depend on them.

Greenberg, I. &. J. (1977). Waterproof guide to corals & fishes of Florida, the Bahamas and the Caribbean. Miami, FL: Seahawk Press. 
This waterproof pocket guide includes coral & fishes found in Florida, Bahamas and the Caribbean, 64 page book, can accompany you not only on the land portion of your vacation but in the water as well. The book contains excellent information on the corals and fishes in these regions. Information presented is easy for the reader to relate written in more of a conversational style. The artwork of each animal is detailed so the snorkeler can easily identify the marine animal they ave spotted. Great reference book with a plethora of information. The guide measures 6 inches in length and 4.5 inches in width and fits nicely in a snorkeling vest pocket.

Greene, L. E. & Alevizon, W. S. (1989). Comparative accuracies of visual assessment methods for coral reef fishes. Bullein of Marine Science, 44, 899-912. 
 
Four methods of visually assessing reef fish assemblages were compared in the "Living Seas" at Epcot Center to determine proportionate abundance.

Greenfield, D. W., Hensley, D., Wiley, J. W., & Ross, S. T. (1970). The Isla Jaltemba coral formation and its zoogeographical significance. Copeia, 1970, 180-181.
A preliminary survey of the marine fishes of the coast of the State of Nayarit, on the west coast of Mexico, conducted during March 1967 revealed the presence of a well developed coral formation on the leeward side of Isla Jaltemba, which is located one-half mile offshore, about 25 miles south of San Blás. Large expanses of coral are extremely rare in the eastern tropical Pacific, especially on the west coast of Mexico (Walker, 1960). Although stony corals are present on the offshore islands such as Clipperton (Sachet. 1962) and the Cabo San Lucas area, large areas of coral are characteristically Jacking on the mainland areas south of Maratlán, where only small patches may be found. Correlated with this is the lack of typical coral reef fish faunas and the presence of forms like the croakers of the family Sciaenidae and the marine catfishes of the family Ariidae, which are ecologically adapted to mud and sand bottom environments (Walker, 1960). A second trip to Isla Jaltemba in April 1968 provided an opportunity to investigate further the fish fauna of the coral formation. One week of collecting using spear, slurpgun, and poison yielded seven coral reef species which were either circumtropical or Indo-Pacific forms. These species may he divided into two categories, those which appear to be coral limited and are essentially absent from the mainland, and those which apparently prefer coral areas but have been taken in other areas along the mainland. Included in the first category are Acanthurus glaucoparcius and Zanclus cornutus. The Indo-Pacific surgeonfish A. glaucopareius was observed many times over the reef. Photographs of this species were obtained but no specimens were collected.
Griffith , G.P., et al. (2012).Predicting Interactions among Fishing, Ocean Warming, and Ocean Acidification in a Marine System with Whole-Ecosystem Models. Conservation Biology, (26) ( 6)., 1145–1152.
An important challenge for conservation is a quantitative understanding of how multiple human stressors will interact to mitigate or exacerbate global environmental change at a community or ecosystem level. We explored the interaction effects of fishing, ocean warming, and ocean acidification over time on 60 functional groups of species in the southeastern Australian marine ecosystem. We tracked changes in relative biomass within a coupled dynamic whole-ecosystem modeling framework that included the biophysical system, human effects, socioeconomics, and management evaluation. We estimated the individual, additive, and interactive effects on the ecosystem and for five community groups (top predators, fishes, benthic invertebrates, plankton, and primary producers). We calculated the size and direction of interaction effects with an additive null model and interpreted results as synergistic (amplified stress), additive (no additional stress), or antagonistic (reduced stress). Individually, only ocean acidification had a negative effect on total biomass. Fishing and ocean warming and ocean warming with ocean acidification had an additive effect on biomass. Adding fishing to ocean warming and ocean acidification significantly changed the direction and magnitude of the interaction effect to a synergistic response on biomass. The interaction effect depended on the response level examined (ecosystem vs. community). For communities, the size, direction, and type of interaction effect varied depending on the combination of stressors. Top predator and fish biomass had a synergistic response to the interaction of all three stressors, whereas biomass of benthic invertebrates responded antagonistically.

With our approach, we were able to identify the regional effects of fishing on the size and direction of the interacting effects of ocean warming and ocean acidification.
Grigg, R. (2008). The Darwin Point: a conceptual and historical review. Proc.Of the 11th International Coral Reef Symposisum, 56. 
The term "Darwin Point" is defined as the geographic or depth limit (threshold) beyond or below which coral reefs drown. Reef drowning occurs when net production of CaCO3 or vertical accretion of the reef no longer keeps up with relative sea level. If sea level is rising very fast, then reef drowning can occur even if there is very low vertical accretion. If present ecological conditions were to change, due to a rise or fall in sea-level, geophysical uplift or subsidence, or Global Climate Change, the geographic location or depth limit of a Darwin Point would also change. In this paper, the history of the Darwin Point concept is reviewed and several examples are given of reefs and atolls that have drowned having exceeded a Darwin Point threshold. Such appears to be the case for: 1) guyots beyond the northwestern end of the Hawaiian Archipelago, 2) atolls that crossed equatorial latitudes due to plate movement in the Pacific during Cretaceous Time, and 3) many drowned reefs extant at the present time; a result of sea-level rise since the last Glacial Maximum 21,000 years ago.

Grigg, R. W. (1979). Precious corals: Hawaii's deep-sea jewels. National Geographic Magazine, 155, 719-732.
Grol, M. G. G., Dorenbosch, M., Kokkelmans, E. M. G., & Nagelkerken, I. (2008). Mangroves and seagrass beds do not enhance growth of early juveniles of a coral reef fish. Marine Ecology Progress Series, 366, 137-146.
Mangroves and seagrass beds have long been considered important nursery grounds

for various species of juvenile reef fishes due to their higher abundances in these habitats compared

to coral reefs. It is assumed that these putative nurseries provide juveniles with more shelter, higher

food availability and higher growth and survival rates than on the reef. However, this nursery function is still ambiguous, and few experimental field studies have tested this hypothesis in these tropical habitats. In the present study, the growth rate of juvenile Haemulon flavolineatum and the availability of its preferred food were determined in seagrass, mangrove and coral reef habitats. It was hypothesized that somatic growth rates as well as the amount of preferred food are higher within these putative nurseries than on the reef (according to the nursery hypothesis). The growth of small juveniles (3.5 to 4.2 cm total length, TL) was studied at 2 Caribbean islands using in sit experimental growth cages. Gut content analysis of the caged fishes showed that Copepoda were by far the most consumed food items by juveniles in all 3 habitats. Copepoda in the plankton samples were more abundant on the reef than in the mangrove/seagrass habitats. Growth rates of fishes showed the same pattern: higher growth rates in length and weight (significant for Aruba, a trend for

Curaçao), and a higher weight–length ratio on the reef compared to the mangrove/seagrass habitats.

Based on these observations it appears that the coral reef would be a more suitable habitat for small

juveniles, when not taking other factors such as predation risk into account. Nevertheless, the

highest juvenile fish abundances are found in mangrove/seagrass nurseries where predation risk, but

also growth rate, is lower. Therefore, it appears that a tradeoff exists between food abundance/

growth rate and predation pressure/mortality risk, where fish select habitats that minimise the ratio

of mortality risk to growth rate.
Grorud-Colvert, K. & Sponaugle, S. (2006). Influence of condition on behavior and survival potential of a newly settled coral reef fish, the bluehead wrasse Thalassoma bifasciatum. Marine Ecology-Progress Series 327, 279-288.  

 For newly settled coral reef fishes, survival advantages may be associated with specific early life history traits or condition levels that lead to differences in behavior. To identify physiological and behavioral characteristics associated with different condition levels, bluehead wrasse Thalassoma bifasciatum recruits were collected immediately after settlement from reefs in the upper Florida Keys, USA, and transported to the laboratory for experimental analysis. Quantification of swimming capabilities was coupled with otolith analysis to identify early life history traits associated with swimming performance, Fish with the highest critical swimming speeds were those that grew faster as larvae, had shorter pelagic larval durations, and were smaller at settlement, although these individuals represented only 10% of the total sample. To further investigate condition-associated behaviors, a feeding treatment established fish of 2 different condition levels for comparison. Recruits fed for 1 wk at higher levels grew faster, had greater standardized weight (Fulton's condition factor), and swam faster than food-deprived recruits. In additional behavioral trials, high condition recruits evaded a simulated predator threat at faster speeds than the low condition recruits. High condition fish also exhibited less risk-taking behavior by sheltering more in the presence of a predator threat and consuming less food. For both high and low condition recruits, the number that sought shelter increased and food consumption rates decreased in the presence of a predator threat. These results link early life history traits and physiology with associated condition-based differences in behavior, likely underlying the observation that mortality in T. bifasciatum is frequently selective for condition.
Gulko, D. (1995). Effects of ultraviolet light on fertilization and production of planula larvae in the Hawaiin coral Fungi scutaria (Rep. No. 41). Kane'ohe, Hawaii: Sea Grant. 


Solar irradiation, specifically within the ultraviolet (UV) range, has been implicated in a variety of effects on corals, but little work has been done on its effects on coral gametes or the resulting planula larvae. Gametes and planula larvae produced by the evening-spawning Hawaiian coral Fungia scutaria were exposed to levels of artificial irradiation comparable to daily solar values. Viable planulae production was compared among different irradiation treatments (Full solar (UV-B, UV-A, & PAR), UV-A & PAR, PAR only (no UV), and Dark (no solar irradiation)). Effect of UV exposure was more pronounced on the F. scutaria sperm than it was on the eggs or planulae. A strong indication of UV damage was the significant decrease of viable planulae resulting from fertilization with UV-B-exposed sperm. Previous ideas regarding the evolution of nocturnal spawning in corals must be re-evaluated in light of these results (DBO).

Gundermann, N. & Popper, D. (1975). Some aspects of recolonization of coral rocks in Eilat (Gulf of Aqaba) by fish populations after poisoning. Marine Biology, 33, 109-117. 
As a result of an accident, a limited strip of the coast of Eilat (Gulf of Aqaba, Red-Sea) was affected by poison that killed all fishes. The area was observed monthly for the following year, to study the recovery of fish populations. The study also included observations on growth rate of fish and size of populations. Recovery of fish populations was complete 10 to 12 months after the poisoning. It is believed that this is due to the relatively small size of the contaminated area and the survival of most invertebrates that constitute an important part of the biotope of the fish.
Hagan. A. B. (2012).Effectiveness of Different Levels of Management on Three Belizean MPAs. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-1318A.

Coral reefs worldwide are degrading at an accelerated rate. Coupled with predictions of near-future

climate change, increased coastal development and increased dependence on reef resources, the future for coral

reefs looks bleak. The need for improved management is paramount in order to preserve reefs for the future.

Belize hosts the longest barrier reef in the Western Hemisphere, which forms part of the Mesoamerican Reef

(MAR) system. In addition to climate change threats, localized risks to reefs within this area include overfishing,

coral disease, and coastal and caye development. An effective network of marine reserves with good

connectivity between sites is essential. Marine Protected Areas have the ability to act as ‘stepping stones’

allowing larval supply and dispersal from one region to another. Southern Environmental Association comanages

3 Marine Protected Areas within the Southern Belize Reef Complex; Laughing Bird Caye National

Park (LBCNP), Gladden Spit and Silk Cayes Marine Reserve (GSSCMR) and Sapodilla Cayes Marine Reserve

(SCMR). The three reserves exhibit a gradient in their level of protection, ranging from a fully protected notake

national park, to a marine reserve with established zoning, to a marine reserve with new zoning that has

only been enforced since 2010. Abundance and size data for commercially important species (lobster and

conch) is presented and recent historical trends are displayed over time in order to show the effectiveness of the

differing levels of management. The future of these southern Belize reef ecosystems is considered in the contextof future threats and potential management strategies.
Hall-Spencer, J., A. Rogers, J. Davies, and A. Foggo. 2007. Deep-sea coral distribution on seamounts, oceanic islands, and continental slopes in the Northeast Atlantic. Bulletin of Marine Science 81(Supplement 1): 135-146.
A database of deep-water (&gt; 200 m) antipatharians, scleractinians, and gorgonians has been assembled for the NE Atlantic to  determine what their distribution and diversity was before coral habitats became 
heavily impacted by bottom fishing gear. Benthic sampling expeditions from  1868-1985 have provided 2547 records showing the deepwater distribution of 22  species of antipatharians, 68 species of scleractinians, and 83 species of  gorgonians with the majority of records found from seamounts, oceanic islands,  and the continental slope of the warm temperate region. Too little is known  about the coral biota of boreal and tropical seamounts to assess their levels of  endemism, but on seamounts in the warm temperate region of the NE Atlantic the  level endemism in antipatharian, scleractinian and gorgonian corals is low (&lt;  3%). Many of the species found on seamounts are characteristic of oceanic  islands in this region and the oceanic islands have a significantly different  coral fauna to that recorded at the same depths on the continental slope. Given  the key role that corals can play in structuring deep-sea habitats it is hoped that our database will help inform the development of a network of marine  protected areas to provide long-term protection for the differing communities  found on continental slopes and isolated offshore habitats. 

Halley, R. & et al (2005). Habitat Characterization of Pulley Ridge and the Florida Middle Grounds Final Report to the National Oceanic and Atmospheric Administration Coral Reef Conservation Grant Program (Rep. No. CRCG 2002). NOAA. 
Hamilton, R.J., Potuku, T., Montambault, J.R. (2011) Community-based conservation results in the recovery of reef fish spawning aggregations in the Coral Triangle. Biological Conservation 144, 1850–1858.

In the Coral Triangle community-based marine protected areas (MPAs) are being established at a prolific

rate. Their establishment can benefit both fisheries and biodiversity, and they provide both a socially and

economically acceptable means of managing coral reefs in developing nations. However, because such

MPAs are typically small (usually <0.5 km2), they will rarely provide protection to large mobile fishes.

An exception to this limitation may exist when community-based MPAs are established to protect small

sites where vital processes occur, such as fish spawning aggregations (FSAs). To test the effectiveness of

small (0.1–0.2 km2) MPAs for protecting FSAs, we monitored three FSA sites where brown-marbled

grouper (Epinephelus fuscoguttatus), camouflage grouper (Epinephelus polyphekadion) and squaretail coralgrouper (Plectropomus areolatus) aggregate to spawn. Sites were monitored during peak reproductive

periods (several days prior to each new moon) between January 2005 and November 2009. All three sites

are located in New Ireland Province, Papua New Guinea, and had been exploited for decades, but in 2004

two sites were protected by the establishment of community-based MPAs. The third site continued to be

exploited. Over the monitoring period densities of E. fuscoguttatus and E. polyphekadion increased at both

MPAs, but not at the site that remained open to fishing. At one MPA the densities of E. polyphekadion

increased tenfold. Our findings demonstrate that community-based MPAs that are appropriately

designed and adequately enforced can lead to the recovery of populations of vulnerable species that

aggregate to spawn.
Hannak, J. S. & et al (2011). Snorkelling and trampling in shallow-water fringing reefs: Risk assessment and proposed management strategy. Journal of Environmental Management, 92, 2723-2733. 

Shallow reefs (reef flats <1.5m) in the northern Red Sea are impacted by growing tourism that includes swimmers, snorkelers and reef walkers but have largely been neglected in past studies. We selected a fringing reef along the lagoon of Dahab (Sinai, Egypt) as a model for a management strategy. Point-intercept line transects were used to determine substrate composition, coral community and condition, and the coral damage index (CDI) was applied. Approximately 84% of the coral colonies showed signs of damage such as breakage, partial mortality or algal overgrowth, especially affecting the most frequent coral genus Acropora. Questionnaires were used to determine the visitors' socio-economic background and personal attitudes regarding snorkeling, SCUBA-diving and interest in visiting a prospective snorkeling trail. Experiencing nature (97%) was by far the strongest motivation, and interest in further education about reef ecology and skill training was high. Less experienced snorkelers and divers – the target group for further education and skill training – were those most prepared to financially support such a trail. We therefore recommend a guided underwater snorkeling trail and restricting recreational use to a less sensitive 'ecotourism zone' while protecting the shallow reef flat. Artificial structures can complete the trail and offer the opportunity to snorkel over deeper areas at unfavorable tide or wind conditions. This approach provides a strategy for the management and conservation of shallow-water reefs, which are facing increasing human impact here and elsewhere.

Hargreaves-Allen, V., Mourato, S., & Milner-Gulland, E. J. (2011). A global evaluation of coral reef management performance: Are MPAs producing conservation and socio-economic improvements? Environmental Management, 47, 684-700. 

There is a consensus that Marine Protected Area (MPA) performance needs regular evaluation against clear criteria, incorporating counterfactual comparisons of ecological and socio-economic performance. However, these evaluations are scarce at the global level. We compiled self-reports from managers and researchers of 78 coral reef-based MPAs world-wide, on the conservation and welfare improvements that their MPAs provide. We developed a suite of performance measures including fulfillment of design and management criteria, achievement of aims, the cessation of banned or destructive activities, change in threats, and measurable ecological and socio-economic changes in outcomes, which we evaluated with respect to the MPA's age, geographical location and main aims. The sample was found to be broadly representative of MPAs generally, and suggests that many MPAs do not achieve certain fundamental aims including improvements in coral cover over time (in 25% of MPAs), and conflict reduction (in 25%). However, the large majority demonstrated improvements in terms of slowing coral loss, reducing destructive uses and increasing tourism and local employment, despite many being small, underfunded and facing multiple large scale threats beyond the control of managers. However spatial comparisons suggest that in some regions MPAs are simply mirroring outside changes, with demonstrates the importance of testing for additionality. MPA benefits do not appear to increase linearly over time. In combination with other management efforts and regulations, especially those relating to large scale threat reduction and targeted fisheries and conflict resolution instruments, MPAs are an important tool to achieve coral reef conservation globally. Given greater resources and changes which incorporate best available science, such as larger MPAs and no-take areas, networks and reduced user pressure, it is likely that performance could further be enhanced. Performance evaluation should test for the generation of additional ecological and socio-economic improvements over time and compared to unmanaged areas as part of an adaptive management regime.

Harmelin-Vivien, M. L. & Bouchon-Navaro, Y. (1983). Feeding diets and significance of coral feeding among chaetodontid fishes in Moorea (French Polynesia). Coral Reefs, 2, 119-127. 
The feeding diets of 18 Chaetodontid fishes from a coral reef of Moorea (French Polynesia) were studied by quantitative analysis of their stomach contents. Three major types of feeding behaviours were distinguished. Sixteen species essentially ingested coral polyps. Among these species, 5 were exclusive coral browsers and the others displayed more heterogeneous diets. One species was a plankton feeder and the other consumed benthic invertebrates other than corals. The importance of coral consumption on the reef by Chaetodontid fishes was estimated knowing the feeding diets and density of species in the various biota. Moreover, the species which were previously observed as quantitatively dominant in the different reef zones, were found to be exclusive coral browsers. Besides, the proportion between obligative and facultative coral feeders was found to be relatively constant on the reef, emphasizing that a balance is established among the Chaetodontid species occupying the same habitat for the resource partitioning.

Harmelin-Vivien, M. L., Peyrot-Clausade, M., & Romano, J. C. (1992). Transformation of algal turf by echinoids and scarid fishes on French Polynesian coral reefs. Coral Reefs, 11, 45-50.
The respective roles of regular echinoids and scarid fishes in the transformation of turf algae, the main food resource for reef herbivores, were investigated on French Polynesian coral reefs. The role of one species of parrotfish ( Scarus sordidus) was compared with that of four species of echinoids. The degree and ways of degradation of the algal matter were determined by the organic matter percentage, the composition of the sugar fraction, and the concentration and composition of chlorophylltype pigments as assayed by HPLC analysis. Chemical analyses were performed on anterior and posterior intestines for scarids, intestinal contents and faeces for echinoids, and on fresh algal turf as a control of initial food quality. A decrease in mean percentage of organic matter in gut content was observed from intestine (9.7%) to faeces (7%) in sea urchins, but not in parrotfishes. The total sugar fraction decreased from fresh algal turf (32% of total organic matter) to echinoid (28%) to scarid (18%) gut contents. The ratio of insoluble to soluble sugars (I/S ratios) was higher in echinoids (2.6) than in scarid gut contents (1.0). A decrease in the total pigment concentration was measured from fresh algal turf to echinoid and it was found to be even lower in scarid gut contents. Chromatograms showed that the composition of chlorophyll-type pigments in scarid intestines was very similar to fresh algal turf, with a dominance of native forms, mainly chlorophyll a and b. On the contrary, degraded pigment forms dominated in echinoids. The main degraded products were pheophorbides in sea urchins, and chlorophyllides in parrotfishes. These results provided evidence for differentiation in digestive processes occurring in the two types of grazers. Echinoids released higher degraded algal material than did scarids. Thus, these two types of grazers play different roles in the recycling of organic matter on coral reefs.

Harriott, V. J. & Fisk, D. A. (1987). A comparison of settlement plate types for experiments on the recruitment of scleratinian corals. Marine Ecology - Progress Series, 37, 201-208. 
Eight substratum types, covering the range normally used for experiments on recruitment of scleractinian corals, were compared for cost, convenience, ability to attract recruits, and taxonomic composition of recruits. Plates varied significantly in number and types of recruits, indicating that studies utlizing different types of settlement surfaces cannot be compared directly to one another. Recruitment patterns also varied between forereef and backreef study sites, adding to the growing list of factors that contribute to variability in scleractinian recruitment.
Harter, S., David, A., & Ribera, M. (2008). Survey of coral and fish assemblages on Pulley Ridge, SW Florida: A report to the Gulf of Mexico Fishery Management Council   Panama City Laboratory: NOAA Fisheries, Southeast Fisheries Science Center. 
The coral reef community covering Pulley Ridge is the deepest known light-dependent coral reef on the US continental shelf. Located off the southwest coast of Florida, the ridge is a drowned barrier island colonized by several species of hermatypic coral and a fish community comprised of both deep and shallow water species. Pulley Ridge has been designated a habitat area of particular concern (HAPC) due to the presence of these coral formations. The Gulf of Mexico Fishery Management Council (GMFMC) has expressed concerns over ongoing damage to the habitat by fishing operations and is considering additional protective measures. The primary goals of this project were to determine the extent of scleractinian corals, especially Agaricia spp. as it is the most abundant hermatypic coral on the ridge, and examine fish diversity on the Pulley Ridge formation. The principle gear used to examine habitat and the fish community was a remotely operated vehicle (ROV), while the secondary gear used was a stationary camera array. Cruises in August 2007 and April 2008 resulted in 19 ROV dives and 12 camera array drops. There was a distinct difference in habitat between northern and southern Pulley Ridge, which resulted in distinct fish community compositions between the areas as well. Habitat to the north of the HAPC was characterized as one of three habitats: sand, pavement, and low relief outcrops, the latter two displaying varying degrees of live bottom coverage including several species of sessile and encrusting invertebrates and algae. The habitat in the southern area of Pulley Ridge was characterized as rock rubble with varying coverage of algae, coralline algae, hermatypic corals, solitary and encrusting sponges, octocorals, and antipatharians. Fish diversity was highest in southern Pulley Ridge on the rock rubble habitat. Sand tilefish (Malacanthus plumieri) mounds and red grouper (Epinephelus morio) pits were common in southern Pulley Ridge. Agaricia spp. was only observed in the southern portion of Pulley Ridge both inside and outside the HAPC in depths between 61.3 and 89.0 m. Results from this study will be valuable to the GMFMC in making future effective management decisions. 

Harter, S. & David, A. (2010). Survey of coral and fish assemblages on Pulley Ridge, SW Florida, Year 3:  A report to the Gulf of Mexico Fishery Management Council (February 2010) Panama City: NOAA.

The coral reef community covering Pulley Ridge is the deepest known light-dependent coral reef on the US continental shelf. Located off the southwest coast of Florida, the ridge is a drowned barrier island colonized by several species of hermatypic coral and a fish community comprised of both deep and shallow water species. Pulley Ridge has been designated a habitat area of particular concern (HAPC) due to the presence of these coral formations. The Gulf of Mexico Fishery Management Council (GMFMC) has expressed concerns over ongoing damage to the habitat by fishing operations and is considering additional protective measures. The primary goals of this project were to determine the extent of scleractinian corals, especially Agaricia spp. as it is the most abundant hermatypic coral on the ridge, and examine fish diversity both inside and outside the HAPC. A remotely operated vehicle (ROV) was used to complete 14 dives in September 2009 to examine habitat and the fish community. As seen in years before, there was a distinct difference in habitat inside and outside the HAPC, which resulted in distinct fish community compositions between the areas as well. With the exception of one site, habitat outside the HAPC was characterized as one of four types: sand, pavement, low relief outcrops, and moderate relief outcrops, the latter three displaying varying degrees of live bottom coverage including several species of sessile and encrusting invertebrates and algae. Habitat inside the HAPC as well as one site to the west of the HAPC was characterized as rock rubble with varying coverage of algae, coralline algae, hermatypic corals, solitary and encrusting sponges, octocorals, and antipatharians. Sand tilefish (Malacanthus plumieri) mounds and red grouper (Epinephelus morio) pits were common in this area. Fish diversity was highest inside the Pulley Ridge HAPC on rock rubble habitat. While grouper abundances were low inside the HAPC, diversity of grouper species was the highest there along with moderate relief outcrop habitat observed outside the HAPC. Agaricia spp. was only observed on rock rubble habitat at depths between 62 and 69 m, almost exclusively inside the HAPC, with the exception of a single observation to the west of the HAPC. Results from this study will be valuable to the GMFMC in making future effective management decisions. 

Harvey, K. D. & Campbell, M. D. Bibliography of Quintana Roo Coral Reefs and Nearshore Environments, Eastern Yucatan Peninsula, Mexico.  
Hatcher, B. G. & Larkum, A. W. D. (1983). An Experimental Analysis of Factors Controlling the Standing Crop of the Epilithic Algal Community on a Coral Reef. Ecology, 69, 61-84. 
The hypotheses that grazing losses and/or ambient inorganic nitrogen concentrations control the standing crop of the epilithic algal community were tested in two habitats at One Tree Reef (Great Barrier Reef, Australia). Short (12–15 days) and long (167–306 days) multifactorial experiments using grazer exclusion and nitrogen fertilization treatments were used to partition variance in algal community biomass on portable segments of natural reef substratum during 1980. On outer reef slopes, inorganic nitrogen limited algal community growth, but the standing crop was determined by grazing losses. In the subtidal lagoon inorganic nitrogen and grazing alternated seasonally in controlling standing crop. The recolonization of cleared natural substratum was followed at two additional sites. The algal standing crop in subtidal habitats reached control levels within 4 months, while that in an intertidal reef habitat took up to 14 months. The standing crop of benthic algae on natural reef substrata was monitored in all habitats over 2 yr. In shallow and intertidal habitats, the standing crop was three to five times higher than in deeper areas, and showed a spatial and seasonal variation apparently controlled by factors other than grazing intensity, despite high levels of yield to grazers. Seasonal variation was much less in subtidal habitats. It is concluded that only within limited temporal and spatial scales is grazing intensity alone an adequate predictor of benthic algal standing crop.

Hatcher, B. G. & Rimmer, D. W. (1985). The Role of Grazing in Controlling Benthic Community Structure on a High Latitude Coral Reef: Measurements of Grazing Intensity. Proceedings of the 5th Annual Coral Reef Symposium, 6, 229-236. 


The impact of algae grazing on benthic corals is studied off the coast of western Australia.
Hatcher, B. G. (1999). Varieties of science for coral reef management. Coral Reefs, 18, 305-306.

Haussermann, V. and G. Forsterra. 2007. Large assemblages of cold-water corals in Chile: a summary of recent findings and potential impacts. Bulletin of Marine Science 81(Supplement 1): 195-207. 

Basic data on distribution, composition, and size of coral communities are extremely scarce for the Southeast Pacific. With only 23 known species of azooxanthellate Scleractinia, 12 antipatharians, 13 hydrocorals, and approximately 10-15 gorgonians, Chilean coral fauna have been considered to be rather poor. Contradictory to this assumption, recent studies record extensive, diverse, and hitherto unknown coral communities in shallow water of the Chilean fjord region. The distribution of stony corals was mapped along bathymetric and horizontal transects within the Comau Fjord (42°30?S), as well as along east-west and north-south transects in large parts of the Chilean fjord region (42°S-55°S). Habitat-forming hydrocoral (Errina antarctica Gray, 1872) and gorgonian communities were documented from shallow waters. In addition, we provide a list of coral species that were accidentally sampled as bycatch of fisheries on demersal species. Seven of the 23 Chilean scleractinians have been added through these recent findings; two of them have recently been described. Five of the antipatharians represent newly added records for Chile with one new species included. These numbers indicate that the diversity and abundance of cold-water corals in Chile might be much higher than previously assumed. Based on the findings, we discuss potential threats and protection measures for these newfound communities.

Hay, M. E. (1983). Between Habitat Differences in Herbivore Impact on Caribbean Coral Reefs (Rep. No. 1). Washington D.C.: University of MD. 


Transplanted sections of the seagrass Thalassia testudinum  were used as a bioassay to assess between-habitat differences on herbivory on three Caribbean reefs.

Hay, M. E. (1984). Patterns of Fish and Urchin Grazing on Caribbean Coral Reefs: Are Previous Results Typical? Ecology, 65, 446-454. 

Strips of seagrass, Thalassia testudinum were used in a field bioassay to assess herbivory on 11 coral reefs in the Caribbean.
Hayes, J. A. (1990). Prey preference in a Caribbean Corallivore, Coralliophila Abbrevita (Lamarck) (Gastropoda, Coralliophilidae). Bulletin of Marine Science, 47, 557-560. 

A series of controlled preference tests were done in naturalistic conditions in order to clarify the feeding ecology of C. abbreviata on various corals.

He, H. et al.(2012). Measuring reef complexity and rugosity from monocular video bathymetric reconstruction, Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-135D
Topographic structural complexity of a reef is highly correlated to coral growth rates, coral cover and

overall levels of biodiversity, and is therefore integral in determining ecological processes. Modeling these

processes commonly includes measures of rugosity obtained from a wide range of different survey techniques

that often fail to capture rugosity at different spatial scales. Here we show that accurate estimates of rugosity

can be obtained from video footage captured using underwater video cameras (i.e., monocular video). To

demonstrate the accuracy of our method, we compared the results to in situ measurements of a 2m x 20m area of

forereef from Glovers Reef atoll in Belize. Sequential pairs of images were used to compute fine scale

bathymetric reconstructions of the reef substrate from which precise measurements of rugosity and reef

topographic structural complexity can be derived across multiple spatial scales. To achieve accurate bathymetric

reconstructions from uncalibrated monocular video, the position of the camera for each image in the video

sequence and the intrinsic parameters (e.g., focal length) must be computed simultaneously. We show that these

parameters can be often determined when the data exhibits parallax-type motion, and that rugosity and reef

complexity can be accurately computed from existing video sequences taken from any type of underwater

camera from any reef habitat or location. This technique provides an infinite array of possibilities for future

coral reef research by providing a cost-effective and automated method of determining structural complexity and rugosity in both new and historical video surveys of coral reefs.

Heck, K. L., Carruthers, T. J. B., Duarte, C. M., Hughes, A. R., Kendrick, G., Orth, R. J. et al. (2008). Trophic Transfers from Seagrass Meadows Subsidize Diverse Marine and Terrestrial Consumers. Ecosystems, 11, 1198-1210. 

In many coastal locations, seagrass meadows are part of a greater seascape that includes both marine and terrestrial elements, each linked to the other via the foraging patterns of consumers (both predators and herbivores), and the passive drift of seagrass propagules, leaves, roots and rhizomes, and seagrass-associated macroalgal detritus. With seagrasses declining in many regions, the linkages between seagrass meadows and other habitats are being altered and diminished. Thus, it is timely to summarize what is known about the prevalence and magnitude of cross-habitat exchanges of seagrass-derived energy and materials, and to increase awareness of the importance of seagrasses to adjacent and even distant habitats. To do so we examined the literature on the extent and importance of exchanges of biomass between seagrass meadows and other habitats, both in the form of exported seagrass biomass as well as transfers of animal biomass via migration. Data were most abundant for Caribbean coral reefs and Australian beaches, and organisms for which there were quantitative estimates included Caribbean fishes and North American migratory waterfowl. Overall, data from the studies we reviewed clearly showed that seagrass ecosystems provide a large subsidy to both near and distant locations through the export of particulate organic matter and living plant and animal biomass. The consequences of continuing seagrass decline thus extend far beyond the areas where seagrasses grow.
Henlsley, D. A., Appeldoorn, R. S., Shapiro, D. Y., Ray, M., & Turingan, R. G. (1994). Egg dispersal in a Caribbean coral reef fish,{IThalassoma bifasciatum}.I. dispersal over the reef platform. Bulletin of Marine Science, 54(1), 256-270. 
Heron, M. et al. (2012).  Coastal Ocean Radars Applied to Coral Reef Science and Management. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 5A.

Coastal ocean radars provide detailed surface current maps and wind directions; some types of High Frequency radar also provide maps of wave heights. Radar range is dependent upon the radar frequency, extending up to 150 km from the shore. In the case of the Great Barrier Reef, this includes the continental shelf and some open water beyond. Detailed knowledge of the dynamics of the surface water opens the way for understanding much about localised environmental conditions, connectivity between sites and the movement of nutrients and pollution in the coastal ocean. Lagrangian tracking of buoyant particles can be achieved in the Great Barrier Reef lagoon within an accuracy (error) approaching 1 km per day of drift. This is a significant capability for search and rescue operations as well as reef science and management. A sequence of surface current maps has been shown to be useful for identifying areas where the currents are high enough to induce spontaneous turbulence throughout the water column. These areas are less vulnerable to coral bleaching because the heat from insolation is distributed through the water column rather than remaining at the surface.

Spatial scales (i.e., range, resolution) for ocean radars are adjustable and it is shown that mapping of surface currents on a high resolution grid is possible with radars operating in the Very High Frequency band.
Heron, S.F. et al. (2012).Developments in understanding relationships between environmental conditions and coral disease. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 16B. 
Coral disease events are emerging as a significant threat to coral reefs in a changing climate. Over

the past few years, several modelling studies have derived empirical relationships linking white syndrome (WS)

disease outbreaks on Pacific coral reefs with unusual temperatures in summer and winter, and host density.

These relationships have informed development of a series of predictive tools – maps of outbreak likelihood for

Australia’s Great Barrier Reef and the Hawaiian archipelago. These tools are key to strategic regional

frameworks to respond to coral disease outbreaks. They inform both the targeted monitoring that can improve

our understanding of coral disease dynamics and trials of experimental management actions that may mitigate

disease impacts. Early research suggests that water quality could be another key driver of coral disease

prevalence on reefs, as poor water quality has been correlated with increased susceptibility of corals to diseases

and bleaching. Therefore we plan to test the inclusion of water quality measurements as a means of increasing

the predictive capacity of these management-directed tools. By reducing the number of false positives and

negatives, we aim to refine and improve the accuracy of tools developed to assess disease outbreak likelihood.

Ongoing and future work also includes testing for links between environmental parameters and other coral

diseases; expanding this work spatially, including a specific focus on coral disease dynamics in the Caribbean;and combining the learned relationships with climate predictions to examine potential future disease scenarios.
Heron, S.F. et al. (2012). Identifying Oceanic Thermal Anomalies in the Coral Triangle Region. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 17D.
Mass coral bleaching has historically been linked to episodes of thermal stress. While locationspecific

time-series data have been examined, the oceanic thermal anomalies that underlie broad-scale thermal

stress events are apparently unstudied quantitatively in terms of their spatial extent, temporal development, and

intensity. Knowledge of the spatial and temporal parameters that characterise anomalies can be useful in

understanding how bleaching-level stress develops, providing context for and a basis for modelling of future

events. Here we examine historical satellite sea-surface temperature (SST) data with the goal of identifying and

characterising oceanic anomalies in the Coral Triangle region. This region is of interest because it is influenced

by the Indian and Pacific Oceans and is the centre of coral ecosystem diversity and significant coral reef

conservation efforts. Oceanic anomalies are defined here using the HotSpot metric, which is the positive

variation in temperature above the maximum of the monthly mean climatology values. This metric describes

thermal stress that has been linked to coral bleaching episodes. It is proposed that the method for identifying

oceanic anomalies described here be applied to datasets of varying spatial resolutions to evaluate if, and how,

the characterisations are resolution-dependent. If these anomalies can be comparably identified and

characterised at a coarser spatial resolution, this could open the way to examining the likely impact of oceanic

thermal anomalies further back in time using historical datasets or in the future using climate models, both ofwhich are available only at lower spatial and temporal resolutions.

Heyward, A. J., Smith, L. D., Rees, M., & Field, S. N. (2002). Enhancement of coral recruitment by in situ mass culture of coral larvae. Marine Ecology-Progress Series, 230, 113-118.

New technologies for culturing and settling scleractinian coral larvae in the field are
required to elucidate the role of recruitment in population dynamics and to provide options for reef
rehabilitation. Natural multi-species aggregations of coral embryos, which frequently form slicks on
the sea surface after large-scale annual spawnings, were identified as a potential resource for mass
coral culture. Slicks containing billions of embryos were found at sea and several million embryos
were sub-sampled and successfully cultured in simple floating ponds, moored over the reef. Coral
larvae were maintained in the floating ponds until competent to settle, and then seeded onto the reef
environment via hoses from the ponds to mesh enclosures temporarily fixed to the reef substratum.
Reefal areas exposed to the cultured larvae exhibited a dramatic enhancement of coral larval recruitment
compared to natural rates. The results demonstrate the ability to seed defined areas of reef with
controlled densities of recruits. We conclude that natural spawning slicks, which have been noted on
numerous reefs throughout the world, provide opportunities for very large-scale culture of corals,
which may have application in reef rehabilitation and management strategies where natural recruitment
is limited.

Hickerson, E.L. et a. (2012). Flower Garden Banks – A Refuge in the Gulf of Mexico? Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 July 2012 9D.

The East and West Flower Garden Banks contain the northernmost coral reefs in the continental United States and are part of a discontinuous arc of reefs and banks along the outer continental shelf in the northwestern Gulf of Mexico. They are located approximately 204 kilometers south of the Texas/Louisiana coast, and are managed by NOAA’s Office of National Marine Sanctuaries. These deep, remote reefs thrive in an unlikely area, near the physiological edge of conditions required by hermatypic corals. The coral reef caps are dominated by large boulder corals at over 50% coral cover and harbor relatively abundant populations of associated fish and invertebrates. Mesophotic coral reefs thrive at depths to 50 meters and display an extraordinary 80% coral cover. The latest data from a 20-year term-monitoring program of the Flower Garden Banks reflects a continued flourishing coral reef system, but warns of possible anthropogenic and natural stressors that may threaten the high level of health of these reefs. Recent long-term monitoring data from the Flower Garden Banks supports the stability and resilience of these coral reefs, while the coral community at Stetson Bank show decline. Anthropogenic and natural stressors including fishing, pollution, hurricanes, and bleaching have affected the health of the reef at Stetson Bank and pose a threat to the reefs of the Flower Garden Banks. Other coral reefs and coral communities in this region, such as McGrail Bank, harbor significant mesophotic coral reefs. In an era of global decline in coral reefs worldwide, the northern Gulf of Mexico may provide a refuge for coral reefs and communities in the Caribbean.
Hickerson, E., Schmahl, G. P., Robbart, M., Precht, W. F., & Caldow, C. (2008). The State of Coral Reef Ecosystems of the Flower Garden Banks, Stetson Bank, and Other Banks in the Northwestern Gulf of Mexico. In J.E.W.Clarke (Ed.), The State of Coral Reef Ecosystems of the United States and Pacific Freely Associated States: 2008 (pp. 569). Silver Spring, MD: NOAA/NCCOS Center for Coastal Monitoring and Assessmentâ€™s Biogeography Team. 
The East and West Flower Garden Banks (EFGB and WFGB) were designated as the Flower Garden Banks National Marine Sanctuary (FGBNMS) through the National Oceanic and Atmospheric Administration (NOAA) in January 1992. The two banks are prominent geological features located near the outer edge of the continental shelf in the northwestern Gulf of Mexico, approximately 192 km southeast of Galveston, Texas (Fig​ure 7.1). These features, created by the uplift of underlying salt domes of Jurassic origin, rise from surrounding water depths of over 100 m to within 17 m of the surface. The northernmost thriving coral reef com​munities in North America cap the shallow portions of the EFGB and WFGB. They are relatively isolated from other coral reefs of the Caribbean and Gulf of Mexico, located over 690 km from the nearest reefs of the Campeche Bank off Mexico’s Yucatan Pen​insula, and over 1,200 km from the coral reefs of the Florida Keys. The area of the EFGB (27°54.5’ N, 93°36.0’ W) comprises about 65.8 km2 of which about 1.02 km2 is coral reef. Located 19.3 km to the west, the WFGB (27°52.5’ N, 93°49.0’ W) comprises about 77.2 km2 of which about 0.4 km2 is coral reef.
Hilborn, R. (1998). The economic performance of marine stock enhancement projects. Bulletin of Marine Science, 62. 
I reviewed nine marine stocking programs for which biological or economic measures of success were available. Only one, the Japanese chum salmon program, appears to be a clear economic success. Programs for pink salmon in Alaska, chinook and coho salmon in the U.S. and Canada, lobster in the U.K. and France, cod in Norway, and Kemp's ridley sea turtle are clear economic failures. No economic data were available for striped mullet in Hawaii or red drum in Texas. Incomplete and conflicting economic data for flounder in Japan provide no clear evidence. Marking was successfully used in a number of projects to establish that the stocked individuals survived, but it was far more difficult to establish that stocking effected a net increase in population size. Marking should be standard procedure for establishment of survival; control areas should be the method for determination of net increase in abundance. I suggest that stocking programs be made subject to peer review by scientists without a vested interest in the success of marine enhancement. The economics of stocking should be compared with that of alternatives such as habitat protection, fishery regulation, and stricter enforcement. Density-dependent processes in the ocean pose difficult obstacles for marine stocking programs, and none of the projects reviewed showed clear evidence of increasing total abundance. It appears that a coalition of vested interests including politicians, users, and technology advocates has little desire for critical evaluation and that many stocking programs will continue to receive substantial public funds even if shown to be uneconomical.
Hilmi, N. Safa, A., & CinaorM. (2012). Decision making tools:  How to best manage the coral reefs? Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13.
In this article, we examine the problem of coral reef destruction and discuss various stakeholders who face the losses from the destruction. We then postulate a stakeholder versus threats matrix and outline an algorithm where public authorities can streamline policy based on expected losses.
Hine, A.C., et al. (2008). Coral Reefs, Present and Past, on the West Florida Shelf and Platform Margin. In (Ed) Riegel, B.M. & Dodge, R.E., Coral Reefs of the USA, Vol. 1 Springer, New York. 127- 183. 

In spite of the subtle, low-relief contours seen on bathymetric maps of Florida‘s Gulf of Mexico (west Florida) shelf and slope (Fig. 4.1), this rim-toramp carbonate platform has and continues to support a surprisingly wide variety of coral reefs as compared to much better-known morphologically complex areas such the Great Barrier Reef. From the mid-shelf to the upper slope, light-dependent, hermatypic coral reefs have formed as a result of

hard substrate availability, ideal oceanographic conditions, and sea-level fluctuations. Indeed, the west Florida slope even supports living lightindependent, ahermatypic coral reefs in 550 m water depth (Newton et al. 1987). This paper summarizes the geomorphic variability of these different reef types, their geologic setting, and the present coral-reef biological community. The paper is organized along a virtual depth transect by presenting different reef setting and types starting from the shallower mid-shelf or mid-ramp setting, moving to the shelf edge, and then to the deeper upper slope.

Hixon, M. (1991). Recruitment of Coral Reef Fishes: Predation Effects on Postsettlement Survival.

Hixon, M. (2011). 60 Years Of Coral Reef Fish Ecology: Past, Present, Future. Bulletin of Marine Science, 87, 727-765. 

Revisiting the past 60 yrs of studies of the ecology of fishes on coral reefs reveals
successive decadal trends that highlight many lasting contributions relevant to fisheries biology, conservation biology, and ecology in general. The Bulletin of Marine Science was founded in 1951, about the same time SCUBA was first used to study reef fishes, so the 1950s was a decade of initial subtidal exploration by early pioneers. Detailed natural-history investigations of the use of space, food, and time by reef fishes developed in the 1960s, including studies based from undersea habitats late that decade. The 1970s saw the first comprehensive observational studies of reef fish communities, as well as initial breakthroughs in behavioral ecology, especially regarding cleaning symbiosis, mating systems, and sex reversal. In community ecology, the conventional wisdom—that interspecific competition structured reef-fish assemblages via equilibrium dynamics and resource partitioning—was called into question by the "lottery hypothesis," which posited that coexistence of ecologically similar species was fostered by nonequilibrial dynamics. The 1980s, in turn, were dominated by debate regarding the relative importance of larval supply vs post-settlement interactions in determining the local abundance and diversity of reef fishes. The "recruitment limitation hypothesis" asserted that larval settlement was so low that subsequent population dynamics were not only unpredictable, but also density-independent. Population and community studies during the 1990s thus focused largely on detecting demographic density dependence in reef-fish populations and identifying the mechanisms underlying this ultimate source of population regulation.

Hixon, M. A. (1991). Predation as a process structuring coral reef communities.   In P.F.Sale (Ed.), The Ecology of Fishes on Coral Reef (pp. 475-500). San Diego: Academic Press.

This book provides a comprehensive and up-to-date review of the ecology of coral reef fishes presented by top researchers from North America and Australia. Immense strides have been made over the past twenty years in our understanding of ecological systems in general and of reef fish ecology in particular. Many of the methodologies that reef fish ecologists use in their studies will be useful to a wider audience of ecologists for the design of their ecological studies. Significant among the impacts of the research on reef fish ecology are the development of nonequilibrium models of community organization, more emphasis on the role of recruitment variability in structuring local assemblages, the development and testing of evolutionary models of social organization and reproductive biology, and new insights into predator-prey and plant-herbivore interactions.

Hixon, M. A. & Brostoff, W. N. (1996). Succession and Herbivory: Effects on Differential Fish Grazing on Hawaiian Coral-Reef Algae. Ecological Monographs, 66, 67-90.

A concurrent cage-control experiment involving 144 settling plates, combined with measurements of light and water motion inside vs. outside cages indicated that the secondary effects of cages were minor compared to the primary effect of preventing fish grazing.

Hixon, M. A. (1997). Effects of Reef Fishes on Corals and Algae. In C.Birkeland (Ed.), Life and Dearh of Coral Reefs (pp. 230-248). New York: Chapman & Hall. 
 
Herbivores appear to have strong effects on the distribution and abundance of reef algae, although evidence for direct major effects on the coral is scant.

Ho, J. & Dojiri, M. (1978). A new species of {IHatschekia} (Copepoda: Dichelesthiidae) parasitic on leopard coral trout in the Great Barrier Reef, Australia. Journal of Parasitology, 64, 727-730. 
Hatschekia plectropomi sp. n. is described based on the specimens taken from Plectro-pomus leopardus (Lacepede) collected from Wistari Reef, Heron Island, and Lizard Island of the Great Barrier Reef, Australia.

Hobson, E. S. (1974). Feeding relationships of teleostean fishes on coral reefs in Kona, Hawaii. Fishery Bulletin, U.S., 72, 915-1031. 
Feeding relationships ofteleostean fishes on coral reefs at Kona, Hawaii, were studied during 1969 and 1970. Fishes that have a generalized feeding mechanism, including those carnivores whose morphologies place them close to the main line of teleostean evolution, are predominantly noqturnal or crepuscular.

These include holocentrids, scorpaenids, serranids, apogonids, priacanthids, and lutjanids. The major

prey of the nocturnal species are small, motile crustaceans, which are most available to the direct

attacks of generalized predators when they leave their shelters a h r dark. The major prey of the

crepuscular species are smaller fishes, whose defenses against direct attacks of generalized predators

are less effective during twilight. Feeding by generalized predators during the day depends largely on being within striking distance of prey that make a defensive mistake, a position best attained by those predators that ambush their prey from a concealed position, or by those that stalk.Ambushing and stalking tactics have produced some highly specialized forms that, during the day, prey mostly on smaller fishes. Diurnal ambushers include the highly cryptic synodontids, scorpaenids, and bothids; diurnal stalkers include aulostomids, fistulariids, belonids, and s p h y r a e n i b l l ofthem long, attenuated fishes. Some predators-most notably the muraenid e e l a r e specialized to hunt deep in reef crevices, and here they capture -me of the many small animals that shelter themselves in those crevices, day and night, when resting, injured, or distressed. Mullids use their sensory barbels to detect Small animals that have sheltered themselves amid the superficial covering on the reef, or in the surrounding sand; at least some mullids further use their barbels to drive these prey into the open. Most of the fishes on Kona reefs are among the more highly evolved teleosts, having reached, or passed, the percoid leve! of structural development. The adaptability of the feeding apparatus in these more advanced p u p s has given rise to a wide variety of specialized species, including both carnivores and herbivores, that have diverged from one another mostly on the basis of differing food habits. These fishes, most of which are diurnal, include the chaetodontids, pomacentrids, labrids, scarids, blenniids, acanthurids, and Zanclcrs, among the percifom; and the balistids, monacanthids, ostraciontids, tetraodontids, canthigasterids, and the nocturnal diodontids, among the tetraodontiforms. With their specialized feeding structures and techniques, these fishes consume organisms like sponges, coelenterates, large mollusks, tunicates, and tiny or crypti crustacea that are protected by behavioral or anatomical features from fishes not appropriately specialized.
Hodgson, G. (2001). Reef Check: The First Step in Community-Based Management. Bulletin of Marine Science 69(2): 861-868.

400 reefs in 40 countries were surveyed for a snap-shot global assessment of coral reef health.
Hoegh-Goldberg, O. (1999). Climate change, coral bleaching and the future of the world's coral reefs.    Marine Freshwater Rescources, 50, 839-866.

Sea temperatures in the tropics have increased by almost 1oC over the past 100 years and are
currently increasing at the rate of approximately 1-2oC per century. Reef-building corals, which are
central to healthy coral reefs, are currently living close to their thermal maxima. They become
stressed if exposed to small slight increases (1-2oC) in water temperature and experience coral
bleaching. Coral bleaching occurs when the photosynthetic symbionts of corals (zooxanthellae)
become increasing vulnerable to damage by light. The resulting damage leads to the expulsion of
these important organisms from the coral host. Corals tend to die in great numbers immediately
following coral bleaching events, which may stretch across thousands of square kilometers of ocean.
Bleaching events in 1998, the worst year on record, saw the complete loss of live coral in some parts
of the world. This paper reviews our understanding of coral bleaching and demonstrates that the
current increase in the intensity and extent of coral bleaching is due to increasing sea temperature.
Importantly, this paper uses the output four major global climate change models to predict how the
frequency and intensity of bleaching events will change over the next hundred years. The results of
this analysis are startling and a matter of great concern. Sea temperatures calculated by all models
(ECHAM3/LSG, ECHAM4/OPYC3 with and without aerosols, CSIRO DAR model) and based on
the IPCC Scenario A (doubling of carbon dioxide levels by 2100, IPCC 1995) show that the thermal
tolerances of reef-building corals will be exceeded within the next few decades. As a result of these
increases, bleaching events are set to increase in frequency and intensity. Events as severe as the 1998
event will become commonplace within twenty years and bleaching events will occur annually in
most tropical oceans by the end of the next 30-50 years. There is little doubt among coral reef
biologists that an increase in the frequency of bleaching events of this magnitude will have drastic
consequences for coral reefs everywhere. Arguments that corals will acclimate to predicted patterns
of temperature change are unsubstantiated and evidence suggests that the genetic ability of corals to
acclimate is already being exceeded. Corals may also adapt in evolutionary time, but such changes
are expected to take hundreds of years, suggesting that the quality of the world's reefs will decline at
rates that are faster than expected. Every coral reef examined in Southeast Asia, the Pacific and
Caribbean show the same trend. The world's largest continuous coral reef system (Australia's Great
Barrier Reef) was no exception and will face severe bleaching events every year by the year 2030.
Southern and central sites of the Great Barrier Reef will be severely affected by sea temperature rise
within the next 20-40 years. Northern sites are warming more slowly and will lag behind changes in
the southern end of the Great Barrier Reef by 20 years. In summary, however, the rapidity of this
change spells catastrophe for tropical marine ecosystems everywhere and suggests that unrestrained
warming cannot occur without the complete loss of coral reefs on a global scale.

Hoegh-Guldberg, O. & et al (2008). Ecology: Assisted colonization and rapid climate change. Science, 321, 345-346. 

Rapid climatic change has already caused changes to the distributions of many plants and animals, leading to severe range contractions and the extinction of some species (1, 2). The geographic ranges of
many species are moving toward the poles or to higher altitudes in response to shifts in the
habitats to which these species have adapted over relatively longer periods (1-4). It already appears that some species are unable to disperse or adapt fast enough to keep up with the high rates of climate change (5, 6). These organisms face increased extinction risk, and, as a result, whole ecosystems, such as cloud forests and coral reefs, may cease to function in their current form.
Hoegh-Guldberg, O., Jones, R. J., Ward, S., & Loh, W. K. (2002). Communications Arising - Ecology: Is coral bleaching really adaptive? Nature, 415. 
From an experiment in which corals are transplanted between two depths on a Panamanian coral reef, Baker infers that bleaching may sometimes help reef corals to survive environmental change. Although Baker's results hint at further mechanisms by which reef-building corals may acclimatize to changing light conditions, we do not consider that the evidence supports his inference.

Hoegh-Guldberg, O. (2011). Coral reef ecosystems and anthropogenic climate change. Regional Environmental Change, 11, 215-227. 

Coral reef ecosystems are among the most biologically diverse ecosystems on the planet. In addition to their value in terms of biodiversity, coral reefs provide food and resources for over 500 million people. Despite their importance, coral reefs are declining at a rapid rate (1-2% per year) as a result of a range of local (e.g., overexploitation of fisheries, declining water quality) and global (e.g., global warming and ocean acidification) drivers. Extensive experimental and field evidence suggests that atmospheric carbon dioxide concentrations of 450 ppm will lead to the loss of coral-dominated reef systems, with the prospect that dangerous levels of atmospheric carbon dioxide for coral reefs were exceeded in 1979 when mass coral bleaching was reported for the first time. The exact response of coral reefs remains uncertain although it is highly unlikely that coral-dominated reef systems will be present in future oceans at the current rate of warming and acidification of the world's tropical oceans. The loss of these important coastal ecosystems will diminish the resources available to hundreds of millions of people along tropical coastlines. Understanding the impacts on people and industry is an imperative if we are to devise effective systems by which tropical coastal communities are to adapt to rapidly changing tropical coastal environments. Our current understanding of these important issues, however, is in a relatively undeveloped state and must be a priority of future research.

Hoey, A. S. & Bellwood, D. R. (2011). Suppression of herbivory by macroalgal density: a critical feedback on coral reefs? Ecology Letters, 14, 267-273. 

Coral reefs globally are in decline, with some reefs undergoing phase shifts from coral-dominance to degraded states dominated by large fleshy macroalgae. These shifts have been underpinned by the overharvesting of herbivorous fishes and represent a fundamental change in the physical structure of these reefs. Although the physical structure provided by corals is regarded as a key feature that facilitates herbivore activity, the influence of the physical structure of macroalgal stands is largely unknown. Using transplanted Sargassum, the largest coral reef macroalga, we created habitat patches of predetermined macroalgal density (0.25-6.23 kg m-2). Remote video cameras revealed both grazing and browsing fishes avoided high density patches, preferring relatively open areas with low macroalgal cover. This behaviour may provide a positive feedback leading to the growth and persistence of macroalgal stands; increasing the stability of phase shifts to macroalgae.

Holden, H. & LeDrew, E. (1998). Spectral discrimination of healthy and non-healthy corals based on cluster analysis, principal components analysis, and derivative spectroscopy. Remote Sensing of Environment, 65.

Report of global mass coral bleaching are of major concern, bit the scientific basis of these reports is questionable. There exists no objective measure of coral health, so that individual perceptions of the paleness of an individual comb head or an entire coral reef, a-e the foundation of coral bleaching reports. It is uncle-stood that coral blenching results from an expulsion or reduction of the algae housed in the individual polyp, which causes the coral to lose its color. Satellite or airborne remote sensing may be a feasible means of mapping and monitoring coral reefs over large geographic areas if a quantitative ?means of remotely determining coral health can be developed. In an effort to remotely detect co ml stress, in.situ spectral reflectance of healthy and bleached Fijian scleractinian combs was measured with a handheld spectroradiometer. Principal components and cluster analysis revealed that there is a spectral distinction between healthy and bleached coral based largely on magnitude of reflectance. Spectral derivative analysis was used to determine the specific wavelength regions ideal for remote identification of substrate type. These results are encouraging with respect to using an airborne spectroradiometer to identify areas of bleached corals thus enabling accurate monitoring. over time. (C) Elsevier Science Inc., 1998.

Hotchberg, E. J. & et al (2003). Spectral reflectance of coral reef bottom-types worldwide and implications for coral reef remote sensing. Remote Sensing of Environment, 85, 159-173. 

Coral reef benthic communities are mosaics of individual bottom-types that are distinguished by their taxonomic composition and functional roles in the ecosystem. Knowledge of community structure is essential to understanding many reef processes. To develop techniques for identification and mapping of reef bottom-types using remote sensing, we measured 13,100in situ optical reflectance spectra (400–700 nm, 1-nm intervals) of 12 basic reef bottom-types in the Atlantic, Pacific, and Indian Oceans: fleshy (1) brown, (2) green, and (3) red algae; non-fleshy (4) encrusting calcareous and (5) turf algae; (6) bleached, (7) blue, and (8) brown hermatypic coral; (9) soft/gorgonian coral; (10) seagrass; (11) terrigenous mud; and (12) carbonate sand. Each bottom-type exhibits characteristic spectral reflectance features that are conservative across biogeographic regions. Most notable are the brightness of carbonate sand and local extrema near 570 nm in blue (minimum) and brown (maximum) corals. Classification function analyses for the 12 bottom-types achieve mean accuracies of 83%, 76%, and 71% for full-spectrum data (301-wavelength), 52-wavelength, and 14-wavelength subsets, respectively. The distinguishing spectral features for the 12 bottom-types exist in well-defined, narrow (10–20 nm) wavelength ranges and are ubiquitous throughout the world. We reason that spectral reflectance features arise primarily as a result of spectral absorption processes. Radiative transfer modeling shows that in typically clear coral reef waters, dark substrates such as corals have a depth-of-detection limit on the order of 10–20 m. Our results provide the foundation for design of a sensor with the purpose of assessing the global status of coral reefs.

Houde, E. D. & Zastrow, C. E. (1993). Ecosystem- and taxon-specific dynamic and energetics properties of larval fish assemblages. 

Growth rates, mortality rates, and energetics properties of teleost larvae differ among species and among ecosystems. In this synthesis, the ingestion rates required to support mean growth of larvae were estimated and energy budgets were developed. Weight-specific growth coefficients (G), instantaneous mortality rates (Z), larval stage durations (D), gross growth efficiencies (K sub(1)), and weight-specific oxygen uptake (QO sub(2)) were obtained from published sources and categorized by marine and freshwater species. Rates and properties were subcategorized by marine ecosystems and by taxonomic group. The strong temperature dependencies of rates and properties for larvae were adjusted by analysis of covariance to allow mean values to be compared among ecosystems and taxa. After adjustment, relatively few significant differences were detected, indicating that, with important exceptions, teleost larvae have characteristic and predictable attributes. Marine fish larvae have higher Z, longer D and higher QO sub(2) than freshwater larvae, probably because marine larvae weigh less at hatch (47 mu g versus 339 mu g). Larvae of coral reef fishes had lower temperature-adjusted super(-)G than larvae from other marine ecosystems. Values of K sub(1) (mean = 0.301) differed little among ecosystems or taxonomic groups and were not related to temperature. Energy budgets, which integrate the effects of rates and properties, differed appreciably among ecosystems and taxa. Ingestion, metabolism, and assimilation were higher for marine than for freshwater larvae. Mean temperature-adjusted ingestion rates usually were 40 to 65% of body weight, although values as high as 97% (Scombroidei) were estimated. Larvae from cool ecosystems (10 degree C) required two to four times less ingested energy on a daily basis than larvae from warm systems (28 degree C) to grow at their respective mean rates. Assimilation efficiencies declined as temperature increased. Temperature-adjusted mean assimilation efficiencies ( super(-)A) were 0.65 for marine and 0.56 for freshwater teleost larvae; super(-)A ranged from 0.54 (shelf) to 0.75 (upwelling) for marine ecosystems, and from 0.47 (Salmoniformes) to 0.82 (Gadiformes) across taxonomic groups. Rates and relationships reported here, while not intended to predict species-specific responses, do provide information on deviations by individual species from predicted rates and can identify specific adaptations and life-history strategies. Results of the analyses will be useful to categorize, compare, and model ichthyoplankton assemblages in pelagic communities.

Hourigan, T. F. (2009). Managing fishery impacts on deep-water coral ecosystems of the USA: emerging best practices. Marine Ecology Progress Series, 397, 333-340.

The USA has rich and varied deep-water coral ecosystems. Disturbances from bottom trawls have been well documented in certain habitats and are considered the major threat to deep-water corals in most US regions where such fishing is allowed. Other bottom-set fishing gears (e.g. gillnets and longlines) can also impact these communities. The USA has taken far-reaching action to address these threats to deep-water habitats. Since 2006, the USA has protected nearly 1.8 million km2 of vulnerable benthic habitats from bottom trawling, mostly in the Pacific. Additional major habitat conservation efforts are underway in the US Atlantic. In these efforts, a number of approaches are emerging as best-practices to conserve deep-water corals and other vulnerable marine ecosystems in the deep sea: (1) protecting particularly vulnerable areas, especially seamounts and major identified deep-water coral habitats, from impacts by all bottom-contact gear; (2) defining the current â€˜footprint' of bottom-trawl and dredge fisheries in partnership with the fishing community, and preventing expansion of these fisheries into deeper waters until they can be surveyed to identify potentially vulnerable habitats; and (3) using fisheries observers and vessel monitoring systems to provide key information that can inform adaptive management and enforcement. In 2006, the Magnuson-Stevens Fishery Conservation and Management Act, the nation's primary fishing law, was amended to explicitly allow protection of deep-sea corals in their own right. These approaches are being incorporated into a national strategic plan to comprehensively study and conserve deep-water coral and sponge ecosystems, and may help inform ongoing international conservation efforts.
Hueerkamp, C., Glynn, P. W., D'Ocruz, L., & et al (2001). Bleaching and recovery of five eastern Pacific corals in an El Nino related temperature experiment. Bulletin of Marine Science, 69, 215-235.
Coral bleaching events have increased in frequency and severity, due mainly to elevated
water temperature associated with El Niño-related warming and a general global warming trend. We experimentally tested the effects of El Niño-like sea temperature conditions on five reef-building corals in the Gulf of Panama. Branching species (Pocillopora damicornis and Pocillopora elegans) and massive species (Porites lobata, Pavona clavus and Pavona gigantea) were exposed to experimentally elevated seawater temperature, ~1–2C above ambient. Differences in zooxanthellate coral responses to bleaching and ability to recover were compared and quantified. All corals exposed to high temperature treatment exhibited significant declines in zooxanthellae densities and chlorophyll a concentrations. Pocilloporid species were the most sensitive, being the first to bleach, and suffered the highest mortality (50% after 50 d exposure). Massive coral species demonstrated varying tolerances, but were generally less affected. P. gigantean exhibited the greatest resistance to bleaching, with no lethal effects observed. Maximum experimental recovery was observed in P. lobata. No signs of recovery occurred in P.clavus, as zooxanthellae densities and chlorophyll a concentrations continued to decline under ambient (control) conditions. Experimental coral responses from populations in an upwelling environment are contrasted with field responses observed in a nonupwelling area during the 1997–98 El Niño–Southern Oscillation event.

Huete-Stauffer, C. & et al (2011). Paramuricea clavata(Anthozoa, Octocorallia) loss in the Marine Protected Area of Tavolara (Sardinia, Italy) due to a mass mortality event. Marine Ecology: An Evolutionary Perspective, 32, 107-116. 

Recent studies highlight an increase in the frequency and intensity of marine mass mortalities of several species over the past 30–40 years, mainly in tropical and temperate areas. In the Mediterranean Sea these episodes particularly affect benthic suspension feeders, such as sponges and cnidarians. The main objective of this work was to document the loss of one of the main Mediterranean seascapes, Paramuricea clavata forests at the Marine Protected Area of Tavolara Punta Coda Cavallo, Sardinia (Italy), during the summer of 2008. Data regarding colony height, density, level of damage, and microbiological community were collected at two sites. Such parameters help us understand how mass mortality mechanisms act on this ecosystem engineer. We identified a change in size class distribution following a mass mortality that leaves mainly small colonies with a decrease in habitat complexity. Several tests on water chemistry demonstrate that the mortality event was not caused by local contamination. Moreover, microbiological tests on potential pathogenic agents suggest that bacteria belonging to the genus Vibrio are present as an opportunistic and not an etiological cause of P. clavata mortality events. Possible restoration approaches are discussed.

Hughes, T.P. & Connell, J.H. (1999).Multiple stressors on coral reefs: A long-term perspective. Limnol. Oceanogr., 44(3, part 2), 932–940.
Coral reefs are subject to a high frequency of recurrent biological and physical disturbances. The temporal and

spatial scales of these are often large and difficult to study, so that most of our knowledge of disturbances on coral

reefs comes from investigations conducted at one or a few sites, over short periods of time. We argue that studying

single events in isolation can be misleading and that a longer term approach is necessary for understanding the

responses of coral reef assemblages to multiple stressors. We present first a brief review of the impacts of physical

disturbance (e.g., cyclones, hurricanes) on the community dynamics of coral reefs, with special attention to the

effects of recurrent events. We then examine two unusually detailed, long-term data sets from Heron Island, Australia,

and Jamaica which demonstrate some of the complexities of multiple stressors (broadly defined as natural or

man-made disturbances). Both case studies illustrate that the effect of a particular disturbance often depends critically on the impact of previous perturbations. Consequently, even the same type of recurrent stressor can have different effects at different times, depending on history. Accordingly, when the added dimension of time is considered, the distinction between single and multiple stressors becomes blurred. Even a single event such as a hurricane can be viewed mechanistically as a multiple stressor, with short- and long-term impacts. We emphasize that multiple stressors often have significant effects on recruitment and regenerative processes of assemblages. These impacts are much less obvious than catastrophic or chronic mortality, but they play a crucial role in community dynamics over longer time scales. Importantly, chronic anthropogenic impacts can impede the ability of coral assemblages to recover from natural disasters, even where there is little detectable effect on rates of adult mortality. Once a reef has been degraded, it is usually impossible to ascertain retrospectively the precise mechanisms that were involved or the relative importance of different events. A single survey will provide a snapshot of the status of coral reefs, but a longer term approach isrequired to understand the processes underlying changes in assemblages.

Hughes, T. P. & Jackson, B. C. (1980). Do corals lie about their age? Some demographic consequences of partial mortality, fission, and fusion. Science, 209, 713-715. 
 
Population dynamics of corals and other colonial animals are complicated by their modular construction and growth. Partial colony mortality, colony fission, and colony fusion distort any simple relationship between size and age among reef corals.

Hughes, T. P., Reed, D. C., & Boyle, M. J. (1987). Herbivory on Coral Reefs:Community Structure Following Mass Mortalities of Sea Urchins. Journal of Experimental Biology and Ecology, 113, 39-59. 
 
A study showing that the mass mortality of black sea urchins off Jamaica has increased algal abundance, detrimentally affecting the areas coral reefs.

Hughes, T. P. (1989). Community structure and diversity of coral reefs: The role of history. Ecology,70.

The authors shows that competition between corals and algae can help to maintain coral diversity if common species are reduced disproportionately. This pattern occurred on Jamaican reefs during the course of an algal bloom, but only because a prior rearrangement of coral assemblages by a hurricane resulted in a high relative abundance of poor competitors. As demonstrated by these events, the roles of disturbance and competition community dynamics depend heavily on their timing and chronology. This result shows that a more complete understanding of community structure often requires knowledge of both present and pass dynamics.

Hughes, T. P. (1994). Catastrophes, phase shifts, and large-scale degradation of a Caribbean coral reef. Science, 265, 1547-1552. 
Many coral reefs have been degraded over the past two to three decades through a combination of human and natural disturbances. In Jamaica, the effects of overfishing, hurricane damage, and disease have combined to destroy most corals, whose abundance has declined from more than 50 percent in the late 1970s to less than 5 percent today.A dramatic phase shift has occurred, producing a system dominated by fleshy macroalgae (more than 90 percent cover). Immediate implementation of management procedures is necessary to avoid further catastrophic damage.
Humann, P. (1993). Reef coral identification-Florida, Caribbean, Bahamas. Jacksonville, FL: New World Publications, Inc. 
This Reef Coral Identification book is THE definitive guide. In brief there is not a better guide out there. It thoroughly covers each type of coral and gives identification information as well as full color photographs. In addition to all the corals it covers other plant life likely to be encountered while snorkeling or diving. These include grasses, weeds, algae and coral diseases. With a plastic cover and the pages treated to resist water it can be taken to the beach or onto the boat without much concern about the water damaging the book. For each item the book also discusses any danger to divers that the particular coral may represent (such as fire coral). 

Huntington, B.E. , Karnauskas, M., Lirman, D. (2011). Corals fail to recover at a Caribbean marine reserve despite ten years of reserve designation Coral Reefs 30:1077–1085

The ability of reserves to replenish fish stocks is relatively well documented, but the evidence of their

ability to induce positive effects on benthic communities remains inconclusive. Here, we test whether 10 years of reserve designation have translated into positive effects on coral communities in Glover’s Reef, Belize. Surveys of 87 patch reefs inside and outside the reserve revealed no clear indication of reserve implementation benefitting coral cover, coral colony size, or abundance of juvenile corals. Furthermore, massive broadcasting coral species exhibited greater losses over time than their smaller-sized counterparts across all sites, suggesting that local management actions have not alleviated the regional trend of high mortality for these species. We detected no difference in herbivorous fish abundances or macroalgal cover between reserve and fished sites, providing a potential explanation for the lack of cascading positive effects on the coral community. We conclude that patterns of regional coral decline are evident at Glover’s Reef, including a shift in dominance from broadcasting species to brooding species and declines in mean colony size. Our findings suggest that regional stressors are overwhelming local management efforts and that additional strategies are required to improve local coral condition.

Huston, M. A. (1985). Patterns of Species Diversity on Coral Reefs. Annu.Rev.Ecol.Syst., 16. 
The zonation of dominant species and growth forms on coral reefs is one of the most striking patterns found in any natural community (42, 46, 115). Numerous factors may be important in controlling coral distributions and species diver-sity. These include light, usually correlatedw ith depth;s edimentation;t emper-ature; wave energy; plankton availability; frequency of mortality caused by storms or tidal exposure; and grazing by fish and urchins. Three major studies that correlate variation in physical factors with coral diversity and species composition over depth and horizontal position conclude that the reef environ-ment is extremely heterogeneous and that species composition and diversity are determinedn ot by physical gradientsb ut by microhabitatc onditions and com-plex biotic interactions (19, 88, 89). In spite of the heterogeneity of coral reefs strong evidence suggests that predictable patterns of species diversity exist along a depth gradient. Three separate studies on well-developed reefs have found similar patterns of species diversity in relation to depth. On each reef, diversity (measured by species richness and/or H') was low near the surface and increased to a maximum between 15 and 30 m in depth. (Red Sea 0-30 m (74); Jamaica 0-30 m (58); Jamaica 15-56 m (72); Indian Ocean 0-60 m (108). Below 30 m, diversity decreased gradually at the two sites where deeper surveys were made.
Irons, D. K. (1989). Temporal and areal feeding behavior of the butterfly fish, Chaetodon trifascialis at Johnston Atoll. Environmental Biology of Fishes, 25, 187-193. 

 The chevron butterflyfish,Chaetodon trifascialis, is found throughout the Indo-Pacific. It is a territorial, diurnal, corallivore found in close association withAcropora spp. corals. The feeding behavior of 33 individuals was studied over six seasons in three habitats.Chaetodon trifascialis spent one third of its active time feeding. However, there was much individual variation. Fish had significantly higher feeding rates during the early afternoon, and there were no significant differences in the feeding rates between the seasons. Feeding rates were significantly different between the three habitats. TheMontipora-rich habitat had the highest feeding rates (x = 10.74 bites min-1 ± 0.87, all corals combined) and theAcropora-Montipora mixed habitat had the lowest feeding rates (x = 4.58 bites min-1 ± 0.63, all corals combined). Females fed significantly more than males. WhileC. trifascialis had been thought to only eatAcropora spp. corals, it occasionally fed onMontipora spp. andPocillopora sp. corals whenAcropora spp. were scarce.Chaetodon trifascialis exhibited patterns predicted by foraging theory of an energy maximizer. Territory sizes were inversely related to food density and feeding rates were inversely related to intruder rates. This is a promising system for future testing of foraging strategy models.
Jaap, W. C., Lyons, W. G., Dustan, P., & Halas, J. C. (1989). Stoney coral (Scleractinea and Milleporina) community structure at Bird Key Reef, Ft. Jefferson National Monument, Dry Tortugas, Florida, Publication 46 1751. St. Petersburg: Florida Marine Research. 
Stony coral (Scleractinia and Milleporina) community structure at Bird Key Reef, Ft. Jefferson National

Monument, Dry Tortugas, Florida. Fla. Mar. Res. Pub!. No. 46. :H p. Stony coral community

structure at Bird Key Reef was investigated during 1975 using ~O continuous 25-m line transects in depths of 0.5 to 21.3 m. Thirty-two species, 872 colonies, and 14 198 cm of coral cover were sampled quantitatively. Most species, colonies, and live coral cover occurred seaward of 8-m depths on spur and groove substrate. Montastraea annularis, M. cavernosa, and Siderastrea siderea constituted more than 50% of all cover. Species diversity (Shannon index, log2) ranged from 1.0 to 3.59, and Pielou's evenness component ranged from 0.64 to 1.0 for individual transects. Diversity and evenness values computed from cover data were generally lower than values computed from abundance data, reflecting M. annularis dominance. Numerical community classification (Czekanowski's quantitative coefficient) revealed three groups and an ecotone, each related to depth and substrate: 9 transects in 1 to 6 m depths dominated by Porites astreoides and Diploria clivosa; an ecotone of 6 transects in 5 to 6 m depths; 5 transects

in 6 to 9 m depths dominated by S. siderea; and 10 transects in 8 to 21 m depths dominated by M. annularis. An abbreviated (13 transect) survey made during 1976 confirmed these patterns of community structure. Stony coral diversity is low in shallow water because of unstable substrate, temperature extremes, and turbidity. The Dry Tortugas coral fauna closely resembles that of the Florida Keys and Caribbean reefs  but differs from that of reefs north of Miami and in the eastern Gulf of Mexico.
Jaap, W. C. (2000). Observations on deep marine structures:  Florida Middle Grounds, Pulley Ridge, and Howell Hook from the deepworker submersible, sustainable seas expedition . In Diving for Science in the 21st Century 


DeepWorker is a single-place research submersible with 600-m-depth capabilities. It is owned and operated by Nuytco, Vancouver, British Columbia, Canada. These observations were made during a series of dives made from the NOM Research Vessel Gordon Gunter from 14 to 31 August 2000. The submersible has an Aries video camera, lighting system, and a manipulator for collecting specimens. The pilot can mark locations using through-water communications to the surface vessel. The Florida Middle Ground (FMG, 28°10' to 28°45 'N and 84°00' to 84° 25 'W) is a large structural feature approximately 100 nmi northwest of Tampa Bay in the northeastern Gulf of Mexico. Two types of reef structures are typical: steep-sided pinnacles and flat topped plateaus. The tops are at about 25m depth, and they slope to about 40-m depths. The biota is rich with algae, sponges, octocorals, scleractinian corals, mobile invertebrates, and 170 species of fish. Our observations confirmed the presence of schools of amberjack, grouper, blue chromis, snapper, and large jewfish. Pulley Ridge (at approximately 83°20'W) is a structure that is an old shoreline beginning in 70 m depth off Charlotte Harbor (Boca Grande) and continues south to the Straits of Florida. There is a faunal gradient from temperate to tropical from north to south. The northern portions of the ridge have rock formations veneered with sponges, hydroids, octocorals, hydrocorals, and a few Carophyllid scleractinian corals; crinoids are very common. In the southern regions of Pulley Ridge, the leafy alga Anadyomene menziesii and the scleractinian coral Leptoseris cucullata are very common on mounds that also support red algae, sponges, hydrocorals, Ellisellid octocorals, and crinoids. The submersible operations were sponsored by the National Geographic Society's Sustainable Seas Expeditions investigation of the eastern Gulf of Mexico.

Jaap, W. C. & Wheaton, J. (1975). Observations on Florida Reef Corals Treated with Fish-Collecting Chemicals. (vols. 10) St. Petersburg, Florida: Florida Department of Natural Resources. 
Studies were conducted to determine possible deleterious effects of fish collecting chemicals on Florida reef corals. Octocorallia and Scleractinia were treated with 100% acetone, a quinaldine/acetone/seawater solution, a commercial rotenone derivative/seawater solution, and undiluted rotenone derivative. No damage was sustained by octo corals due to any of the chemicals. Certain specimens of six scleractinian species (Acropora palmata, A. cervicornis, Siderastrea siderea, Diploria strigosa, Colpophyllia natans, and Dichocoenia stokesi) were severely damaged by the undiluted rotenone derivative. Other Scleractinia suffered little or no damage from any of the chemicals.
Jamieson, G. S., N. Pellegrin, and S. Jesson. 2007. Taxonomy and zoogeography of cold-water corals in coastal British Columbia. Bulletin of Marine Science 81(Supplement 1): 215-229. 

The current state of knowledge of cold-water corals in British Columbia is summarized. Pacific Canada has a more diverse coral community than does Atlantic Canada, as is the case for most taxonomic groups. A list of Pacific Canada's known coral species and potential species based on records from adjacent jurisdictions is presented, along with maps derived from existing records showing all currently known locations of corals in British Columbia. To date, five orders, 24 families, and 59 species of corals are documented from British Columbian waters, but an additional three families and 36 species may also occur in British Columbia, as these species have been documented from adjacent areas, i.e., southeast Alaska, Gulf of Alaska seamounts, and Washington/Oregon.

Jarrett, B. D. & et al (2000). Deep biostromes at Pulley Ridge, southwest Florida carbonate platform.  

High-resolution seismic reflection profiles, multibeam bathymetric data, ROV video, and manned submersible observations reveal a series of linear ridge deposits at 60
and 80 meters water depth on the western portion of the south Florida carbonate platform (Pulley Ridge).
The southern portion of Pulley Ridge supports a diverse modern benthic assemblage dominated by Agaricia
spp. coral (multiple species); large (up to 20 cm in length), leafy clusters of the green alga Anadyomene
menziesii; and coralline red algae. Less common stony corals include Montastrea cavernosa (in platy habit) and Porites spp. Antipatharia, comatulid crinoids, hexactinella sponges, and deep-water octocorals are also
common. Low-relief biostrome development at Pulley Ridge is not restricted to the topographically elevated
ridge crests. Morphologically, benthic communities conformably mimic the bathymetric contours of the
underlying, indurated ridge deposits. Multiple lines of evidence suggest a nearshore beach/eolian paleodepositional environment for the ridge edifice. First, seismic data commonly displays a layered seismic reflection character within ridge bodies.Second, multibeam sonar and ROV/submersible observations often reveal circular depressions (sinkholes) within ridge deposits, most likely the result of meteoric diagenesis of a coastal marine or eolian deposit. Third, ROV/submersible video clearly shows a tabular, bedded nature to the ridge edifice. Finally, through dredge sampling, small fragments of lithified carbonate grainstone have been recovered intercalated with reefal debris. Oceanic circulation patterns (determined from satellite imagery) may explain the pristine water clarity and enigmatic proliferation of deep reefs at Pulley Ridge. Cold, nutrient-rich, Mississippi River-derived waters bathe the majority of the south Florida shelf. However, clear, nutrient-poor, Loop Current-derived waters consistently impinge on the western portion of the south Florida platform, thereby creating an oceanic environment conducive to biostrome development at Pulley Ridge.

Jarrett, B. D., Hine, A. C., Halley, R. B., Naar, D. F., Locker, S. D., Neumann, A. C. et al. (2005). Strange bedfellows--a deep-water hermatypic coral reef superimposed on a drowned barrier island; southern Pulley Ridge, SW Florida platform margin. Marine Geology, 214, 295-307. 

The southeastern component of a subtle ridge feature extending over 200 km along the western ramped margin of the south Florida platform, known as Pulley Ridge, is composed largely of a non-reefal, coastal marine deposit. Modern biostromal reef growth caps southern Pulley Ridge (SPR), making it the deepest hermatypic reef known in American waters. Subsurface ridge strata are layered, lithified, and display a barrier island geomorphology. The deep-water reef community is dominated by platy scleractinian corals, leafy green algae, and coralline algae. Up to 60% live coral cover is observed in 60-75 m of water, although only 1-2% of surface light is available to the reef community. Vertical reef accumulation is thin and did not accompany initial ridge submergence during the most recent sea-level rise. The delayed onset of reef growth likely resulted from several factors influencing Gulf waters during early stages of the last deglaciation (~14 kyr B.P.) including; cold, low-salinity waters derived from discrete meltwater pulses, high-frequency sea-level fluctuations, and the absence of modern oceanic circulation patterns. Currently, reef growth is supported by the Loop Current, the prevailing western boundary current that impinges upon the southwest Florida platform, providing warm, clear, low-nutrient waters to SPR. The rare discovery of a preserved non-reefal lowstand shoreline capped by rich hermatypic deep-reef growth on a tectonically stable continental shelf is significant for both accurate identification of late Quaternary sea-level position and in better constraining controls on the depth limits of hermatypic reefs and their capacity for adaptation to extremely low light levels.
Jaubert, J. (1981). Variations of the shape and of the chlorophyll concentration of the scleractinian coral synaraea convexa verril: Two complementary processes to adapt  to light variations in Manilla. The Fourth International Coral. Marine Sciences Center, Univer. E.D. Gomez, C.E. Birkeland, R. 2. 55-58. 

Investigations were made on a population of S. convexa located in a very sheltered part of the lagoon of Moorea, French Polynesia. When light decreases, the shape of the colonies changes and their chlorophyll content increases. Pigment analysis of 20 samples belonging to the 4 most typical growth forms previously described (Jaubert 1977) and light measurements (total energy in the 450-950 nanometers wave length interval) allowed us to follow chlorophyll and shape variations as a function of irradiance. The most important changes of shape (branching to flat colonies) occur without any significant variation of chlorophyll; they correspond to a light decreasing by a factor of 3. Conversely, we found a fast increasing of chlorophyll when light continues to decrease and when no more changes of shape are possible (flat colonies). This confirms that the change of shape, which results in a better light absorption, is the main process of adaptation to decreasing light. The increasing of the chlorophyll content of zooxanthellae, significantly only in flat colonies. is an additional process which allows the coral to extend the limits of its habitat when it has exhausted the possibilities offered by the previous process.
Jell, J. S. (1980). Skeletogenesis of newly settled planulae of the hermatypic coral porites lutea. Acta Palaeontoliga, 25 (3-4) 311-320. 


The early development of the exoskeleton of the hermatypic scleractinian coral Porites lutea has been established by scanning electron microscopy for 1 hour to 21 day old corallites. The initial deposits are dispersed small grain-like crystallites of calcium carbonate up to 6 micrometers in length and 0.5 to 3 micrometers in maximum width. These crystallites enlarge by syntaxial growth and in addition new ones may be nucleated on their surfaces to produce rosette-like aggregations. After 6 hours these aggregates fuse laterally to form the primary layer of the basal plate. At this stage the initial tufts of crystallites of the septal trabeculae are deposited in radial rows on the primary layer of the basal plate. In 24 hour old corallites the trabeculae ·are well developed and traces of I, 2 or 3 orders of septa can be recognized. Subsequently (1-7 days), the trabeculae coalesce generating the radially arranged, septa and the secondary layer of the basal plate is deposited in the interseptal areas. With further growth some trabeculae diverge laterally from the median plane of the septum to produce vepreculae which may fuse with those of adjacent septa to form synapticulae. After several orders of septa have been established, the basal plate may develop a peripheral epitheca.
Johnson, D. S. (1996). Coral reef part two. Aquarium Fish Magazine, 8(11), 46-53.

Johnson, M. S., Holborn, K., & Black, R. (1993). Fine-scale patchiness and genetic heterogeneity of recruits of the corallivorous gastropod Drupella cornus. Marine Biology, 117, 91-96. 

The size-frequency distributions and genetic composition of recruits of the corallivorous snail DrupeIla comus (R6ding, 1798) were examined in outbreak populations collected from Ningaloo Reef, Western Australia in August 1990. The recruits are found in groups on digitate Acropora  spp. corals. Among coral colonies, mean lengths of recruits in our samples ranged from < 9 to 22 mm, but the snails within a group were generally similar in size. Despite the fact that D. cornus has planktonic larvae, there were marked genetic differences between groups of recruits on different coral colonies. The relatively large genetic subdivision among groups of recruits within sites over distances < 80 m was measured as a value of FsT (standardized variance in allelic frequencies) of 0.044. This was three times the value from comparisons of pooled samples of recruits from areas up to 119 km apart, and six times as great as the genetic subdivision among populations of adults over a distance of 180 km. Much of the genetic heterogeneity among groups of recruits is associated with mean size of the snails. Taken together, the size-frequency distributions and the genetic differences indicate that recruits within the same coral colony shared a common history of settlement, suggesting a cohesiveness of groups of larvae. Although the mechanisms for this patchiness are not understood, one implication is that studies of size-frequency distributions and genetic composition of cohorts of D. cornus must treat the group, not the individual snail, as the unit of replication.

Johnston, I. S. (1980). The tissue-skeleton interface in newly-settled polyps of the reef coral Pocillopora damicornis. In The Mechanisms of Mineralization in the Invertebrates and Plants Hawaii Institute of Marine Biology. 249-260. 


A description of skeletal formation differences in juvenile and adult pocillopora damicornis.
Jones, G. P. (1991). Postrecruitment processes in the ecology of coral reef fish populations: a multifactorial perspective.  In P.F.Sale (Ed.), The Ecology of fishes on Coral Reefs (pp. 294-328). San Diego: Academic Press. 
Jones, G. P. (1988). Experimental evaluation of the effects of habitat structure and competitive interactions on the juveniles of two coral reef fishes. Journal of Experimental Marine Biology and Ecology.

Dascyllus aruanus (L.) and Pomacentrus amboinensis (Bleeker) are small and abundant planktivorous fishes that colonize small patch reefs in One Tree Lagoon (Great Barrier Reef, Australia). The former prefers a live Pocillopora damicornis (L.) coral substratum, and the latter is more common on Porites sp. reefs, whether live or dead. This paper describes an experiment which tests for effects of Pocillopora and Porites substrata on the survival and growth of juveniles of these two fish species. It also examines the outcomes of intra- and interspecific competition on these two coral types. Coral substratum was found to have much greater effects than competition on juvenile survival over a 1-yr period, with greater numbers of both fish species surviving on Pocillopora reefs. There were no indications of competitive dominance of one fish species over another, or a reversal of dominance in relation to substratum type.

Jones, G. P. (1997). Relationships between recruitment and postrecruitment processes in lagoonal populations of two coral reef fishes. Journal of Experimental Marine Biology and Ecology, 213, (2)231-246.

Pomacentrus amboinensis Bleeker and Dascyllus aruanus (L.) exhibit similar large scale patterns in recruitment to One Tree lagoon, southern Great Barrier Reef. They recruit in greatest numbers near the windward perimeter compared with the centre of the lagoon, and at the perimeter, recruit preferentially to deeper sites (4–8 m depth). This pattern was observed in recruitment to standard coral heads of Pocillopora damicornis (L.), a preferred substratum transplanted to a range of locations and depths. As substratum was held constant, spatial variation in recruitment was not determined by the availability of suitable habitat. Patterns in growth and mortality of the two fish species were monitored for juveniles transplanted to another set of standard coral heads, in order to determine whether post-recruitment processes would reinforce or disrupt patterns established at the time of recruitment. The two species exhibited contrasting patterns. Pomacentrus amboinensis exhibited faster growth and better survivorship at deeper sites, regardless of the location in the lagoon, reinforcing the initial pattern. Dascyllus aruanus exhibited faster growth at perimeter sites and significantly better survivorship at central sites, patterns that would tend to disrupt the initial pattern. Within locations, individuals exhibiting slower growth rates (Pomacentrus amboinensis) or smaller initial size (Dascyllus aruanus) had reduced life expectancy. The results suggest that location selection by settlers of Pomacentrus amboinensis results in improved growth and/or survival. This was not the case for Dascyllus aruanus, which is probably more influenced by the presence of conspecifics. However, even for Pomacentrus amboinensis, large-scale patterns probably reflect constraints on habitat selection. Recruitment in Pomacentrus amboinensis was consistently lower to sites immediately down current of other reefs, regardless of their position. I suggest that the absence of recruits of both species to central sites indicates that this region is a recruitment-shadow.

Jones, G. P., Milicich, M. J., Emslie, M. J., & Lunow, C. (1999). Self-recruitment in a coral reef fish population. Nature, 402. 
The question of how far the larvae of marine organisms disperse is fundamental to an understanding of their population dynamics, the management of exploited species and the conservation of marine biodiversity. It is generally assumed that larvae disperse away from their natal population so that local populations operate as 'open' systems, driven by recruitment of larvae from other sub-populations. However, this assumption has never been critically tested. Here we show for the first time that juveniles from a coral reef fish population can return to their natal reef. We marked otoliths (ear bones) of over 10 million developing embryos of the damselfish, Pomacentrus amboinensis, at Lizard Island (Great Barrier Reef). Subsequently, from an examination of 5,000 juveniles settling at the same location, we found 15 marked individuals. On the basis of an estimate of the proportion of embryos marked (0.5–2%), as many as 15–60% of juveniles may be returning to their natal population (self-recruitment). We challenge the assumption that long-distance dispersal is the norm for reef fish populations.

Jones, R. J. (2011). Environmental effects of the cruise tourism boom: Sediment resuspension from cruise ships and the possible effects of increased turbidity and sediment deposition on corals (Bermuda).87(3): 659-679, 2011. Bulletin of Marine Science, 87, 659-679. 

In the wider Caribbean, the cruise tourism boom is causing a transition from land-based (hotel) to ship-based (cruise ship) tourism. Associated with this boom has been an increase in the size of the cruise ships, with many now being Panamax/post-Panamax "mega" cruise ships. The social/environmental consequences of these changes are likely to be profound, but are also likely to be country-specific. In Bermuda, mega cruise ships can resuspend large amounts of sediment that drift onto nearby reefs. Data were compiled on cruise ship sizes and speeds entering and leaving two ports in Bermuda. In situ data were collected from multiple sites using a turbidity sensor, arrays of sediment traps, and water sample analysis. 

Jones, R. S., Randall, R. H., Cheng, Y. m., Kami, H. T., & Mak, S. M. A Marine Biological Survey of Southern Taiwan with Emphasis in Corals and Fishes. Taipei, Taiwan, Republic of China: Institute of Oceanography, National Taiwan University. 
Jordan, E., Merino, M., Moreno, O., & Martin E. (1981). Community structure of coral reefs in the Mexican Caribbean. In Manila. 
The community structure of coral reef builders (scleractinians and hydrocorals) present in the barrier reefs of the Caribbean coastline of Mexico (northeast section of Yucatan peninsula) is analyzed. Several reef sampling sections distributed in more than 40 km of barrier reefs. together with a previous qualitative study of the whole north section of the same area. allow the authors to consider this study as representative of the coral reef formation all along the Mexican Caribbean coastline. These reefs present a poorly developed reef structure. mostly at the fore-reef zone. The coral community in this zone is physically controlled by harsh environmental conditions as a result of the combined effects of a low bottom slope. sand accumulation and resuspension of the sediment by wave action. Because of these. the important reef-building species are practically absent. and population densities are minimal. The dominant species are those most resistant to existing environmental conditions. The coral community of the rear zone, and to some extent the one of the breaker zone. is protected from wave action by the low slope of the fore-reef.
Juhasz, A. & et al (2010). Does use of tropical beaches by tourists and island residents result in damage tofringing coral reefs? A case study in Moorea French Polynesia. Marine Pollution Bulletin, 60,(12). 2251- 2256.

Although coral reefs worldwide are subject to increasing global threats, humans also impact coral reefs directly through localized activities such as snorkeling, kayaking and fishing. We investigated five sites on the northern shore of Moorea, French Polynesia, and quantified the number of visitors on the beach and in shallow water. In field surveys, we measured total coral cover and colony sizes of two common genera, Porites and Acropora, a massive and branching morphology, respectively. One site, which hosted over an order of magnitude more people than the other four, had significantly less total coral cover and supported very little branching Acropora. In addition, size frequency distributions of both the branching and massive genera were skewed toward smaller colony sizes at the high use site. Our results demonstrated that the use of tropical beaches may result in less coral cover, with branching colonies rare and small.

Kaniewska P, Campbell PR, Kline DI, Rodriguez-Lanetty M, Miller DJ, et al. (2012) Major Cellular and Physiological Impacts of Ocean Acidification on a Reef Building Coral. PLoS ONE 7(4): e34659. doi:10.1371/journal.pone.0034659
As atmospheric levels of CO2 increase, reef-building corals are under greater stress from both increased sea surface temperatures and declining sea water pH. To date, most studies have focused on either coral bleaching due to warming oceans or declining calcification due to decreasing oceanic carbonate ion concentrations. Here, through the use of physiology measurements and cDNA microarrays, we show that changes in pH and ocean chemistry consistent with two scenarios put forward by the Intergovernmental Panel on Climate Change (IPCC) drive major changes in gene expression, respiration, photosynthesis and symbiosis of the coral, Acropora millepora, before affects on biomineralisation are apparent at the phenotype level. Under high CO2 conditions corals at the phenotype level lost over half their Symbiodinium populations, and had a decrease in both photosynthesis and respiration. Changes in gene expression were consistent with metabolic suppression, an increase in oxidative stress, apoptosis and symbiont loss. Other expression patterns demonstrate up regulation of membrane transporters, as well as the regulation of genes involved in membrane cytoskeletal interactions and cytoskeletal remodeling. These widespread changes in gene expression emphasize the need to expand future studies of ocean acidification to include a wider spectrum of cellular processes, many of which may occur before impacts on calcification.

Kaplan, E. H. (1982). A field guide to coral reefs of the Caribbean and Florida: a guide to the common invertebrates and fishes of Bermuda,Southern Florida, West Indies and the Caribbean coast of Central and South America. Boston: Houghton Mifflin. 
Kaufman, L. (1977). The threespot damselfish: Effects on benthic biota of Caribbean coral reefs. Proceedings of the International Coral Reef Symposium, 560-564. 
The territorial behavior of certain damselfishes can have an important, but previously unsuspected influence on competitive interactions among corals. Eupomacentrus planifrons kills Montastrea and Acropora cervicornis, two major framework-building corals on Caribbean reefs, but the consequences of damselfish induced mortality and subsequent invasion of the coral skeleton by boring organisms are more serious for the former species. The mechanics of this interaction call for revision of models in which coral-coral competitive interactions and physical processes are the determinants of community structure.

Kaufman, L. (1983). Effects of Hurricane Allen on Reef Fish Assemblages Near Discovery Bay, Jamiaca. Coral Reefs, 2, 43-47. 


 A review of the damage done to coral reefs by Hurricane Allen on Aug. 6th, 1980.

Kaufman, L. S. & Ebersole, J. P. (1984). Microtopography and the organization of two assemblages of coral reef fishes in the West Indies. Journal of Experimental Marine Biology and Ecology, 78,(3).  253-268.

Two walls of Salt River Canyon, St. Croix, U.S. Virgin Islands are at the same depth in the fore reef environment and are separated by only 100m, but they differ in microtopography. Replicate visual censuses of the fish assemblages on these two walls, by four saturation divers, gave consistent estimates of the species assemblages on the two walls. Significant faunal differences between the two walls are best understood in terms of combined features of coloration, predator avoidance, and feeding habit displayed regularly by individuals occupying a given microhabitat

Kelman, D., Benayahu, Y., & Kashman, Y. (1999). Chemical defence of the soft coral Parerythropodium fulvum fulvum (Forskal) in the Red Sea against generalist reef fish. Journal of Experimental Marine Biology and Ecology, 238, (1) 127-137. 
Laboratory feeding assays comparing chemical and sclerite deterrence capabilities of Parerythropodium fulvum fulvum revealed that the organic extract deterred feeding by the generalist reef fish Thalassoma klunzingeri (Fowler and Steinitz) and T, lunare (Linnaeus), whereas the sclerites were palatable, The mean number of pellets, containing natural extract concentration as in the living coral, eaten by the test fish was 0.25±0.43, while the mean number
of sclerite pellets was 7.0± 1.58 out of 10 pellets offered. Extracts of the two color morphs of the studied species taken from colonies from both shallow and deep reefs deterred feeding by the wrasses even at concentrations as low as 12.5% of the natural concentration present in the coral. Feeding experiments using extracts of embryos of the P.j[ulvum yellow morph revealed that they are chemically protected against predation. A higher level of deterrence was found with extracts of embryos combined with the mucus in which they are embedded.

Kemp, D. W. & et al (2011). Catastrophic mortality on inshore coral reefs of the Florida Keys due to severe low-temperature stress. Global Change Biology, 17, 3468-3477. 

Coral reefs of the Florida Keys typically experience seasonal temperatures of 20-31 °C. Deviation outside this range causes physiological impairment of reef-building corals, potentially leading to coral colony death. In January and February 2010, two closely spaced cold fronts, possibly driven by an unusually extreme Arctic Oscillation, caused sudden and severe seawater temperature declines in the Florida Keys. Inshore coral reefs [e.g., Admiral Reef (ADM)] experienced lower sustained temperatures (i.e., <12 °C) than those further offshore [e.g., Little Grecian Reef (LG), minimum temperature = 17.2 °C]. During February and March 2010, we surveyed ADM and observed a mass die-off of reef-building corals, whereas 12 km away LG did not exhibit coral mortality. We subsequently measured the physiological effects of low-temperature stress on three common reef-building corals (i.e., Montastraea faveolata, Porites astreoides, and Siderastrea siderea) over a range of temperatures that replicated the inshore cold-water anomaly (i.e., from 20 to 16 to 12 °C and back to 20 °C). Throughout the temperature modulations, coral respiration as well as endosymbiont gross photosynthesis and maximum quantum efficiency of photosystem II were measured. In addition, Symbiodinium genotypic identity, cell densities, and chlorophyll a content were determined at the beginning and conclusion of the experiment. All corals were significantly affected at 12 °C, but species-specific physiological responses were found indicating different coral and/or Symbiodinium cold tolerances. Montastraea faveolata and P. astreoides appeared to be most negatively impacted because, upon return to 20 °C, significant reductions in gross photosynthesis and dark respiration persisted. Siderastrea siderea, however, readily recovered to pre-treatment rates of dark respiration and gross photosynthesis. Visual surveys of inshore reefs corroborated these results, with S. siderea being minimally affected by the cold-water anomaly, whereas M. faveolata and P. astreoides exhibited nearly 100% mortality. This study highlights the importance of understanding the physiological attributes of genotypically distinct coral-Symbiodinium symbioses that contribute to tolerance, recovery, and consequences to an environmental perturbation. These data also document effects of a rarely studied environmental stressor, possibly initiated by remote global climate events, on coral-Symbiodinium symbioses and coral reef communities.

Kenchington, R. A. (1978). Visual surveys of large areas of coral reefs In D.R.Stoddard & R. E. Johannes (Eds.), Coral Reefs: Research Methods (pp. 149-161). Paris, France: UNESCO. 
Kenny, I. et al. (2012). Coral Relocation: A mitigation tool for dredging works in Jamaica Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 20A. 
A large-scale environmental mitigation plan was conducted to preserve benthic marine resources

during the development of the Falmouth Cruise Ship Terminal in Trelawny, Jamaica. The magnitude of this

project has made it potentially the largest reported coral relocation exercise in the world to date; between

August 2009 and April 2010, 147,947 organisms (8,975 soft coral; 137,789 hard coral; and 1,183 sponges) were successfully relocated. An additional 2,807 sea urchins, mainly Diadema sp., were relocated from the dredging area, as well as numerous sea cucumbers, hermit crabs, conchs, sea stars and lobsters. Time series photographs of sample colonies were taken on three occasions: October 2009, April 2010, and April/May 2011. Preliminary results indicate that 86% of the colonies relocated in 2009 were accounted for in 2011. Partial colony mortality and the occurrence of disease increased with each sampling event (from 38% to 43% and 9 to 20 cases respectively). By 2011, cases of total colony mortality accounted for 4% of the monitored colonies.

Kinchington, D. (1980). Location of intracellular calcium within the epidermis of a cool temperate coral. In P.Tardent & R. Tardent (Eds.), Developmental and Cellular Biology of Coelenterates (pp. 143-148). London: Elsivier Biological Press. 


A study of skeletogenesis in larvae of cool temperate coral.
Kinchington, D. (1981). Organic matrix synthesis by Scleractinian coral larval and post-larval stages during skeletogenesis. Proceedings of the 4th International Coral Reef Symposium, 2, 107-113. 
The calcification processes of the cool temperate coral Balanophyllia regia have been studied during the settlement and metamorphosis of planulae larvae into polyps. Ultrastructural studies of the fully developed and settled post-larval stages have implicated one of the gland cell types in the secretion of an organic matrix prior to skeletal growth. Qualitative X-ray analytical studies using the scanning transmission electron microscope (STEM) have supported these observations: calcium was detected in this organic substance after it had been secreted into the 1-3 /lm wide space between the skeletogenic epithelium and the substrate. Thirty-six hours later X-ray mapping of this matrix showed that high levels of calcium were more easily detected within crystal-like prof files than in the surrounding areas. The strategy of the attached. post-larval stages of these corals is to provide an extracellular environment in which the larval skeleton can develop.
Kinzie, R. A., III & Snider, R. H. (1978). A simulation study of coral reef survey methods

Kitahara, M. V. 2007. Species richness and distribution of azooxanthellate Scleractinia in Brazil. Bulletin of Marine Science 81(3): 497-518. 


The azooxanthellate Scleractinia from Brazilian waters are reviewed based on examination of museum specimens and current literature, indicating the occurrence of 59 species, including the first southern Atlantic description of: Caryophyllia berteriana Duchassaing, 1850, Caryophyllia crypta Cairns, 2000, Caryophyllia scobinosa Alcock, 1902, and Dendrophyllia alternata Pourtalès, 1880. A checklist of all species, including first reported occurrence, relevant literature, survey vessel, position and depth range data, and water masses within which Brazilian azoox-anthellate Scleractinia occur, are provided. An identification key is proposed and almost all species discussed in this document are illustrated. Distributional patterns of deep-sea corals from Brazil as well as other geographical areas are briefly discussed, and a strong affinity with those Scleractinia from the Caribbean waters is demonstrated. A diagnosis for the species first time described for the southern Atlantic is provided.

Kleypas, J. A., Anthony, K. R. N., & Gattuso, J.-P. (2011). Coral reefs modify their seawater carbon chemistry - case study from a barrier reef (Moorea, French Polynesia). Global Change Biology, 17, (12). 3667-3678. 
Changes in the carbonate chemistry of coral reef waters are driven by carbon fluxes from two sources: concentrations of CO2 in the atmospheric and source water, and the primary production/respiration and calcification/dissolution of the benthic community. Recent model analyses have shown that, depending on the composition of the reef community, the air-sea flux of CO2 driven by benthic community processes can exceed that due to increases in atmospheric CO2 (ocean acidification). We field test this model and examine the role of three key members of benthic reef communities in modifying the chemistry of the ocean source water: corals, macroalgae, and sand. Building on data from previous carbon flux studies along a reef-flat transect in Moorea (French Polynesia), we illustrate that the drawdown of total dissolved inorganic carbon (CT) due to photosynthesis and calcification of reef communities can exceed the draw down of total alkalinity (AT) due to calcification of corals and calcifying algae, leading to a net increase in aragonite saturation state (?a). We use the model to test how changes in atmospheric CO2 forcing and benthic community structure affect the overall calcification rates on the reef flat. Results show that between the preindustrial period and 1992, ocean acidification caused reef flat calcification rates to decline by an estimated 15%, but loss of coral cover caused calcification rates to decline by at least three times that amount. The results also show that the upstream-downstream patterns of carbonate chemistry were affected by the spatial patterns of benthic community structure. 
Knowlton, N. (2001). The future of coral reefs. PNAS, 98. 
Coral reefs, with their millions of species, have changed profoundly because of the effects of people, and will continue to do so for the foreseeable future. Reefs are subject to many of the same processes that affect other human-dominated ecosystems, but some special features merit emphasis: (i) Many dominant reef builders spawn eggs and sperm into the water column, where fertilization occurs. They are thus particularly vulnerable to Allee effects, including potential extinction associated with chronic reproductive failure. (ii) The corals likely to be most resistant to the effects of habitat degradation are small, short-lived “weedy” corals that have limited dispersal capabilities at the larval stage. Habitat degradation, together with habitat fragmentation, will therefore lead to the establishment of genetically isolated clusters of inbreeding corals. (iii) Increases in average sea temperatures by as little as 1°C, a likely result of global climate change, can cause coral “bleaching” (the breakdown of coral–algal symbiosis), changes in symbiont communities, and coral death. (iv) The activities of people near reefs increase both fishing pressure and nutrient inputs. In general, these processes favor more rapidly growing competitors, often fleshy seaweeds, and may also result in explosions of predator populations. (v) Combinations of stress appear to be associated with threshold responses and ecological surprises, including devastating pathogen outbreaks. (vi) The fossil record suggests that corals as a group are more likely to suffer extinctions than some of the groups that associate with them, whose habitat requirements may be less stringent.

Knudby, A., .Brenning, A., & LeDrew, E. (2010). New approaches to modeling fish-habitat relationships. Ecological modelling, 221, 503-511.

Ecologists often develop models that describe the relationship between faunal communities and their habitat. Coral reef fishes have been the focus of numerous such studies, which have used a wide range of statistical tools to answer an equally wide range of questions. Here, we apply a series of both conventional statistical techniques (linear and generalized additive regression models) and novel machine-learning techniques (the support vector machine and three ensemble techniques used with regression trees) to predict fish species richness, biomass, and diversity from a range of habitat variables. We compare the techniques in terms of their predictive performance, and we compare a subset of the models in terms of the influence each habitat variable has for the predictions. Prediction errors are estimated by cross-validation, and variable importance is assessed using permutations of individual variable values. For predictions of species richness and diversity the tree-based models generally and the random forest model specifically are superior (produce the lowest errors). These model types are all able to model both nonlinear and interaction effects. The linear model, unable to model either effect type, performs the worst (produces the highest errors). For predictions of biomass, the generalized additive model is superior, and the support vector machine performs the worst. Depth range, the difference between maximum and minimum water depth at a given site, is identified as the most important variable in the majority of models predicting the three fish community variables.

Koenig, C., Coleman, F. C., Grimes, C. B., & et al (2000). Protection of fish spawning habitat for the conservation of warm-temperatate reef fish fisheries of shelf-edge reefs of Florida. Bulletin of Marine Science, 66, 593-616. 

We mapped and briefly describe the surficial geology of selected examples of shelf- edge reefs (50-120 m deep) of the southeastern United States, which are apparently de- rived from ancient Pleistocene shorelines and are intermittently distributed throughout the region. These reefs are ecologically significant because they support a diverse array of fish and invertebrate species, and they are the only aggregation spawning sites of gag (Mycteroperca microlepis), scamp (M. phenax), and other economically important reef fish. Our studies on the east Florida shelf in the Experimental Oculina Research Reserve show that extensive damage to the habitat-structuring coral Oculina varicosa has oc- curred in the past, apparently from trawling and dredging activities of the 1970s and later. On damaged or destroyed Oculina habitat, reef-fish abundance and diversity are low, whereas on intact habitat, reef-fish diversity is relatively high compared to historical diversity on the same site. The abundance and biomass of the economically important reef fish was much higher in the past than it is now, and spawning aggregations of gag and scamp have been lost or greatly reduced in size. On the west Florida shelf, fishers have concentrated on shelf-edge habitats for over 100 yrs, but fishing intensity increased dramatically in the 1980s. Those reefs are characterized by low abundance of economically important species. The degree and extent of habitat damage there is unknown. We recommend marine fishery reserves to protect habitat and for use in experimentally examining the potential production of unfished communities. 
Koh, E. G. & Sweatman, H. P. (2000). Chemical warfare among scleractinians: bioactive natural
products from Tubastraea faulkneri Wells kill larvae of potential competitors. Journal of Experimental Marine Biology and Ecology, 251, 141-160. 

Competition for space among scleractinians by overgrowth, overtopping. Extracoelenteric digestion and the use of sweeper tentacles is well recognized, but another potential mode of competitive interaction, allelopathy, is largely uninvestigated. In this study, chemical extracts from Tubastraea faulkneri Wells were tested for deleterious effects on competent larvae of 11 other species of coral belonging to seven genera of four scleractinian families, Larvae exposed to extract concentrations from 10 to 500 ..g ml-' consistently suffered higher mortality than larvae in
solvent controls. Larvae of Platygyra daedalea (Ellis and Solander) and Oxypora lacera (Verrill) wereth~rtl0s~sensiti~~,experiencing high. mortality even at the lowest extract concentration. The toxic compounds from T. faulkneri did not kill any conspecific larvae. 

Kohn, A. J. & Nybakken, J. W. (1975). Ecology of Conus on Eastern Indian Ocean fringing reefs: diversity of species and resource utilization. Marine Biology, 29,(3). 211-234. 


The most diverse assemblages of the genus Conus known occur on fringing coral reefs in Thailand and Indonesia. As many as 27 congeneric species of these gastropods inhabit a single reef; in all, we examined 1,350 individuals of 48 species. Several attributes of the populations we observed conform to expectations of a model of ecological characteristics of bench and reef Conus proposed by Kohn (1971a). Number of species (S) averaged 15, and species diversity (HPrime) averaged 2.3 in the most heterogeneous habitat type — topographically complex, subtidal reef platforms (Type III habitat). Both species richness and evenness of distribution of individuals among species contribute strongly to HPrime. Fewer congeners and greater numerical dominance by single species characterize more homogeneous habitats. On subtidal reef platforms with large areas of sand substrate and less coral limestone (Type I–III habitat), mean values were S=10, and HPrime=1.6. In the one intensively studied, truncated reef-limestone platform (Type II–III intermediate habitat), S=13 and HPrime=1.4. Summed population density of all Conus species in Type III and I–III habitats is similar (0.02 to 0.05 individuals /m2) and comparable to estimates from similar habitats elsewhere in the Indo-West Pacific region. Mean density (0.7/m2) and other population attributes in Type II–III habitat more closely resemble those of Type II than Type III habitats in general. We combined analysis of species diversity and other attributes of assemblages in habitats of different environmental complexity with analysis of microhabitat and food-resource utilization, in order to demonstrate the extent to which specialization on different resources occurs in assemblages differing in diversity and habitat type. In the habitats studied, co-occurring species of Conus specialized to a greater extent on different prey species than on different microhabitat patches, but degree of microhabitat specialization was greater than in similarly complex habitats with assemblages of lower diversity elsewhere in the Indo-West Pacific region. While most Conus species preyed primarily on a different species or higher taxon of polychaetes, diets are not more specialized or dissimilar than in similar habitats elsewhere. Degree of specialization on different prey is not correlated with Conus species diversity in the different types of habitats studied. The data lead to the conclusion that differential predation is as important — and differential microhabitat utilization is more important — in permitting coexistence of potentially competing congeners, compared with conditions in habitats of comparable heterogeneity that support fewer congeners farther from the center of the Indo-West Pacific region. 

Kokita, T. & Nakazono, A. (1998). Plasticity in the Mating System of the Longnose Filefish, Oxymonacanthus longirostris , in Relation to Mate Availability. Journal of Ethology, 16, 81-89.

The mating system of the longnose filefish was examined on the coral reefs of Okinawa, Japan.

Koop, K. (2001). The effect of nutrient enrichment on coral reef. Synthesis of results and conclusions.
 42:91-120. Marine Pollution Bulletin, 42, 91-120.

Coral reef degradation resulting from nutrient enrichment of coastal waters is of increasing global concern. Although effects of nutrients on coral reef organisms have been demonstrated in the laboratory, there is little direct evidence of nutrient effects on coral reef biota in situ. The ENCORE experiment investigated responses of coral reef organisms and processes to controlled additions of dissolved inorganic nitrogen (N) and/or phosphorus (P) on an offshore reef (One Tree Island) at the southern end of the Great Barrier Reef, Australia. A multi-disciplinary team assessed a variety of factors focusing on nutrient dynamics and biotic responses. A controlled and replicated experiment was conducted over two years using twelve small patch reefs ponded at low tide by a coral rim. Treatments included three control reefs (no nutrient addition) and three + N reefs (NH4Cl added), three + P reefs (KH2PO4 added), and three + N + P reefs. Nutrients were added as pulses at each low tide (ca twice per day) by remotely operated units. There were two phases of nutrient additions. During the initial, low-loading phase of the experiment nutrient pulses (mean dose = 11.5 microM NH4+; 2.3 microM PO4(-3)) rapidly declined, reaching near-background levels (mean = 0.9 microM NH4+; 0.5 microM PO4(-3)) within 2-3 h. A variety of biotic processes, assessed over a year during this initial nutrient loading phase, were not significantly affected, with the exception of coral reproduction, which was affected in all nutrient treatments. In Acropora longicyathus and A. aspera, fewer successfully developed embryos were formed, and in A. longicyathus fertilization rates and lipid levels decreased. In the second, high-loading, phase of ENCORE an increased nutrient dosage (mean dose = 36.2 microM NH4+; 5.1 microM PO4(-3)) declining to means of 11.3 microM NH4+ and 2.4 microM PO4(-3) at the end of low tide) was used for a further year, and a variety of significant biotic responses occurred. 

Knudby, A., .Brenning, A., & LeDrew, E. (2010). New approaches to modeling fish-habitat relationships. Ecological modelling, 221, 503-511. 
Ecologists often develop models that describe the relationship between faunal communities and their habitat. Coral reef fishes have been the focus of numerous such studies, which have used a wide range of statistical tools to answer an equally wide range of questions. Here, we apply a series of both conventional statistical techniques (linear and generalized additive regression models) and novel machine-learning techniques (the support vector machine and three ensemble techniques used with regression trees) to predict fish species richness, biomass, and diversity from a range of habitat variables. We compare the techniques in terms of their predictive performance, and we compare a subset of the models in terms of the influence each habitat variable has for the predictions. Prediction errors are estimated by cross-validation, and variable importance is assessed using permutations of individual variable values. For predictions of species richness and diversity the tree-based models generally and the random forest model specifically are superior (produce the lowest errors). These model types are all able to model both nonlinear and interaction effects. 

Kramer, P. A. & et al (2003). Status Of Coral Reefs In The Western Atlantic: Results Of Initial Surveys, Atlantic And Gulf Rapid Reef Assessment (Agrra) Program (Rep. No. 496). Washington, D.C.: Natural History Museum, Smithsonian. 

The global decline in coral reefs during the last decades has provoked the most serious concerns about these remarkable ecosystems. Were they owing to a single worldwide cause, like influenza, plague or HIV in humans, the focus of efforts to understand and remedy the situation would be clear. Instead, the causes of declines as
well as the nature of reefs vary significantly from region to region and within regions. Thus the urgent need is to assess the condition of reefs regionally with directly comparable quantitative observations rather than anecdotal reports. This volume contains the initial reports and their synthesis of a new approach to assessing the regional condition of coral reefs in the Western Atlantic Ocean developed under the Atlantic and Gulf Rapid Reef Assessment (AGRRA) program. This new approach features rapid, multiscale assessments by teams of five-six trained observers for reefs of the Greater Caribbean, Gulf of Mexico and South Atlantic with the same method. Thus it becomes possible to assess many reefs spread over the entire region.

Kraus, R. T., Hill, R. L., Rooker, J. R., & Dellapenna, T. M. (2006). Preliminary Characterization of a Mid-shelf Bank in the Northwestern Gulf of Mexico as Essential Habitat of Reef Fishes. Proceedings of the Gulf and Caribbean Fisheries Institute, No. 57, 621-632. 


The continental shelf of the northwestern Gulf of Mexico has many, widely scattered, high-relief, bathymetric features (or banks) that represent important naturally occurring aggregation areas for exploited fish species (especially snappers and groupers). While a few of these banks are protected and monitored as national marine sanctuaries (e.g., Flower Garden Banks), most are unprotected and poorly studied. Here, we present initial results of a study of one such bank, Sonnier Bank, where we are developing survey approaches with sidescan sonar, seismic devices, SCUBA, ROV (remotely operated vehicle), and fish traps. Sonnier Bank appears as a ring of topographic peaks, covering approximately 12.6 km super(2). At the shallowest depths (< 30 m) we have observed a diverse community of unexploited reef fishes associated with millepora coral and sponges. In this shallower environment, rock hind (Epinephelus adscensionis) were the dominant serranid. The deeper (45 to 60 m) bathymetric features of Sonnier Bank had the greatest numbers of exploited reef fish species. Sidescan and ROV surveys identified these areas as more gradually sloping with large pieces of rubble (1 to 4 m in diameter). Notable aggregations of vermilion snapper (Rhomboplites aurorubens) red snapper (Lutjanus campechanus) and gray snapper (L. griseus) were present, and yellowmouth grouper (Mycteroperca interstitialis) and graysby (Cephalopholis cruentata) were also observed. Our ongoing efforts include the calibration of a laser array for measuring distances with ROV video/ images, and comparisons of fish counts and measurements between divers and the ROV. The development of approaches with ROV may be an effective way to quantify and monitor commercially important snappers and groupers in these deeper, structurally-complex habitats.
Krief, S., Hendy, E. J., Fine, M. L., & et al (2010). Physiological and isotopic responses of scleractinian corals to ocean acidification. Geochimica et Cosmochimica Acta, 74, 4988-5001. 


Uptake of anthropogenic CO2 by the oceans is altering seawater chemistry with potentially serious consequences for coral reef ecosystems due to the reduction of seawater pH and aragonite saturation state (Xarag). The objectives of this long-term study were to investigate the viability of two ecologically important reef-building coral species, massive Porites sp. and Stylophora pistillata, exposed to high pCO2 (or low pH) conditions and to observe possible changes in physiologically related parameters as well as skeletal isotopic composition. Fragments of Porites sp. and S. pistillata were kept for 6–14 months under controlled aquarium conditions characterized by normal and elevated pCO2 conditions, corresponding to pHT values of 8.09, 7.49, and 7.19, respectively. In contrast with shorter, and therefore more transient experiments, the long experimental timescale achieved in this study ensures complete equilibration and steady state with the experimental environment and guarantees that the data provide insights into viable and stably growing corals. During the experiments, all coral fragments survived and added new skeleton, even at seawater Xarag < 1, implying that the coral skeleton is formed by mechanisms under strong biological control. Measurements of boron (B), carbon (C), and oxygen (O) isotopic composition of skeleton, C isotopic composition of coral tissue and symbiont zooxanthellae, along with physiological data (such as skeletal growth, tissue biomass, zooxanthellae cell density, and chlorophyll concentration) allow for a direct comparison with corals living under normal conditions and sampled simultaneously. Skeletal growth and zooxanthellae density were found to decrease, whereas coral tissue biomass (measured as protein concentration) and zooxanthellae chlorophyll concentrations increased under high pCO2 (low pH) conditions. Both species showed similar trends of d11B depletion and d18O enrichment under reduced pH, whereas the d13C results imply species-specific metabolic response to high pCO2 conditions.

Krupp, F. & Paulus, T. (1991). Territoriality and courtship behaviour in the coral reef fish {IPseudoanthias heemstrai} (Pisces: Serranidae) Rev.fr.Aquariol., 18, 43-46.
Lacson, J. M. (1992). Minimal genetic variation among samples of six species of coral reef fishes collected at La Parguera, Puerto Rico, and Discovery Bay, Jamaica. Marine Biology, 112, 327-331.

Lesser, M. P. (2000). Depth-dependent phopacclimatization to solar ultraviolet radiation in the Caribbean coral Montastraea faveolata. Marine Ecology-Progress Series, 192, 137-151.

The importance of solar ultraviolet radiation (UVR, 290 to 400 nm), and UVB (290 to
320 nrn) in particular, as an environrnental factor affecting the biology and ecology of coral reefs has
taken on renewed interest since the dernonstration of global stratospheric ozone loss through human
activities. The hermatypic coral Montastraea faveolata occurs over a wide bathymetric range in the
Florida Keys reef tract. The bathyrnetnc range of M. faveolata and its role in reef community structure
make it an important species for which to assess the effects of present day UVR irradiances. Both UVR
irradiances and UVR-absorbing mycosponne-like arnino acids (MAAs) decreased significantly with
increasing depth in M faveolata. UVB irradiances were measured to a depth of 30 rn during this study
and maximum rates of productivity in M faveolata were significantly affected by the presence of UVR.
Action spectra (= biological weighting function) for the photoinhibition of photosynthesis by UVR were
measured for saniples of M. faveolata at 3, 10, 18, 23, and 30 m Using these action spectra, radiation
arnplification factors (RAFs) were calculated for corals at the Same depths. RAFs for M. faveolata suggest
that corals at depths greater than 3 m will be more sensitive to increases in UVB irradiance, such
as rnight be caused by ozone depletion, than their shallow-water counterparts. Despite this increase in
sensitivity to UVB. calculations incorporating continued ozone depletion suggest that at the present
rate of stratospheric ozone depletion corals deeper than 5 m in the Florida Keys will be affected very
little. if at all, by increases in UVR. These results, however, do not incorporate the interacting and
synergistic effects of UVR with other physical parameters (e.g. temperature) that will be essential to
understanding and predicting the fate of coral reefs under conditions of global change.

Lesser, M. P., Bythell, J. C., Gates, R. D., Johnstone, R. W., & Hoegh-Guldberg, O. (2007). Are infectious diseases really killing  corals? Alternative interpretations of the experimental and ecological data. Journal of Experimental Marine Biology and Ecology, 346.

Lewis, S. M. & Wainwright, P. C. (1985). Herbivore Abundance and Grazing Intensity on a Caribbean Coral Reef. Journal of Experimental Biology and Ecology, 87, 215-228.

Significant differences among habitats in an experimental array of grazing across reef habitats does not appear to be simply explained by differences in reef topography.

Liddell, W. D. & Ohlhorst, S. L. (1985). Changes in Benthic Community Composition Following the Mass Mortality of Diadema at Jamaica. Journal of Experimental Biology and Ecology, 95, 271-278.

The mass mortality of black sea urchins has had a detrimental effect on coral in the Caribbean due to an explosion of benthic algae that erode the coral's hard substrata which the urchins usually control.

Lieske, E. &. M. R. (2002). Coral reef fishes 6594. (Rev. ed. ed.) Princeton, N.J.: Princeton University Press.


Lipp, E. k., Jarrell, J. L., Griffin, D. W., & et al (2002). Preliminary evidence for human fecal contamination in corals of the Florida Keys, USA. Marine Pollution Bulletin, 44, 666-670.

Corals and reef environments are under increased stress from anthropogenic activities, particularly those in the vicinity of heavily populated areas such as the Florida Keys. The potential adverse impacts of wastewater can affect both the environment and human health; however, because of the high decay rate of bacterial indicators in coral reef waters it has been difficult to document the presence of microbial contaminants and to assign risks in these environments. Here we show initial evidence that microorganisms associated with human feces are concentrated along the surface of coral heads relative to the overlying water column in the Florida Keys. Bacterial indicators (fecal coliform bacteria, enterococci or Clostridium perfringens) were detected in 66.7% of the coral surface microlayer (CSM) samples at levels between five and 1000 CFU/100 ml, but were found infrequently and at low numbers in the overlying water column ( < or = 2.5 CFU/100 ml). Similarly, enterovirus nucleic acid sequences, an indicator of human-specific waste, were detected in 93.3% of the CSM samples and only once in the water column by cell culture. Results show that coral mucus may accumulate enteric microorganisms in reef environments, and may indicate a risk to public and environmental health despite low indicator levels in the surrounding water.

Linares,C.  et al (2011). Assessing the Effectiveness of Marine Reserves on Unsustainably Harvested Long-Lived Sessile Invertebrates Conservation Biology, 26(1), 88–96.
Although the rapid recovery of fishes after establishment of a marine reserve is well known, much

less is known about the response of long-lived, sessile, benthic organisms to establishment of such reserves.

Since antiquity, Mediterranean red coral (Corallium rubrum) has been harvested intensively for use in jewelry,

and its distribution is currently smaller than its historical size throughout the Mediterranean Sea. To assess

whether establishment of marine reserves is associated with a change in the size and number of red coral

colonies that historically were not harvested sustainably, we analyzed temporal changes in mean colony

diameter and density from 1992 to 2005 within red coral populations at different study sites in the Medes

Islands Marine Reserve (established in 1992) and in adjacent unprotected areas. Moreover, we compared

colony size in the Medes Islands Marine Reserve, where recreational diving is allowed and poaching has been

observed after reserve establishment, with colony size in three other marine protected areas (Banyuls, Carryle-

Rouet, and Scandola) with the enforced prohibition of fishing and diving. At the end of the study, the size of

red coral colonies at all sampling sites in the Medes Islands was significantly smaller than predicted by growth

models and smaller than those in marine protected areas without fishing and diving. 
Lirman, D. & et al (2011). Severe 2010 cold-water event caused unprecedented mortality to corals of the Florida Reef Tract and reversed previous survivorship patterns. PLoS ONE, 6, 1-10. 

Reef surveys were conducted from Martin County to the Lower Florida Keys within weeks of the anomaly. The impacts recorded were catastrophic and exceeded those of any previous disturbances in the region. Coral mortality patterns were directly correlated to in-situ and satellite-derived cold-temperature metrics. These impacts rival, in spatial extent and intensity, the impacts of the well-publicized warm-water bleaching events around the globe. The mean percent coral mortality recorded for all species and subregions was 11.5% in the 2010 winter, compared to 0.5% recorded in the previous five summers, including years like 2005 where warm-water bleaching was prevalent. Highest mean mortalitywas documented for inshore habitats where temperatures were ,11uC for prolonged periods.

Liu, G, et al.. (2012). NOAA Coral Reef Watch’s Decision Support System for Coral Reef Management. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 5A. 
NOAA Coral Reef Watch (CRW) has evolved from providing a limited number of satellite sea

surface temperature (SST)-based tools for coral bleaching monitoring, to implementing a decision support

system (DSS) monitoring multiple satellite and model-based parameters. CRW is now developing a newgeneration

DSS, taking advantage of advances in satellite algorithms for measuring environmental variables,

availability of multiple satellites and sensors, model-based evaluations of observations and forecasts, and

advances in coral biological and physiological research. This paper provides an introduction and overview of

CRW’s new-generation, integrated global DSS, utilizing satellite, model, and in situ data, both near-real-time and historical, to help managers protect coral reefs in a changing climate.

Lobel, P. S. (1980). Herbivory by damselfishes and their role in coral reef community ecology
2731. Bulletin of Marine Science, 30, 273-289.
The feeding habits of two herbivorous pomacentrids (damselfishes) are examined in relation to coral reef community ecology. The subjects, Eupomacenlrus pillnij"rons from the Caribbean and E. niRricllfls from the central Pacific Ocean, selectively ate the epiphytic layer of the algal mat growing inside their territories. This layer consisted of blue-green algae (Oscillatoria), diatoms, and bacteria with associated detritus. A thicket of a red alga (Ge/idium sp.) formed the basal layer and the bulk mass of the algal mat which is not eaten. The fish are dependent upon stomach acidity for digestion which functions to lyse the epiphytes' cell walls but does not significantly affect the red alga (Gelidium pulchellum). Foraging behavior of herbivorous pomacentrids on reefs has three basic effects. (I) The number of small motile invertebrates is greater inside the territory than in comparable algal masses outside of it. The territory functions as a refuge for juvenile benthic invertebrates (e.g., crabs and sea stars) and demersal plankton. (2) Corals and coralline algae are excluded from inside territories by overgrowth of the filamentous algal mat. Consequently, territories do not contain substrata which form parI of the developing reefframework. This may promote eventual collapse. (3) Growth of blue-green algae is greater inside territories than elsewhere on reefs. Thus, pomacentrid territories are probably significant sites for nitrogen fixation on the reef.

Locker, S. D. & et al (2010). Geomorphology of mesophotic coral ecosystems: current perspectives on morphology, distribution, and mapping strategies. Coral Reefs, 29, 329-345.

This paper presents a general review of the distribution of mesophotic coral ecosystems (MCEs) in relationship to geomorphology in US waters. It was specifically concerned with the depth range of 30-100 m, where more than 186,000 km2 of potential seafloor area was identified within the US Gulf of Mexico/Florida, Caribbean, and main Hawaiian Islands. The geomorphology of MCEs was largely inherited from a variety of pre-existing structures of highly diverse origins, which, in combination with environmental stress and physical controls, restrict the distribution of MCEs. Sea-level history, along with depositional and erosional processes, played an integral role in formation of MCE settings. However, mapping the distribution of both potential MCE topography/substrate and existing MCE habitat is only beginning. Mapping techniques pertinent to understanding morphology and MCE distributions are discussed throughout this paper. Future investigations need to consider more cost-effective and remote methods (such as autonomous underwater vehicles (AUVs) and acoustics) in order to assess the distribution and extent of MCE habitat. Some understanding of the history of known MCEs through coring studies would help understand their initiation and response to environmental change over time, essential for assessing how they may be impacted by future environmental change.

Logan, C.A. et al. (2012). A framework for comparing coral bleaching thresholds. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 10A.
Coral reefs are highly vulnerable to bleaching under elevated temperature. Since 2002, NOAA Coral

Reef Watch has used a bleaching threshold based on global sea surface temperatures to provide operational

bleaching warnings. Recent studies suggest that modifications to the current global bleaching prediction method

may result in higher predictive power. Here, we present a method for comparing four bleaching prediction

methods at different spatial and temporal resolutions, each calibrated against the global bleaching observational

dataset from ReefBase between 1985 and 2005. We identify one method (“MMMmax”) that consistently gives

the highest predictive power at all spatial and temporal resolutions examined. An improved bleaching threshold

will refine future bleaching projections under climate change and provide more reliable real-time bleaching alerts to international coral reef managers.

Loya, Y. (1978). Plotless and transect methods In D.R.Stoddard & R. E. Johannes (Eds.), Coral Reefs: Research Methods (pp. 197-217). Paris, France: UNESCO.

Luckhurst, B. E. & Luckhurst, L. (1978). Analysis of the influence of substrate variables on coral reef communities 5452. Marine Biology, 49, 317-323.

Luckhurst, B. E. & Luckhurst, K. (1977). Recruitment patterns of coral reef fishes on the fringing reef of Curaâ€¡ao, Netherlands Antilles. Canadian Journal of Zoology, 55, 681-689.

Luo, J., Serafy, J. E., Sponaugle, S., Teare, P. B., & Kieckbusch, D. (2009). Movement of gray snapper Lutjanus griseus among subtropical seagrass, mangrove, and coral reef habitats. Marine Ecology Progress Series, 380, 255-269.

 Many fishes are thought to make diel, seasonal and/or ontogenetic migrations among seagrass, mangrove, and coral reef habitats. However, most evidence of such movement has been inferred from density and size structure differences among these habitats in tropical waters. The aim of the present study was to directly evaluate multiple habitat use by an ecologically and economically important reef fish, the gray snapper Lutjanus griseus, in subtropical waters. An integrated set of activities was conducted, including tagging and tracking of individuals and underwater video photography to examine the spatial and temporal dynamics of movements among neighboring mangrove, seagrass, and coral reef habitats in the northern Florida Keys, USA. Results of ultrasonic acoustic and mini-archival tagging indicated that L. griseus exhibits: (1) a distinct diel migration pattern, whereby shallow seagrass beds are frequented nocturnally and mangroves and other habitats with complex structure are occupied diurnally, and (2) bay-to-ocean movement, occurring during the known spawning season of L. griseus in this region. Video photography confirmed diel movement among seagrass and mangrove habitats. Results of this subtropical study corroborate direct and indirect evidence obtained in tropical waters of multiple inshore habitat use by L. griseus, as well as its seasonal movement into or towards offshore reefs. For resource managers charged with designing and implementing management plans for subtropical coastal habitats and fisheries, our findings provide direct support for the strategy of conserving both inshore seagrass and mangrove habitats as well as offshore coral reefs

MacLeish, K. (1973). Exploring Australia's coral jungle National Geographic Magazine, 143, 727-778.


Maina, J. M. & et al (2011). Global gradients of coral exposure to environmental stresses and implications for local management. PLoS ONE, 6, 1-14.

The decline of coral reefs globally underscores the need for a spatial assessment of their exposure to multiple environmental stressors to estimate vulnerability and evaluate potential counter-measures.  Methodology/Principal Findings. This study combined global spatial gradients of coral exposure to radiation stress factors (temperature, UV light and doldrums), stress-reinforcing factors (sedimentation and eutrophication), and stress-reducing factors (temperature variability and tidal amplitude) to produce a global map of coral exposure and identify areas where exposure depends on factors that can be locally managed. A systems analytical approach was used to define interactions between radiation stress variables, stress reinforcing variables and stress reducing variables. Fuzzy logic and spatial ordinations were employed to quantify coral exposure to these stressors. Globally, corals are exposed to radiation and reinforcing stress, albeit with high spatial variability within regions. Based on ordination of exposure grades, regions group into two clusters. The first cluster was composed of severely exposed regions with high radiation and low reducing stress scores (South East Asia, Micronesia, Eastern Pacific and the central Indian Ocean) or alternatively high reinforcing stress scores (the Middle East and the Western Australia). The second cluster was composed of moderately to highly exposed regions with moderate to high scores in both radiation and reducing factors (Caribbean, Great Barrier Reef (GBR), Central Pacific, Polynesia and the western Indian Ocean) where the GBR was strongly associated with reinforcing stress.  Conclusions/Significance  Despite radiation stress being the most dominant stressor, the exposure of coral reefs could be reduced by locally managing chronic human impacts that act to reinforce radiation stress. Future research and management efforts should focus on incorporating the factors that mitigate the effect of coral stressors until long-term carbon reductions are achieved through global negotiations.

Mapstone, B. D. & Fowler, A. J. (1988). Recruitment and the structure of assemblages of fish on coral reefs
4567. TREE, 3, 72-77.

Marcus, J. & Thorhaug, A. (1981). Pacific vs Atlantic responses of the subtropical hermatypic coral porites SPP. to temperature and salinity effects. Proceedings of the 4th International Coral Reef Symposium, 2, 16-20.

Matsumoto, A. K. 2007. Effects of low water temperature on growth and magnesium carbonate concentrations in the cold-water gorgonian Primnoa pacifica. Bulletin of Marine Science 81(3): 423-435.

The large cold-water coral species found near Japan, Primnoa pacifica (Kinoshita, 1907), was investigated to estimate the effects of water temperature on its growth rate and magnesium concentration in coral sclerites. The coral inhabits water of approximately 0.6-0.7 °C, the lowest temperature recorded for this genus. Axial growth rate, estimated by counting annual growth rings, was about 0.24 mm yr-1. Compared to the growth rate of Primnoa corals in the NE Pacific and Atlantic Oceans at water temperatures of 3.7-12.1 °C, the growth rate was as low as might be expected considering the extremely low temperature. The carbonate content of sclerites was analyzed using an X-ray powder diffractometer (XRD). Analysis showed an average MgCO3 concentration of 10.15 ± 1.37 mol % and an Mg/Ca mol ratio of 0.113 ± 0.017. These values were higher than those predicted from temperature and Mg/Ca relationships of other octocoral data. These results suggest that axial growth rate and magnesium concentration of NW Pacific cold-water gorgonians inhabiting extremely low temperature waters were not influenced by temperature in a way similar to those in warmer waters.

Matsumoto, A. K., F. Iwase, Y. Imahara, and H. Namikawa. 2007. Bathymetric distribution and biodiversity of cold-water octocorals (Coelenterata: Octocorallia) in Sagami Bay and adjacent waters of Japan. Bulletin of Marine Science 81(Supplement 1): 231-251.

In total, 260 octocoral species, including 144 gorgonians, 80 alcyonaceans, and 36 pennatulaceans have been recorded in the literature at Sagami Bay, Japan. Fifteen of the octocoral species were newly recorded at littoral to bathyal depths (13 gorgonians, one alcyonacean, and one pennatulacean). Thirty families of octocorals were recorded between the depth of 100-200 m (deep littoral) and 23% of all recorded species and 37% of newly recorded species were obtained at this depth. A total of 114 species of octocoral is endemic to Japan and adjacent waters, while 74 of these octocorals are only found in or around Sagami Bay. These results reconfirmed the high biodiversity of octocoral fauna in Sagami Bay, and suggest there are two main explanations for these high levels of biodiversity in this bay and in this area. One explanation appears to be that the recorded species represent a faunal boundary which is formed by converging elements of temperate, sub-tropical, and sub-arctic regions. Another explanation may be that the 100-200 m depth range may be a benthic/pelagic ecotone, a transitional zone between two ecosystems, which results in a high degree of biodiversity due to benthicpelagic coupling.

McClanahan, T. R. (1997). Primary Succession of Coral Reef Algaes, Differences on fished vs unfished reefs. Journal of Experimental Marine Biology and Ecology, 218, 77-102. 


Experimental coral plates were placed on four coral reefs to determine the effect that sea urchin
and herbivorous fish grazing, and river sediments have on successional changes in algae.

McClanahan, T. R., et al. (2011) Critical thresholds and tangible targets for ecosystem-based management of coral reef fisheries.  PNAS 108 ( 41).1-8.

Sustainably managing ecosystems is challenging, especially for complex systems such as coral reefs. This study develops critical reference points for sustainable management by using a large empirical dataset on the coral reefs of the western Indian Ocean to investigate associations between levels of target fish biomass (as an indicator of fishing intensity) and eight metrics of ecosystem state. These eight ecological metrics each exhibited specific thresholds along a continuum of fishable biomass ranging from heavily fished sites to old fisheries closures. Three thresholds lay above and five below a hypothesized window of fishable biomass expected to produce a maximum multispecies sustainable yield (BMMSY). Evaluating three management systems in nine countries, we found that unregulated fisheries often operate below the BMMSY, whereas fisheries closures and, less frequently, gear-restricted fisheries were within or above this window. These findings provide tangible management targets for multispecies coral reef fisheries and highlight key tradeoffs required to achieve different fisheries and conservation goals.

McClanahan, T. R., Muthiga, N.A., Coleman, R.A. (2011) Testing for top-down control: can post-disturbance fisheries closures reverse algal dominance? Aquatic Conserv: Mar. Freshw. Ecosyst. 2. 658–675.

1. The response of fish, sea urchins, benthic cover, herbivory, and predation on sea urchinswere studied over a 14-year period in and out of a recently established fully closed and fished atoll reef lagoon of the remote Glover’s Reef, Belize. 2. Closure fromfishing was predicted to result in the recovery of predatory fish and herbivores, herbivory rates, and subsequently reduce erect algae and lead to the recovery of herbivore resistant and calcifying taxa such as hard corals and calcifying algae. Recovery of predatory fishes was the largest response to closure and the herbivore response was weak and no corals and calcifying algae changed in the predicted direction. 3. Hard corals declined where they weremost abundant and all sites appear to have reached a stable point of ~15% cover by the end of the study. Generalized and possibly opportunistic carnivores, such as jacks, barracuda, groupers, snappers, grunts, and sparids showed the greatest increases and there was a trend towards more small-bodied herbivores such sea urchins and damselfish in the open and a slight gain in large herbivores in the closed area, but this had little effect in increasing total herbivory. 4. Factors that may have influenced this unexpected response include: (1) a complex food web that did not produce a simple cascade response; (2) attenuation of the cascade effect towards the lower trophic levels; (3) insufficient compliance, closure time, and space; (4) a post- rather than pre-disturbance establishment of the closure; 5) habitat or site specificity; and (6) overriding environmental disturbances, such as oceanographic oscillations and a warming climate.5. The results suggest a need to further evaluate fisheriesmanagement systems, contingencies, and interventions that will promote coral reef resilience to climate change and ecosystem sustainability.

McClanahan, T. R. (2011). Human and coral reef use interactions: From impacts to solutions? Journal of Experimental Marine Biology and Ecology, 408, 3-10.
The literature on coral reefs and human resource use or fishing is reviewed less from the perspective of summarizing findings but more from the sociological perspective of what scientists chose to study, publish, and cite in journal articles. The motivation was to determine if coral reef science is generating information needed to solve the coral reef climate and fisheries crisis that has been publicized in many of the highest visibility and cited publications. The social-ecological system of coral reefs involves the environment, the ecosystem, human harvesting and social organization and the policies that arise from their interaction. Regardless of the focus and findings of any science investigation on this system, recommendations for management are limited, and include restrictions on space, time of use, effort, gear, species, size, and gender. Evaluating the scientific journal literature in the Scopus database on these restrictions indicates a disparity in focus for both publications and citations. The greatest number of scientists and citations are focused on spatial closures and fishing effort, effort seen as the problem and closures the solution. The other restrictions, that represent less extreme forms of management and have lower short-term social costs and tradeoffs, are not well studied and, when studied, investigated by either a small group of associated colleagues or transient one-publication investigators. 
McClenachan, L. (2009). Documenting Loss of Large Trophy Fish from the Florida Keys with Historical Photographs. Conservation Biology, 23, 636-643. 

A loss of large vertebrates has occurred in aquatic and terrestrial ecosystems, but data to measure
long-term population changes are sparse. Historical photographs provide visual and quantitative evidence of changes in mean individual size and species composition for groups of marine fish that have been targeted by sport fishing. I measured such trends for 13 groups of recreationally caught "trophy" reef fish with photographs taken in Key West, Florida, from 1956 to 2007. The mean fish size declined from an estimated 19.9 kg (SE 1.5) to 2.3 kg (SE 0.3), and there was a major shift in species composition. Landings from 1956 to 1960 were dominated by large groupers (Epinephelus spp.), and other large predatory fish were commonly caught, including sharks with an average length of just <2 m. In contrast, landings in 2007 were composed of smallsnappers (Lutjanus spp. and Ocyurus chrysurus) with an average length of 34.4 cm (SE 0.62), and the average length of sharks declined by more than 50% over 50 years. Major declines in the size of fish caught were notreflected in the price of fishing trips, so customers paid the same amount for a less-valuable product. Historical photographs provide a window into a more pristine coral reef ecosystem that existed a half a century ago.

McCook, L. J. (1997). Effects of herbivory on zonation of Sargassum spp within fringing reefs of the Central Great Barrier Reef. Marine Biology, 129, 713-722. 


A combination of small-scale transplants and herbivore exclusion was used to test the importance of herbivory, physiological tolerance limits and recruitment dispersal.
McCowan, D. M., Pratchett, M.S., & Bairdi,A.H. (2012). Bleaching susceptibility and mortality among corals with differing growth forms. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13, 9a.
Differences in bleaching susceptibility and mortality are apparent among coral species, and have been variously ascribed to differences in physiology and morphology, in particular overall growth form (e.g., branching versus massive corals). However, coral morphology is highly confounded with taxonomy, and no studies have tested for differences in bleaching susceptibility among corals with varying morphology within (rather than between) coral families. For this study, data were compiled for bleaching susceptibility and mortality from 65 published studies that monitored coral health throughout the bleaching event. Overall patterns of bleaching susceptibility were significantly different among coral growth forms, whereby a much higher proportion of branching, tabular, and submassive corals bleached compared to encrusting, massive, and free-living corals. However, differences in bleaching susceptibility and mortality were not consistent among growth forms within families. Branching faviid species (e.g., Echinopora) had much lower incidence of bleaching compared to massive species, but the reverse was true for Acroporidae and Poritidae. Moreover, mortality was markedly different amongst growth forms within families, such that massive Acroporidae (e.g. Montipora) suffered highest mortality when compared to Faviidae and Poritidae, but branching Acroporidae suffered lowest mortality compared to branching Faviidae and Poritidae. Our data suggest that generalities about the susceptibility of branching versus massive corals (and among other major growth forms) arise at least in part because certain growth forms are over-represented by highly susceptible coral taxa (e.g., Acropora) or perhaps because branching corals generally maintain higher dominance than massive corals.
McCulloch, M., et al. (2012).Coral resilience to ocean acidification and global warming through pH up-regulation. Nature Climate Change, (2) 623-627.
Rapidly rising levels of atmospheric CO2 are not only causing ocean warming, but also lowering seawater pH hence the carbonate saturation state of the oceans, on which many marine organisms depend to calcify their skeletons1,2. Using boron isotope systematics3, we show how scleractinian corals up-regulate pH at their site of calcification such that internal changes are approximately one-half of those in ambient seawater. This species-dependent pH-buffering capacity enables aragonitic corals to raise the saturation state of their calcifying medium, thereby increasing calcification rates at little additional energy cost. Using a model of pH regulation combined with abiotic calcification, we show that the enhanced kinetics of calcification owing to higher temperatures has the potential to counter the effects of ocean acidification. Up-regulation of pH, however, is not ubiquitous among calcifying organisms; those lacking this ability are likely to undergo severe declines in calcification as CO2 levels increase. The capacity to up-regulate pH is thus central to the resilience of calcifiers to ocean acidification, although the fate of zooxanthellate corals ultimately depends on the ability of both the photosymbionts and coral host to adapt to rapidly increasing ocean temperatures.

McEachron, L. W., Colura, R. L., Bumguardner, B. W., & Ward, R. (1998). Survival of stocked red drum in Texas. Bulletin of Marine Science, 62. 
McGehee, A. (1994). Correspondence between assemblages of coral reef fishes and gradients of water motion, depth, and substrate size off Puerto Rico. Marine Ecology - Progress Series, 105, 243-255. 
McGehee, M. A. Coral Reef Community Associations Off Puerto Rico. 
McGuire, M. P. (1997). The biology of the coral Porite astreoides:reproduction, larval settlement behavior and responses to ammonium enrichment. University of Miami. 
McLeod, E., Salm, R., Green, A. & Almany, A. (2008). Designing marine protected area networks

to address the impacts of climate change. Front Ecol Environ, 7(7): 362–370.
Principles for designing marine protected area (MPA) networks that address social, economic, and biological criteria are well established in the scientific literature. Climate change represents a new and serious threat to marine ecosystems, but, to date, few studies have specifically considered how to design MPA networks to be resilient to this emerging threat. Here, we compile the best available information on MPA network design and supplement it with specific recommendations for building resilience into these networks. We provide guidance on size, spacing, shape, risk spreading (representation and replication), critical areas, connectivity, and maintaining ecosystem function to help MPA planners and managers design MPA networks that are more robust in the face of climate-change impacts.

McMellor, S. M. (2007). A Conservation value index to facilitate coral reef evaluation and assessment. Doctor of Philosophy University of Essex. 

 Due to the importance of coral reefs to local communities and the increasing level of natural and anthropogenic impacts upon them, accurate monitoring and assessment of reef condition is necessary to allow the management and sustainable use of these resources. This study tests and compares several commonly utilized benthic sampling techniques and whether they can be implemented by semi-skilled volunteers to provide data to assess reef
condition and help prioritise areas for conservation. The study identified line transects as the most suitable benthic data collection method along with time restricted belt transects for the fish assemblage. Data collected by volunteers after a week long training period was found not to be significantly different from that collected by experienced reef surveyors. Twenty four commonly recorded reef assessment attributes were identified to show differentiation
between sites of varied condition and combined into a two part multi-metric Conservation Value Index (CVI). This index was then tested and used to assess the condition of several reefs in two Marine Protected Areas.

Meyer, J. L., Schultz, E. T., & Helfman, G. S. (1983). Fish schools: An asset to corals
3461. Science, 220, 1047-1049. 
Miller, K. & Mundy, C. (2003). Rapid settlement in broadcast spawning corals: implications for larval dispersal. Coral Reefs, 22.

Miller, M. W. (1997). Effects of Fish Predation and Seaweed Competition on the Survival and Growth of Corals. Oecologia, 113, 231-238. 

High rates of grazing by herbivorous fishes are thought to be beneficial to corals because they consume competitive seaweeds.

Miller, M. W. (1998). Coral/Seaweed Competition and the Control of Reef Community Structure Within and Between Latitudes. Oceanogr.Mar.Biol.Ann.Rev., 36, 65-96.


Understanding interactions of both plant and animal-dominated communities in temperate and tropical coral reefs is vital to successful management and conservation of reef ecosystems.

Miller.M & Hay, M. E. (1996). Coral-Seaweed-Grazer-Nutrient Interactions on Temperate Reefs. Ecological Monographs, 66, 323-344.

Cage exclusions of large herbivores at two offshore sites (primarily fishes) and one inshore site (fishes and urchins) had no significant effect on coral growth.

Milliman, J. D. (1976). Caribbean Coral Reefs.
Mitchell, R. & Ducklow, H. (1976). The slow death of coral reefs Natural History, 85, 106-119.

Mitchelmore, C. L., Schwarz, J. A., & Weis, V. M. (2002). Development of symbiosis-specific genes as biomarkers for the early detection of cnidarian-algal symbiosis breakdown. Marine Environmental Research 54. 

Coral bleaching, i.e. the loss of dinoflagellate symbionts from cnidarian hosts, is occurring globally at increasing rates, scales, and severity. The significance of these bleaching events to the health of coral reef ecosystems is extreme, as bleached corals exhibit high mortality, reduced fecundity and productivity and increased susceptibility to disease. This decreased coral fitness leads to reef degradation and ultimately to the breakdown of the coral reef ecosystem. To date there has been little work describing the application of biomarkers to assess coral health. The most commonly applied biomarker is, in fact, the bleaching event itself. We are interested in developing early warning biomarkers that can detect coral stress before bleaching occurs. Recently, several genes that are likely to function in regulating interactions between cnidarians and their symbionts have been characterized, using the temperate sea anemone Anthopleura elegantissima as a model species. One "symbiosis gene" identified from the host genome, sym32, is expressed as a function of anemone symbiotic-state, where sym32 expression is higher in symbiotic cf. aposymbiotic (symbiont-free) anemones. Real-time quantitative RT-PCR suggested that the level of sym32 expression was correlated with the abundance of algae in the host. 

Molodtsova, T. and N. Budaeva. 2007. Modifications of corallum morphology in black corals as an effect of associated fauna. Bulletin of Marine Science 81(3): 469-480. 


Antipatharians, or black corals, are colonial anthozoans characterized by a chitinous skeletal axis covered to a varying degree with small spines. Important taxonomic features in this group are the size and the structure of polyps, as well as the skeleton morphology, including the mode of branching and/or pinnulation and the spine morphology. Black corals are a characteristic component of seamount suspension-feeding fauna and they often host abundant associated fauna. We examined ?300 antipatharians with symbiotic polychaetes from oceanic rises of the Indo-Pacific region, representing the two families Myriopathidae and Antipathidae. All examined specimens had symbiotic polychaetes of the families Polynoidae [Benhamipolynoe antipathicola (Benham, 1927)] and Eunicidae (Eunice marianae Hartmann-Schröeder, 1998 and Eunice kristiani Hartmann-Schröeder, 1998). It appeared that the morphology of corallum and to some degree the morphology of the skeletal spines was influenced by symbiotic polychaetes. As these features are of a high taxonomic value in antipatharians, they should be used with a caution in black corals with associated polychaete fauna.

Moorsel, G. W. (1983). Reproductive strategies in two closely related stony corals (Agaricia, Scleractinia). Marine Ecology-Progress Series, 13, 273-283.

Whole colonies or parts of Agaricia agaricites forma humilis and forma purpurea were collected from the fringing reef at Curacao from April, 1979 to December, 1980. The release of planula larvae was studied in the laboratory. Findings show that forma humilis employs an opportunistic reproduction strategy compared with forma purpurea.
Mora, C. et al. (2013).Coral Reefs and the Global Network of Marine Protected Areas. Science312, 1750-1751. 
Existing marine reserves are largely ineffective and as a whole remain insufficient for the protection of coral reef diversity

Morgan, L. E., C. F. Tsao, and J. M. Guinotte. 2007. Ecosystem-based management as a tool for protecting deep-sea corals in the USA. Bulletin of Marine Science 81(Supplement 1): 39-48.

In the USA, deep-sea coral habitat protection occurs as a secondary issue to traditional commercial fishery management. Ecosystem-based management (EBM) would better serve the goals of fishery management and deep-sea coral protection for three reasons. First, EBM preserves all parts of the ecosystem regardless of commercial value and prevents collateral damage of fishing activities on sensitive habitats including coral areas. Second, EBM addresses ecosystem stressors, holistically providing a framework to evaluate and manage the combined impacts of fishing and non-fishing threats to deep-sea corals. Third, EBM bases adaptive management on the precautionary principle, allowing emerging science to guide management actions.
 Moyer, R.P., et al. (2012). Linking seasonal changes in benthic community structure to seawater chemistry. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13, 8B.
Ocean acidification (OA) resulting from rising atmospheric CO2 represents a potential threat to marine calcifiers and the ecosystems they inhabit. Numerous studies suggest that decreases in net calcification could compromise coral reef ecosystems within the next few decades to century. The effects of OA, combined with physiological stress from rising temperatures, are global changes thought to cause shifts in community structure that accelerate degradation of coral reefs. The Atlantic OA test-bed (AOAT) in La Parguera, Puerto Rico provides a natural laboratory to autonomously monitor seawater chemistry in situ and understand the unique set of feedbacks and interactions between water column chemistry and benthic habitats. In 2011, seasonal benthic habitat characterizations were conducted at two reefs and one seagrass site at La Parguera to quantify the abundance of major benthic calcifiers and relate changes in benthic community structure to any observed changes in seawater carbonate chemistry. Both reef sites were dominated by fleshy macroalgae, and live coral cover ranged from 8 to 10% in all seasons. Observed seasonal patterns in seawater aragonite saturation state were largely decoupled from subtle changes in both soft coral and calcareous algae abundance. Further investigation of the relationship between algal abundance and overlying water column chemistry is ongoing to improve our understanding of potential feedbacks between reef ecosystems and reef water chemistry.
Muller, E. M. & Van Woesik, R. (2012).Caribbean coral diseases: primary transmission or

secondary infection? Global Change Biology, 18, 3529–3535.

Over the last 40 years, disease outbreaks have significantly reduced coral populations throughout the Caribbean.

Most coral-disease models assume that coral diseases are contagious and that pathogens are transmitted from

infected to susceptible hosts. However, this assumption has not been rigorously tested. We used spatial epidemiology

to examine disease clustering, at scales ranging from meters to tens of kilometers, to determine whether three of the

most common Caribbean coral diseases, (i) yellow-band disease, (ii) dark-spot syndrome, and (iii) white-plague disease, were spatially clustered. For all three diseases, we found no consistent evidence of disease clustering and, therefore, these diseases did not follow a contagious-disease model. We suggest that the expression of some coral diseases is instead a two-step process. First, environmental thresholds are exceeded. Second, these environmental conditions either weaken the corals, which are then more susceptible to infection, or the conditions increase the virulence or abundance of pathogens. Exceeding such environmental thresholds will most likely become increasingly common in rapidly warming oceans, leading to more frequent coral-disease outbreaks.

Mumby, P. J. & et al (2011). Reserve design for uncertain responses of coral reefs to climate change. Ecology Letters, 14, 132-140.

Rising sea temperatures cause mass coral bleaching and threaten reefs worldwide. We show how maps of variations in thermal stress can be used to help manage reefs for climate change. We map proxies of chronic and acute thermal stress and develop evidence-based hypotheses for the future response of corals to each stress regime. We then incorporate spatially realistic predictions of larval connectivity among reefs of the Bahamas and apply novel reserve design algorithms to create reserve networks for a changing climate. We show that scales of larval dispersal are large enough to connect reefs from desirable thermal stress regimes into a reserve network. Critically, we find that reserve designs differ according to the anticipated scope for phenotypic and genetic adaptation in corals, which remains uncertain. Attempts to provide a complete reserve design that hedged against different evolutionary outcomes achieved limited success, which emphasises the importance of considering the scope for adaptation explicitly. Nonetheless, 15% of reserve locations were selected under all evolutionary scenarios, making them a high priority for early designation. Our approach allows new insights into coral holobiont adaptation to be integrated directly into an adaptive approach to management.

Mumby, P. J. & et al (1997). Coral reef habitat mapping: how much detail can remote sensing provide? Marine Biology, 130, 193-202.

The capability of satellite and airborne remote-sensing methods for mapping Caribbean coral
reefs is evaluated. Reef habitats were categorised into coarse, intermediate and ®ne detail, using hierarchical classification of held data (percent cover in 1 m quadrats and seagrass standing-crop). Habitats were defined as assemblages of benthic macro-organisms and substrataand were mapped using the satellite sensors Landsat MSS, Landsat TM, SPOT XS, SPOT Pan and merged Landsat TM/SPOT Pan. Habitats were also mapped using the high-resolution digital airborne sensor, CASI
(compact airborne spectrographic imager). To map ar- eas >60 km in any direction with coarse detail, Landsat TM was the most accurate and cost-e€ective satellite sensor (SPOT XS when <60 km). For maps with intermediate habitat detail, aerial photography (from a comparable study in Anguilla) exhibited similar accuracy to Landsat TM, SPOT XS, SPOT Pan and merged Landsat TM/SPOT Pan. Landsat MSS was consistently the least accurate sensor. Maps from CASI were significantly ( p < 0:001) more accurate than satellite sensors and aerial photographs. Maps with detailed habitat information (i.e. >9 reef classes) had a maximum accuracy of 37% when based on satellite imagery, but aerial photography and CASI achieved accuracies of 67and 81%, respectively. Commissioning of new aerial photography does not appear to be a cost-effective option; satellites are cheaper for coarse habitat-mapping, and detailed habitat-mapping can be conducted moreaccurately and cheaply with CASI.

Mumby, P. J., Edwards, A. J., Arias-Gonzalez, J. E., Lindeman, K. C., Blackwell, P. G., Gall, A. et al. (2004). Mangroves enhance the biomass of coral reef fish communities in the Caribbean. Nature, 427.

Mangrove forests are one of the world's most threatened tropical ecosystems with global loss exceeding 35%. Juvenile coral reef fish often inhabit mangroves, but the importance of these nurseries to reef fish population dynamics has not been quantified. Indeed, mangroves might be expected to have negligible influence on reef fish communities -- juvenile fish can inhabit alternative habitats and fish populations may be regulated by other limiting factors such as larval supply or fishing. Here we show that mangroves are unexpectedly important, serving as an intermediate nursery habitat that may increase the survivorship of young fish. Mangroves in the Caribbean strongly influence the community structure of fish on neighbouring coral reefs. In addition, the biomass of several commercially important species is more than doubled when adult habitat is connected to mangroves. The largest herbivorous fish in the Atlantic, Scarus guacamaia, has a functional dependency on mangroves and has suffered local extinction after mangrove removal. Current rates of mangrove deforestation are likely to have severe deleterious consequences for the ecosystem function, fisheries productivity and resilience of reefs. 

Mumby, P. J. & Steneck, R. S. (2008). Coral reef management and conservation in light of rapidly evolving ecological paradigms.  TRENDS in Ecology and Evolution, 23, 555-563.

 The decline of many coral reef ecosystems in recent decades surprised experienced managers and researchers. It shattered old paradigms that these diverse ecosystems are spatially uniform and temporally
stable on the scale of millennia. We now see reefs as heterogeneous, fragile, globally stressed ecosystems
structured by strong positive or negative feedback processes. We review the causes and consequences of reef decline and ask whether management practices are addressing the problem at appropriate scales. We conclude that both science and management are currently failing to address the co management of extractive
activities and ecological processes that drive ecosystems (e.g. productivity and herbivory). Most reef
conservation efforts are directed toward reserve implementation, but new approaches are needed to sustain
ecosystem function in exploited areas.

Mumby, P. J. & Harborne, A. R. (2010). Marine Reserves Enhance the Recovery of Corals on Caribbean Reefs. PLOS, 5, 1-7.

With increasing rates of global change, the need to conserve key ecosystem services, largely through conservation measures, is greater than ever [1]. In many cases, the implementation of conservation measures for dealing with global change involves a short-term economic cost to local stakeholders and adoption of conservation practices is most likely to be successful when the impacts of the conservation tool are demonstrably beneficial [2]. Frequently, however, the efficacy of conservation tools, such as reserves, is incompletely understood or controversial. This problem is amply demonstrated on coral reefs, where no-take marine reserves are the most widely-used conservation tool [3,4]. While the efficacy of reserves in promoting biodiversity and fish biomass by reducing local-scale stressors has been widely documented [5–7], there is an increasing desire to establish whether reserves can also build coral resilience and offset the effects of global climate change that elevate coral mortality and constrain coral calcification.
Mundy, C. & Babcock, R. C. (1998). Role of light intensity and spectral quality in coral settlement: Implications for depth-dependent settlement. Journal of Experimental Marine Biology and Ecology, 223, 235-255.

 On coral reefs scleractinian corals show strong patterns of vertical zonation, yet the underlying mechanisms creating and maintaining vertical zonation are poorly understood. Here we examine the potential contribution of light-dependent settlement in scleractinian coral planulae to patterns of vertical zonation. The effect of intensity and spectral quality of light on the settlement of six species of scleractinian corals (Goniastrea favulus Dana, Goniastrea aspera Verrill, Acropora tenuis Dana, Oxypora lacera Verrill, Montipora peltiformis Bernard, and Platygyra daedalea Ellis and Solander) with contrasting depth distributions was examined in laboratory trials. Light-dependent settlement was shown by planulae from five of the six species examined. Planulae from individual species showed a response to either Light quality or Light quantity, but not both. Settlement patterns shown by planulae from all six species were consistent with the vertical distribution patterns of adults in the field. 
Muñoz, P. D. & Sayago-Gil, M. (2011). An overview of cold-water coral protection on the high seas: The Hatton Bank (NE Atlantic) - A case study. Marine Policy, 35, 615-622. 

The present paper provides an overview of cold-water corals protection in the Hatton Bank deep-water fisheries through the implementation of the United Nations General Assembly resolution 61/105. The methodology and scientific evidence used to propose protection of cold-water coral ecosystems in the high seas (~16,000 km²) are briefly summarised. The role of international agents and importance of interdisciplinary research for making management decisions are furthermore described. Implementation was slow because (i) of scarce initial scientific knowledge, (ii) research on the high seas was difficult and expensive, (iii) there were several international interests at stake, (iv) agreement from a number of agents was needed, and (v) international advisory and decision making processes were quite slow. Some lessons learned are also discussed since these may help to increase protection efficiency of deep-sea vulnerable marine ecosystems in the high seas.

Muszynski, F. Z., Bruckner, A., Armstrong, R. A., & et al (1998). Within-colony variations of UV absorption in a reef building coral. Bulletin of Marine Science, 63, 589-594.

 Concentration and composition of ultraviolet (UV) absorbing substances have been found to vary in corals found at different depths, between color morphs of conspecifics and between coral species. In this study, spatial distribution patterns of UV-absorbing compounds were found to differ within individual colonies of the reef building coral Montastraea annularis. Extracts from coral cores were analyzed spectrophotometricaly to determine total concentration of UV-absorbing compounds and HPLC analyses were performed to identify specific mycosporine-like-amino-acids (MAAs) and their concentrations. The greatest UV absorbance was measured on the top of the colony with intermediate values on the vertical sides and lowest absorbance near the base. Variations in UV absorbance corresponded to the expected incident UV radiation regime along the surface of the coral with a five-fold increase in UV absorption on the top when compared with the base of the coral. HPLC analysis of M. annularis extracts demonstrated that the increase in UV absorption on the top of the colony was largely due to a higher concentration of the two dominant compounds, mycosporine-glycine and palythine. This study demonstrates that individual coral colonies exhibit considerable plasticity in their capacity to absorb UV radiation, emphasizing that sampling location within a colony must be a primary consideration when making comparisons of UV-absorbing capabilities between colonies, between species or along depth gradients.
Myers, R. F. (1989). Micronesian reef fishes: a practical guide to the identification of the coral reef fishes of the tropical central and western Pacific Barrigada, Territory of Guam U.S.A.: Coral Graphics.


Naar, D. F. (2005). Completion of Multibeam Mapping in Madison- Swanson Marine Protected Area.  National Oceanic and Atmospheric Administration Coral Reef Conservation Grant Program Fiscal Year 2002 (Rep. No.  CRCG 2002).  

Nagelkerken, I., van der Velde, G., Gorissen, M. W., Meijer, G. J., van't Hof, T., & den Hartog, C. (2000). Importance of Mangroves, Seagrass Beds and the Shallow Coral Reef as a Nursery for Important Coral Reef Fishes, Using a Visual Census Technique. Estuarine, Coastal and Shelf Science, 51.

The nursery function of various biotopes for coral reef fishes was investigated on Bonaire, Netherlands Antilles. Length and abundance of 16 commercially important reef fish species were determined by means of visual censuses during the day in six different biotopes: mangrove prop-roots (Rhizophora mangle) and seagrass beds (Thalassia testudinum) in Lac Bay, and four depth zones on the coral reef (0 to 3 m, 3 to 5 m, 10 to 15 m and 15 to 20 m). The mangroves, seagrass beds and shallow coral reef (0 to 3 m) appeared to be the main nursery biotopes for the juveniles of the selected species. Mutual comparison between biotopes showed that the seagrass beds were the most important nursery biotope for juvenile Haemulon flavolineatum, H. sciurus, Ocyurus chrysurus, Acanthurus chirurgus and Sparisoma viride, the mangroves for juvenile Lutjanus apodus, L. griseus,Sphyraena barracuda and Chaetodon capistratus, and the shallow coral reef for juvenile H. chrysargyreum,L. mahogoni , A. bahianus and Abudefduf saxatilis. Juvenile Acanthurus coeruleus utilized all six biotopes, while juvenile H. carbonarium and Anisotremus surinamensis were not observed in any of the six biotopes. Although fishes showed a clear preference for a specific nursery biotope, most fish species utilized multiple nursery biotopes simultaneously. The almost complete absence of juveniles on the deeper reef zones indicates the high dependence of juveniles on the shallow water biotopes as a nursery. For most fish species an (partial) ontogenetic shift was observed at a particular life stage from their (shallow) nursery biotopes to the (deeper) coral reef. Cluster analyses showed that closely related species within the families Haemulidae, Lutjanidae and Acanthuridae, and the different size classes within species in most cases had a spatial separation in biotope utilization.

Nagelkerken, I., Roberts, C. M., van der Velde, G., Dorenbosch, M., van Riel, M. C., de la Moriniere, E. C. et al. (2002). How important are mangroves and seagrass beds for coral-reef fish? The nursery hypothesis tested on an island scale. Marine Ecology Progress Series, 244.

There has been much controversy over the degree to which mangroves and seagrass beds function as nursery habitats for the juveniles of fish species that live on coral reefs as adults. In previous studies we have shown that the juveniles of at least 17 Caribbean reef-fish species are highly associated with bays containing mangroves and seagrass beds as nurseries, and that juveniles of these species are absent in bays lacking such habitats. In this study we therefore hypothesised that on islands lacking these bay nursery habitats, adults of these fish species will be absent or show low densities on the coral reef. Densities of the 17 species were compared between the reefs of Caribbean islands with and without mangroves and seagrass beds. On reefs of islands lacking these habitats, complete absence or low densities were observed for 11 of the 17 species, several of which are of commercial importance to fisheries. This finding suggests a very important nursery function of such habitats and implies that the densities of several fish species on coral reefs are a function of the presence of nearby bays containing mangroves and seagrass beds as nurseries. The results indicate that degradation or loss of these habitats could have significant impacts on reef-fish stocks in the Caribbean.

Nagelkerken, W. P. (1979). Biology of the graysby, {IEpinephelus cruentatus}, of the coral reef of Curaâ€¡ao Studies on the Fauna of Curaâ€¡ao and Other Caribbean Islands, 60, 1-118.

Nagelkerken, W. (1977). The distribution of the graysby {IPetrometopon cruentatum} (Lacepede) on the coral reef at the southwest coast of Curacao Proceedings of the International Coral Reef Symposium, 3rd, 311-315.
Nagelkerken, W. (1978). The biology of the graysby, {IEpinephelus cruentatus}, of the coral reef along the southwest coast of Curaâ€¡ao. 142 pages.

Nakamura, M. & t al (2011). Coral larvae under ocean acidification: Survival, metabolism, and metamorphosis. 
PLoS ONE, 6.

Ocean acidification may negatively impact the early life stages of some marine invertebrates including corals. Although reduced growth of juvenile corals in acidified seawater has been reported, coral larvae have been reported to demonstrate some level of tolerance to reduced pH. We hypothesize that the observed tolerance of coral larvae to low pH may be partly explained by reduced metabolic rates in acidified seawater because both calcifying and non-calcifying marine invertebrates could show metabolic depression under reduced pH in order to enhance their survival. In this study, after 3-d and 7-d exposure to three different pH levels (8.0, 7.6, and 7.3), we found that the oxygen consumption of Acropora digitifera larvae tended to be suppressed with reduced pH, although a statistically significant difference was not observed between pH conditions. Larval metamorphosis was also observed, confirming that successful recruitment is impaired when metamorphosis is disrupted, despite larval survival. Results also showed that the metamorphosis rate significantly decreased under acidified seawater conditions after both short (2 h) and long (7 d) term exposure. These results imply that acidified seawater impacts larval physiology, suggesting that suppressed metabolism and metamorphosis may alter the dispersal potential of larvae and subsequently reduce the resilience of coral communities in the near future as the ocean pH decreases.

Negri, A. P. & Heyward, A. J. (2001). Inhibition of coral fertilisation and larval metamorphosis by tributyltin and copper. Marine Environmental Research, 51, 17-27.

Fertilisation and larval metamorphosis of reef-building corals are important life history events leading to recruitment of juvenile corals to reef populations. Little is known of the sensitivity of these early life phases to pollution, or their relative susceptibility to certain toxicants compared with established coral colonies. Inhibition of fertilisation and larval metamorphosis of the coral Acropora millepora (Ehrenberg, 1834) was assessed in response to solutions of the antifoulants tributyltin (TBT) and copper (Cu) using laboratory-based bioassays. Nominal concentrations that inhibited 50% fertilisation and metamorphosis (IC50) were calculated from 4 h fertilisation and 24 h metamorphosis assays and were based on introduced dose. Cu was most potent towards fertilisation with an IC50 of 17.4 micrograms/l. TBT however, proved more toxic to larval metamorphosis having an IC50 of 2.0 micrograms/l. Inert surfaces coated with either Cu- or TBT-based antifouling paint also inhibited fertilisation and metamorphosis. The degree of inhibition was correlated with surface area of the paint coating. These results indicate fertilisation and metamorphosis of coral can be sensitive to active components of antifouling paints.

Neudecker, S. (1977). Transplant experiments to test the effect of fish grazing on coral distribution. Proceedings of the International Coral Reef Symposium, 317-323.

Neudecker, S. (1979). Effects of grazing and browsing fishes on the zonation of corals in Guam. Ecology, 60, 
666-672.

Nichol, S. & Temporal Distribution of the Bycatch of Red Snapper by the Shrimp Fishery in the Offshore Waters of the US Gulf of Mexico (1990). The Spatial and Temporal Distribution of the Bycatch of Red Snapper by the Shrimp Fishery in the Offshore Waters of the US Gulf of Mexico Pascagoula, MS: NMFS.

Much of the data relevant to potential seasonal and areal closures of the shrimp fishery to reduce
bycatch of red snapper are collected in this document. Data include observations made by biologist aboard commercial shrimp vessels, research trawl data, and results derived from commercial statistics on the distribution of shrimp effort and fishing mortality rate. Red snapper and offshore brown shrimp are similarity distributed in time and space, which makes it difficult to identify potential closure areas which could reduce bycatch substantially without reducing the shrimp harvest considerably as well. Estimates of bycatch reduction for a series of potential closures requested through Council Staff are included. Several alternative assumptions are considered in the estimates, to demonstrate the possible effects our incomplete knowledge on the estimates of bycatch reduction. Uncertainty about the true distribution of juvenile red snapper is a problem, but a secondary one to uncertainty about how shrimp effort may respond to any particular closure strategy.

NOAA (1993). Coral Records of Ocean-Atmosphere Variability: Report from the workshop on Coral Paleoclimate Reconstruction La Parguera, Puerto Rico: NOAA Climate and Global Change Program.

Norse, E.A., et al. (2011). Sustainability of deep-sea fisheries. Marine Policy 36. 307–320.
As coastal fisheries around the world have collapsed, industrial fishing as spread seaward and deeper in pursuit  of the last economically attractive concentrations of fishable biomass.For a seafood-hungry world depending on the oceans’ecosystem services,it is crucial to know whether deep-seafisheriescan be sustainable. The deep sea is by far the largest but least productive part of the oceans, although in very limited places fish biomass can be very high. Most deep-sea fishes have life histories giving them far less population resilience/productivity than shallow-waterfishes,and could be fished sustainably only at very low catchrates if population resilience were the sole consideration.But like old-growth trees and great whales,their biomass makes them tempting targets while their low productivity creates strong economicincentivetoliquidatetheirpopulations rather than   exploitingthemsustainably(Clark’sLaw). Many deep-seafisheries use bottomtrawls,which often have high impacts on nontarget fishes (e.g., sharks)and invertebrates(e.g.,corals),and can ofte nproceed only because they receive massive government subsidies.The combination of very low target population productivity, nonselective fishing gear, economics that favor population liquidation and a very weak regulatory regime makesdeep-sea fisheries unsustainable with very few exceptions.
O'Neill, T. (1978). Dazzling corals of Palau. National Geographic Magazine, 154, 134-149.
Odum, H. T. & Odum, E. P. (1955). Trophic structure and productivity of a windward coral reef community on Eniwetok Atoll 2760. Ecological Monographs, 25, 291-320.


Ogden, J. C. & Lobel, P. S. (1978). The role of herbivorous fishes and urchins in coral reef communities. Environmental Biology of Fishes, 3, 49-63.

 A discussion of how foraging activities of tropical marine herbivores affect the distribution and abundance of algae and how these activities contribute to the development of coral reef structure and their fish assemblages.

Ogden, J. C. & Ebersole, J. P. (1981). Scale and community of coral reef fishes: A long-term study of a large artificial reef. Marine Ecology - Progress Series, 4, 97-103.

Ogden, J. C. (1986). Comparison of the Tropical Western Atlantic/Caribbean and the Indo-Pacific: Herbivore-Plant Interactions (Rep. No. 46). St Croix, USVI: Unesco.

Differences in the spatial relationships between herbivores and plants were studied in the corals, seagrass beds and mangroves of the Caribbean and Indo-Pacific.
Ogden, J. C. & Gladfelter, E. H. (1983). Coral Reefs, seagrass beds and mangroves: their interaction in the coastal zones of the Caribbean  Montevideo, Uruguay: Unesco.

Ogden, J. C. (1997). Marine managers look upstream for connections
6510. Science, 278, 1414-1416.

The Florida Keys are the focus of a major national effort to manage a large land-sea area. In response to drastic declines in coral reefs and fishes and to create a buffer zone from shipping, Congress in 1990 created the 9500-km2 Florida Keys National Marine Sanctuary. Although it is now exceeded in size by the Monterey Bay National Marine Sanctuary, its unique management plan includes virtually every conceivable human interaction with the marine environment. A state-federal partnership implementing this pioneering effort at coastal marine resources management was signed on 1 July.

Olla, B. L., Davies, M. W., & Ryer, C. H. (1998). Understanding how the hatchery environment represses or promotes the development of behavioral survival skills. Bulletin of Marine Science, 62.

Oren, U., Brickner, I., & Loya, Y. (1998). Prudent sessile feeding by the corallivore snail Corlalliophila violacea on coral energy sinks. The Royal Society, 2043-2051.

Convergence of form and function has accompanied the evolution of modular growth in terrestrial plants and colonial marine invertebrates. Part of this convergence is related to the optimal exploitation of resources (space and light) and the ability to translocate energy products from sources to sink sites. Feeding on the energy pathways and energy sinks of terrestrial plants is a well-known phenomenon. Hermatypic corals, the major organisms constructing tropical reef environments, contain photosynthetic algae (zooxanthellae), energetic products of which are translocated towards sink sites located at the corals' growing tips and regenerating areas. Despite the plant coral convergence in energy pathways and sinks, there has been no evidence to date that coral energy sinks are exploited by coral predators. Gastro-pods of the genus Coralliophila are found feeding on coral margins, causing small and localized tissue damage. However, the ability of these snails to continue to feed without moving over a long period remains puzzling. Using a 14C labeling technique, we found that colony margins of the stony coral Porites function as major energy sinks. When snails inhabited these sites they incorporated significant amounts of 14C, indicating that they had fed on photosynthetic products translocated from the interior of the colony. 
Ostrander, G. K., Armstrong, K. M., Knobbe, E. T., Gerace, D., & Scully, E. P. (2000). Rapid transition in the structure of a coral reef community: The effects of coral bleaching and physical disturbance. PNAS, 97.
Coral reef communities are in a state of change throughout their geographical range. Factors contributing to this change include bleaching (the loss of algal symbionts), storm damage, disease, and

increasing abundance of macroalgae. An additional factor for Caribbean reefs is the aftereffects of the epizootic that reduced the abundance of the herbivorous sea urchin, Diadema antillarum.

Although coral reef communities have undergone phase shifts, there are few studies that document the details of such transitions. We report the results of a 40-month study that documents changes in a Caribbean reef community affected by bleaching, hurricane damage, and an increasing abundance of macroalgae. The study

site was in a relatively pristine area of the reef surrounding the island of San Salvador in the Bahamas. Ten transects were sampled every 3–9 months from November 1994 to February 1998. During this period, the corals experienced a massive bleaching event resulting in a significant decline in coral abundance. Algae, especially

macroalgae, increased in abundance until they effectively dominated the substrate. The direct impact of Hurricane Lili in October 1996 did not alter the developing community structure and may have facilitated increasing algal abundance. The results of this study document the rapid transition of this reef community

from one in which corals and algae were codominant to a community dominated by macroalgae. The relatively brief time period required for this transition illustrates the dynamic nature of reef communities.

Ott, B. & Lewis, L. (1972). The Importance of the Gatropod Coralliophila abbrevita (Lamarck) and the polychaete Hemodice carancula  (Pallas) as coral reef predators. Canadian Journal of Zoology, 50, 1651-1656.

The importance of the  stenoglossan prosobranch gastropod Coralliophila abbreviata (Lamarck) and the amophinomid errant polychaete Hermodice carunculata (Pallas) as coral predators in Barbados were studied.

Palandro D., S. & et al (2008). Quantification of two decades of shallow-water coral reef habitat decline in the Florida Keys National Marine Sanctuary using Landsat data (1984-2002).  Remote Sensing of Environment, 112, 3388-3399.

The loss of coral reef habitats has been witnessed at a global scale including in the Florida Keys and the Caribbean. In addition to field surveys that can be spatially limited, remote sensing can provide a synoptic view of the changes occurring on coral reef habitats. Here, we utilize an 18-year time series of Landsat 5/TM and 7/ETM+ images to assess changes in eight coral reef sites in the Florida Keys National Marine Sanctuary, namely Carysfort Reef, Grecian Rocks, Molasses Reef, Conch Reef, Sombrero Reef, Looe Key Reef, Western Sambo and Sand Key Reef. Twenty-eight Landsat images (1984–2002) were used, with imagery gathered every 2 years during spring, and every 6 years during fall. The image dataset was georectified, calibrated to remote sensing reflectance and corrected for atmospheric and water-column effects. A Mahalanobis distance classification was trained for four habitat classes ('coral', 'sand', 'bare hardbottom' and 'covered hardbottom') using in situ ground-truthing data collected in 2003–2004 and using the spectral statistics from a 2002 image. The red band was considered useful only for benthic habitats in depths less than 6 m. Overall mean coral habitat loss for all sites classified by Landsat was 61% (3.4%/year), from a percentage habitat cover of 19% (1984) down to 7.6% (2002). The classification results for the eight different sites were critically reviewed. A direct trend comparison between the entire CREMP percent coral cover data set (1996–2004) and the entire Landsat-derived coral habitat areas showed no significant difference between the two time series (ANCOVA; F-test, p = 0.303, n = 32), despite the different scales of measurements.

Pandolfi, J. M. & et al (2011). Projecting coral reef futures under global warming and ocean acidification. Science, 333, 418-422.

Many physiological responses in present-day coral reefs to climate change are interpreted as consistent with the imminent disappearance of modern reefs globally because of annual mass bleaching events, carbonate dissolution, and insufficient time for substantial evolutionary responses. Emerging evidence for variability in the coral calcification response to acidification, geographical variation in bleaching susceptibility and recovery, responses to past climate change, and potential rates of adaptation to rapid warming supports an alternative scenario in which reef degradation occurs with greater temporal and spatial heterogeneity than current projections suggest. Reducing uncertainty in projecting coral reef futures requires improved understanding of past responses to rapid climate change; physiological responses to interacting factors, such as temperature, acidification, and nutrients; and the costs and constraints imposed by acclimation and adaptation.

Parish, J. D. & Zimmerman, R. J. (1977). Utilization by fishes of space and food resources on an offshore Puerto Rican coral reef and its surroundings  Proceedings of the International Coral Reef Symposium, 3rd, 297-303. 
Parrish, F. A. 2007. Density and habitat of three deep-sea corals in the lower Hawaiian chain. Bulletin of Marine Science 81(Supplement 1): 185-194.
Subphotic contours were surveyed between 350 and 500 m at six deep-sea coral beds in Hawaii. The density and mean height for the deep-sea corals Corallium secundum Dana, 1846, Corallium lauuense Bayer, 1956, and Gerardia sp. at each bed were recorded relative to temperature, substrate, and bottom relief. Species composition and density at the six sites varied; however, the mean size of the coral colonies did not vary except at sites where there was a history of coral harvesting. The Corallium species had the highest densities and, at some sites, were found in mono-specific patches. The three coral taxa overlapped in their depth range. Water temperature varied as much as 3-4 °C across the six stations. Multi-year monitoring at two of the sites indicated that temperature differences persisted year-round and exhibited monthly and seasonal fluctuations. All three coral taxa colonized both carbonate and basalt/manganese substrates. The largest patches of C. secundum were found on flat exposed bottom, whereas C. lauuense encrusted uneven rocky bottom. Corallium lauuense was often intermixed with Gerardia sp., which colonized cliffs, pinnacles, and the tops of walls. Of the habitat variables, bottom relief best explained the distribution of the three coral taxa. It is hypothesized that the corals favor areas where bottom relief enhances or modifies flow characteristics perhaps improving the colony's feeding success.

Patterson, K. L. & et al (2002). The etiology of whitepox, a lethal disease of the Caribbean elkhorn coral, Acropora palmata.  In (pp. 8725-8730).

Populations of the shallow-water Caribbean elkhorn coral, Acropora palmata, are being decimated by white pox disease, with losses of living cover in the Florida Keys typically in excess of 70%. The rate of tissue loss is rapid, averaging 2.5 cm2?day-1, and is greatest during periods of seasonally elevated temperature. In Florida, the spread of white pox fits the contagion model, with nearest neighbors most susceptible to infection. In this report, we identify a common fecal enterobacterium, Serratia marcescens, as the causal agent of white pox. This is the first time, to our knowledge, that a bacterial species associated with the human gut has been shown to be a marine invertebrate pathogen.

Paul, V. J. K. & et al (2011). Chemically mediated interactions between macroalgaeDictyotaspp. and multiple life-history stages of the coral Porites astreoides. Marine Ecology Progress Series, 426, 161-170.


Competition between corals and macroalgae is often assumed to occur on reefs, especially those that have undergone shifts from coral to algal dominance; however, data examining these competitive interactions, especially during the early life-history stages of corals, are scarce. We conducted a series of field and outdoor seawater-table experiments to test the hypothesis that allelopathy (chemical inhibition) mediates interactions between 2 common brown macroalgae, Dictyota pulchella and D. pinnatifida, and the coral Porites astreoides at different life-history stages of the coral. D. pinnatifida significantly reduced larval survival and larval recruitment. The extracts of both D. pinnatifida and D. pulchella significantly reduced larval survival, and the extract of D. pulchella also negatively influenced larval recruitment. There was no measurable effect of the crude extracts from Dictyota spp. on the photophysiology of adult corals. Our results provide evidence that these Dictyota species chemically compete with P. astreoides by negatively affecting larval settlement and recruitment as well as the survival of larvae and new recruits. Macroalgae may perpetuate their dominance on degraded reefs by chemically inhibiting the process of coral recruitment.

Perkol-Finkel, S., Shashar, N., & Benayahu, Y. (2006). Can artificial reefs mimic natural reef communities? The roles of structural features and age. Marine Environmental Research, 61, 121-135.

In light of the deteriorating state of coral reefs worldwide, the need to rehabilitate marine
environments has greatly increased. Artificial reefs (ARs) have been suggested as a tool for
reef conservation and rehabilitation. Although successions of AR communities have been thoroughly studied, current understanding of the interactions between artificial and natural reefs (NRs) is poor and a fundamental question still to be answered is that of whether AR communities can mimic adjacent NR communities. We suggest three alternative hypotheses: Neighboring ARs and NRs will (1) achieve a similar community structure given sufficient time; (2) be similar only if they possess similar structural features; (3) always differ, regardless of age or structural features. We examined these hypotheses by comparing the community structure on a 119-year old shipwreck to a neighboring NR. Fouling organisms, including stony and soft corals, sponges, tunicates, sea anemones and hydrozoans were recorded and measured along belt transects. 

Phillips, N.W., Gettleson, D.A., Spring, K.D.,  (1990). Benthic Biological Studies of the Southwest Florida Shelf Amer. Zool., 30. 65-75.

Between 1980 and 1987, the U.S. Department ofthe Interior funded a series of benthic studies ofthe continental shelf off south western Florida. The goal was to gather environmental information in order to make decisions about offshore oil leasing. One major study element was habitat mapping. Fourteen transects were surveyed geo-physically (side scan sonar, subbottom profiler) and visually (underwater video and still cameras), and the results were compiled in atlases showing the distribution of substratum types and visually distinct benthic communities. Rock outcrops were rarely seen and usually of low relief (< 1 m), but patches of reef-associated sessile epifauna such as sponges, hard corals, gorgonians, ascidians, and bryozoans occupied 31% ofthe seafloor surveyed. Most of the sessile epifauna were seen on hard bottom covered by a thin sand veneer, or on biogenic rubble layers (shell rubble, coralline algal nodules). A second major study element was benthic station sampling. Fifty-five stations were sampled from two to twelve times each, and over 1,500 species of epibiota and over 1,100 species of macroinfauna were identified. The species composition of both hard- and soft-bottom communities varied primarily in relation to water depth.

Pickering, H. & Whitmarsh, D. Artificial reefs and fisheries exploitation: a review of the ‘attraction versus production’ debate, the influence of design and its significance for policy Fisheries Research 31. 39-59.

Amidst the growing volume of published research on artificial reefs, one of the key questions concerns their potential forenhancing production over and above merely serving to attract and concentrate fish at specific sites. This paper reviews the ‘attraction versus production’ debate, highlighting the key role of design in determining a reef’s effectiveness. Though some studies have apparently demonstrated that artificial reefs are capable of acting as production enhancers, others have not, for reasons which may be associated with the design of the reef itself. The review identifies a number of lines of enquiry for future research, and argues that while the proper design of a reef is essential to maxim&e productive potential, this may be of little value in the absence of a management strategy aimed at controlling the build-up of harvesting pressure which some reefs may engender.
Pisapia, C. Cole, A.J., Pratchett, M.S. (2012).  Changing feeding preferences of butterflyfishes following coral
Bleaching. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13, 13C.

Climate-induced coral bleaching poses a significant threat to reef fishes, especially for those fishes

that rely on corals for food. Aside from the direct effects of coral loss, whereby many fishes decline in

abundance in accordance with loss of live coral, coral-feeding fishes often exhibit a reduction in feeding

intensity upon bleached colonies. These observations suggest that the nutritional quality of bleached corals may

be compromised, but this is yet to be examined. In this study, we compared feeding preferences of coral-feeding

butterflyfishes on bleached versus unbleached corals, and quantified total lipid content of the corals to assess

whether changes in prey preferences reflected changes in food quality. The study was conducted in

experimental aquaria with two species of corallivorous butterflyfish Chaetodon plebeius, and Chaetodon

lunulatus. Only C. plebeius reduced feeding on bleached coral colonies compared with healthy (unbleached)

colonies, while C. lunulatus showed no preference in feeding between bleached and unbleached corals.

However, no decline in total lipid content of corals was observed following bleaching, suggesting that it is not

changes in prey quality (measured based on total lipid content) that led to observed changes in patterns of prey use.
Pittman SJ, Brown KA (2011) Multi-Scale Approach for Predicting Fish Species Distributions across Coral Reef Seascapes. PLoS ONE 6(5): e20583. doi:10.1371/journal.pone.0020583

Pittman, S.J.; Costa, B.M., and Battista, T.A., (2009). Using lidar bathymetry and boosted regression trees to predict the diversity and abundance of fish and corals. Journal of Coastal Research, SI (53), 27–38.

Coral reef ecosystems are topographically complex environments and this structural heterogeneity influences the distribution, abundance and behavior of marine organisms. Airborne hydrographic lidar (Light Detection and Ranging) provides high resolution digital bathymetry from which topographic complexity can be quantified at multiple spatial scales. To assess the utility of lidar data as a predictor of fish and coral diversity and abundance, seven different morphometrics were applied to a 4 m resolution bathymetry grid and then quantified at multiple spatial scales (i.e., 15, 25, 50, 100, 200 and 300 m radii) using a circular moving window analysis. Predictive models for nineteen fish metrics and two coral metrics were developed using the new statistical learning technique of stochastic gradient boosting applied to regression trees. Predictive models explained 72% of the variance in herbivore biomass, 68% of parrotfish biomass, 65% of coral species richness and 64% of fish species richness. Slope of the slope (a measure of the magnitude of slope change) at relatively local spatial scales (15-100 m radii) emerged as the single best predictor. Herbivorous fish responded to topographic complexity at spatial scales of 15 and 25 m radii, whereas broader spatial scales of between 25 and 300 m radii were relevant for piscivorous fish. This study demonstrates great utility for lidar-derived bathymetry in the future development of benthic habitat maps and faunal distribution maps to support ecosystem-based management and marine spatial planning. Two of the major limitations to effective management of coral reef ecosystems are a lack of information on the spatial distribution of marine species and a paucity of data on the interacting environmental variables that drive distributional patterns. Advances in marine remote sensing, together with the novel integration of landscape ecology and advanced niche modelling techniques provide an unprecedented opportunity to reliably model and map marine species distributions across many kilometres of coral reef ecosystems. We developed a multi-scale approach using three-dimensional seafloor morphology and across-shelf location to predict spatial distributions for five common Caribbean fish species. Seascape topography was quantified from high resolution bathymetry at five spatial scales (5–300 m radii) surrounding fish survey sites. Model performance and map accuracy was assessed for two high performing machine-learning algorithms: Boosted Regression Trees (BRT) and Maximum Entropy Species Distribution Modelling (MaxEnt). We demonstrate that reliable spatial predictions for a range of key fish species can be achieved by modelling the interaction between the geographical location across the shelf and the topographic heterogeneity of seafloor structure. 

Pittman, S. J., Christensen, J. D., Caldow, C., Menza, C., & Monaco, M. E. (2007). Predictive mapping of fish species richness across shallow-water seascapes in the Caribbean. Ecological Modeling, 204, 9-21.

Effective management of coral reef ecosystems requires accurate, quantitative and spatially explicit information on patterns of species richness at spatial scales relevant to the management process. We combined empirical modelling techniques, remotely sensed data, field observations and GIS to develop a novel multi-scale approach for predicting fish species richness across a compositionally and topographically complex mosaic of marine habitat types in the U.S. Caribbean. First, the performance of three different modelling techniques (multiple linear regression, neural networks and regression trees) was compared using data from southwestern Puerto Rico and evaluated using multiple measures of predictive accuracy. Second, the best performing model was selected. Third, the generality of the best performing model was assessed through application to two geographically distinct coral reef ecosystems in the neighbouring U.S. Virgin Islands. Overall, regression trees outperformed multiple linear regression and neural networks. The best performing regression tree model of fish species richness (high, medium, low classes) in southwestern Puerto Rico exhibited an overall map accuracy of 75%; 83.4% when only high and low species richness areas were evaluated. In agreement with well recognized ecological relationships, areas of high fish species richness were predicted for the most bathymetrically complex areas with high mean rugosity and high bathymetric variance quantified at two different spatial extents (â‰¤0.01 km2). Water depth and the amount of seagrasses and hard-bottom habitat in the seascape were of secondary importance. This model also provided good predictions in two geographically distinct regions indicating a high level of generality in the habitat variables selected. Results indicated that accurate predictions of fish species richness could be achieved in future studies using remotely sensed measures of topographic complexity alone. This integration of empirical modelling techniques with spatial technologies provides an important new tool in support of ecosystem-based management for coral reef ecosystems.
Popper, D. & Fishelson, L. (1973). Ecology and behavior of {IAnthias squamipinnis} (Peters, 1855) (Anthiidae, Teleostei) in the coral habitat of Eilat (Red Sea) Journal of Experimental Zoology, 184, 409-424. 
Porter, J.W., et al. (2012) Catastrophic Loss of Acropora palmata in the Florida Keys: Failure of the ‘Sorcerer’s Apprentice Effect’ to Aid Recovery Following the 2005 Atlantic Hurricane Season. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 19B.
Climate change scenarios predict stronger and more frequent hurricanes. We studied survival patterns of Acropora palmata during the hyper-active 2005 Atlantic Hurricane Season [AHS] to assess future effects of routinely elevated storm seasons. Before the start of the 2005 AHS, 105 colonies on three survey reefs in the EPA/NOAA Coral Reef Monitoring Project were marked and tracked through 2007. Only 13 of the original 105 marked colonies survived the 2005 AHS (12%). When grouped into classes based on a combination of size, morphology, and position, results show a highly significant interaction between these classes and survivorship (Chi Sq. = 23.61; d.f. = 1; ρ < 0.0001). None of the large, 3-D exposed corals, and few of the medium, 3-D exposed corals survived. By contrast, highest survivorship occurred among small, 2-D protected corals. Medium-sized, 2-D protected corals had intermediate survival rates. None of the corals that were loose on the bottom survived. By asexual reproduction mechanisms such as breakage and fission, the so-called ‘Sorcerer’s Apprentice Effects,’ these 13 original colonies were represented on the post-hurricane reef by 33 distinct propagules (9 pieces by breakage and 24 by fission). None of the colonies formed by breakage and only 3 of the colonies formed by fission remained by 2007. No putative sexual recruitment was observed in the two years following the 2005 AHS. As a matter of public policy, we should undertake colony cementation and snail removal as perhaps the only way to promote Acropora palmata regrowth and recolonization following catastrophic disturbances.
Porter, J. W. (2002). The Everglades, Florida Bay & Coral Reefs of the Florida Keys :an ecosystem source book . Boca Raton: CRC Press. 
Potts, D. C. (1977). Suppression of Coral  Populations by Filamentous Algae Within Damselfish Territories. Journal of Experimental Biology and Ecology, 28, 207-216. 

Transplanted pieces of the coral Acropora palifera Lamarck simulating colonies 20- years old were adversely affected by dense algae sediment mats developed in response to reduced grazing pressures within territories of the damselfish Dischistodus perspicillatus.
Pratchett, M. et al. (2012). Interdependence between reef fishes andscleractinian corals. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13, 13C.
Scleractinian corals are the primary habitat-forming species in healthy, intact coral reef ecosystems.

Removal or destruction of corals will therefore, profoundly alter the structure and dynamics of coral-reef

habitats, with likely effects across a diverse range of reef fishes. Conversely, many reef fishes are considered

fundamental to the structure and resilience of reef ecosystems, such that degradation of coral-dominated

habitats may initiate a downward spiral in ecosystem state leading to fundamental shifts in structure and

function. This paper explores strong interdependence between reef fishes and scleractinian corals, focusing on

the data necessary to establish linked vulnerabilities of fish and coral given increasing incidence of major

disturbances. This review emphasizes the importance of long-term monitoring, combined with effective experimental studies to establish the linked vulnerabilities of fishes and corals to ongoing disturbances, as well as interdependencebetween fishes and corals in reef resilience.
Pressley, P. H. (1981). Pair formation and joint territoriality in a simultaneous hermaphrodite: The coral reef fish {ISerranus tigrinus}. Zeitschrift fuer Tierpsychologie, 56, 33-46. 
Prouty NG, Roark EB, Buster NA, Ross SW (2011) Growth rate and age distribution of deep-sea black         corals in the Gulf of Mexico. Mar Ecol Prog Ser 423:101-115.
Black corals (order Antipatharia) are important long-lived, habitat-forming, sessile, benthic suspension feeders that are found in all oceans and are usually f1ound in water depths greater than 30 m. Deep-water black corals are some of the slowest-growing, longest-lived deep-sea corals known. Previous age dating of a limited number of black coral samples in the Gulf of Mexico focused on extrapolated ages and growth rates based on skeletal 210Pb dating. Our results greatly expand the age and growth rate data of black corals from the Gulf of Mexico. Radiocarbon analysis of the oldest Leiopathes sp. specimen from the upper De Soto Slope at 300 m water depth indicates that these animals have been growing continuously for at least the last 2 millennia, with growth rates ranging from 8 to 22 µm yr–1. Visual growth ring counts based on scanning electron microscopy images were in good agreement with the 14C-derived ages, suggestive of annual ring formation. The presence of bomb-derived 14C in the outermost samples confirms sinking particulate organic matter as the dominant carbon source and suggests a link between the deep-sea and surface ocean. There was a high degree of reproducibility found between multiple discs cut from the base of each specimen, as well as within duplicate subsamples. Robust 14C-derived chronologies and known surface ocean 14C reservoir age constraints in the Gulf of Mexico provided reliable calendar ages with future application to the development of proxy records.

Purkis, S. J., Renegar, D. A., & Riegl, B. M. (2011). The most temperature-adapted corals have an Achilles' Heel. Marine Pollution Bulletin, 62, 246-250. 

The corals of the Persian/Arabian Gulf are better adapted to temperature fluctuations than elsewhere in the Indo-Pacific. The Gulf is an extreme marine environment displaying the highest known summer water temperatures for any reef area. The small and shallow sea can be considered a good analogue to future conditions for the rest of the world's oceans under global warming. The fact that corals can persist in such a demanding environment indicates that they have been able to acclimatize and selectively adapt to elevated temperature. The implication being that colonies elsewhere may be able to follow suit. This in turn provides hope that corals may, given sufficient time, similarly adapt to survive even in an impoverished form, under conditions of acidification-driven lowering of CaCO3 saturation state, a further consequence of raised atmospheric CO2. This paper demonstrates, however, that the uniquely adapted corals of the Gulf may, within the next three centuries, be threatened by a chronic habitat shortage brought about by the dissolution of the lithified seabed on which they rely for colonization. This will occur due to modifications in the chemical composition of the Gulf waters due to climate change.

Randall, C. J. & et al (2009). Spatial and Temporal Patterns of Coral Bleaching Around Buck Island Reef National Monument, St. Croix, U.S. Virgin Islands.   Bulletin of Marine Science, 84, 167-182. 

Since 2001, biannual fish and habitat monitoring has been conducted for the shallow (> 30 m), colonized pavement and gorgonian dominated Buck Island Reef National Monument (BIRNM) St. Croix, USVI and adjacent waters. during October, 2005, widespread coral bleaching was observed within the ?50 km2 study area that was preceded by 10 wks of higher than average water temperatures (28.9-30.1 °C). Random transects (100 m2) were conducted on linear reefs, patch reefs, bedrock, pavement, and scattered coral/rock habitats during October 2005, and April and October 2006, and species specific bleaching patterns were documented. during October 2005 approximately 51% of live coral cover was bleached. Nineteen of 23 coral species within 16 genera and two hydrocoral species exhibited signs of bleaching. Coral cover for Montastraea annularis and species of the genus Agaricia were the most affected, while other species exhibited variability in their susceptibility to bleaching. Bleaching was evident at all depths (1.5-28 m), was negatively correlated with depth, and positively correlated with habitat complexity. Bleaching was less prevalent at all depths and habitat types upon subsequent monitoring during April (15%) and October (3%) 2006. Four species and one genus did not exhibit signs of bleaching throughout the study period (Dendrogyra cylindrus, Eusmilia fastigata, Mussa angulosa, Mycetophyllia aliciae, Scolymia spp.).

Randall, J. E. (1974). THE EFFECT OF FISHES ON CORAL REEEFS Hawaii: Great Barrier Reef Committee. 

Fishes are among the organisms which adversely affect coral reefs; relatively few species. however, feed directly on corals. These include the p1ectognaths - mainly the triggerfishes (Batistidae),\.q'Ai~~. and the puffers or toados (Tetraodontidae) - and the butterflyfishes (Chaetodcntidee). Also a few damselfishes (Pomacentridae) and small wrasses of the genera Dtproctacanthus, Labrichrhys. and Labropsjs are known to feed in part on coral. Reported herein is one observation of the blenny Ecsenius bicolor feeding on Acropora. Most of the coral-eating plectognath fishes bite pieces from the ccrallum, for which their powerful jaws and specialized dentition are welt adapted. In the lndoPacific the flleflsh Cantberhtnes dumerili  and the puffers Arothron nigropuncuuus and  A. meleogrts feed the most consistently on coral (especially Acropora). The chaetcdontids (Chaetodon spp. and Megaprorodon mjascialisJ which ingest five coral generally brcwze on the polyps (which appear to. regenerate. thus the food resource is not destroyed).

Randall, J. E. (1982). The coral reef fishes of the Solomon Islands. National Geographic Magazine, 14, 
533-540. 
Randall, J. E. (1985). Fishes In B.Delesalle, R. Galzin, & B. Salvat (Eds.), Fifth International Coral Reef Congress, Tahiti, 27 May - 1 June, 1985 (pp. 462-481). 
Reaka-Kudla, M. L. (1993). Bioerosion on Florida coral reefs.
Reaka-Kudla, M. L., O'Connell, D. S., Regan, J. D., & Wicklund, R. I. (1993). Effects of temperature and UV-B on different components of coral reef communities from the Bahamas NOAA. Ref ID: 1045C

Temperature and UV-B have been some of the most consistently implicated factors in coral bleaching episodes, and projections of current trends indicate that anthropogcnic elevations of these 2 factors (if unabated) may pose environmental threats during the 21st century and beyond. We undertook a 4 week experimental evaluation of the effects of 3 different temperatures (27°, 29°, and 31°C) and 3 different intensities of UV-B flux (ambient, + 10%, +20%) for coral, algae, and solitary invertebrates living in shallow reef environments at Lee Stocking Island, Bahamas . While several workers have investigated the interactive effects of temperature, UV, and in some cases salinity or other factors on corals, no research has analyzed how these factors might differentially impact different components of the community and therefore impose unforeseen long term shifts in community structure. We found that bleaching ofAnaproliferi increased with temperature and UV-B exposure; 95% of the branchlets
bleached after 3 weeks in the high temperature/high UV condition. The algae we examined (Micr on sp.), however, grew in all of the experimental conditions, and this response was greatest at high UV/low temperature and high temperature/ambientUV conditions. The motile invertebrates tested (brittle stars, hermit crabs, urchins, bivalves) showed little mortality in anycondition. If these results hold in other species of corals, fleshy algae, and solitary invertebrates, they suggest that corals will be more adversely affected than one would predict from the physical factors alone.
Reed, J.K. (2004). Deep-Water Coral Reefs of Florida, Georgia and South Carolina: A Summary of the Distribution, Habitat, and Associated Fauna. Harbor Branch Oceanographic Institution Ft Pierce, FL. 
This report was compiled at the request of the South Atlantic Fishery Management Council (SAFMC) to provide a preliminary, general summary on the status of current knowledge concerning deep-water (> 200 m) reefs off the southeastern U.S. from Florida to North Carolina. The outcome will provide target areas of deep-water, live-bottom habitats for: 1) potential designation as Habitat Areas of Particular Concern (HAPC) or Marine Protected Areas (MPA) by the SAFMC, and 2) high-resolution habitat maps and habitat characterization studies. 

Reed, J.K. (2006). Habitat and fauna of deep-water coral reefs off the southeastern USA: A Report to the South Atlantic Fishery Management Council Addendum to 2004 Report 2005-2006 Update- East Florida Reefs. Harbor Branch Oceanographic Institution. Fort Pierce, FL.
In 2004 a Summary Report (Reed 2004) was compiled by the PI at the request of the South Atlantic Fishery Management Council (SAFMC) to provide a preliminary, general summary on the status of current knowledge concerning deep-water (> 200 m) reefs off the southeastern U.S. from Florida to North Carolina. The purpose was to prioritize areas of deep-water, live-bottom habitats for: 1) potential designation as Habitat Areas of Particular Concern (HAPC) or Marine Protected Areas (MPA) by the SAFMC, and 2) high-resolution habitat maps and habitat characterization studies. The following report is an update to the 2004 Report that provides new data collected from eight expeditions using submersible or ROV off eastern Florida during 2005 and 2006. Based on the 2004 Report and the data from this report that was presented by the PI to the Coral and Habitat Advisory Panels (SAFMC meeting, June 2006), the SAFMC has proposed six new deep-water reef HAPCs off southeastern US. The resource potential of the deep-water habitats in this region is unknown in terms of fisheries and novel compounds yet to be discovered from associated fauna that may be developed as pharmaceutical drugs. Activities involving bottom trawling, pipelines, or oil/gas production could negatively impact these reefs.

Reed, J.K. et al. (2005) Mapping, habitat characterization, and fish surveys of the deep-water Oculina coral reef Marine Protected Area: a review of historical and current research. In Freiwald A, Roberts JM (eds), Cold-water Corals and Ecosystems. Springer-Verlag Berlin Heidelberg, pp 443-465.

Deep-water Oculina coral reefs, which are similar in structure and development to deep-water Lophelia reefs, stretch 167 km (90 nm) at depths of 60-100 m along the eastern Florida shelf of the United States. These consist of numerous pinnacles and ridges, 3-35 m in height, that are capped with thickets of

living and dead coral, Oculina varicosa. Extensive areas of dead Oculina rubble are due in part to human impacts (e.g., fi sh and shrimp trawling, scallop dredging, anchoring, bottom longlines, and depth charges) but also may be due in part to natural processes such as bioerosion, disease, or global warming. In the 1970s, the reefs were teeming with fi sh. By the early 1990s, both commercial and recreational fisheries had taken a toll on the reefs, especially on the coral habitat and populations of grouper and snapper. In 1984, 315 km2 (92 nm2) was designated the Oculina Habitat of Particular Concern (OHAPC), prohibiting trawling, dredging, bottom longlines and anchoring, and establishing the fi rst deep-sea coral marine protected area in the world. In 2000, the Oculina Marine Protected Area (MPA) was expanded to 1029 km2 (300 nm2). Despite these protective measures, manned submersible and ROV observations in the Oculina MPA between 1995 and 2003 suggest that portions of the coral habitat have been reduced to rubble since the 1970s, grouper spawning aggregations may be absent, and illegal trawling continues.
Reed, J. K., C. C. Koenig, and A. N. Shepard. 2007. Impacts of bottom trawling on a deep-water Oculina coral ecosystem off florida. Bulletin of Marine Science 81(3): 481-496.

In 1984, a portion of the deep-water Oculina coral reef ecosystem off eastern Florida was protected as the Oculina Habitat Area of Particular Concern (OHAPC), prohibiting bottom trawls, longlines, dredges, and anchors. Unfortunately, the northern two thirds of the reef system remained open to these gear until 2000 when the OHAPC boundaries were expanded to 1029 km2. In the 1970s, the Oculina reefs were teeming with large spawning aggregations of grouper and snapper. By the early 1990s, commercial and recreational fishing had decimated the fish populations, and the coral had been severely impacted by bottom trawling for rock shrimp. Historical photographic transects, taken in the 1970s with the Johnson-Sea-Link sub-mersibles, provide crucial evidence of the status and health of the reefs prior to heavy fishing and trawling activities. Quantitative analyses of photographic images by point count reveal drastic loss of live coral cover between 1975 and 2001. Six coral reef sites had nearly 100% loss of live coral, whereas only two reefs which were within the boundaries of the original OHAPC since 1984 survived and were not impacted by trawling. Management and conservation plans for deep-sea coral reef ecosystems worldwide must be based on sound scientific understanding as well as adequate surveillance and enforcement; this study will help build a foundation for this understanding.

Reed, J.K., et al. (2005). Coral Reef Paper Deep-Water Sinkholes And Bioherms of South Florida and the Pourtalès Terrace — Habitat and Fauna. Bulletin of Marine Science 267.
Only a small percentage of deep-water reefs have had their benthic and fish resources characterized. This study surveyed eight deep-water, high-relief, hard-bottom sites off south Florida using human occupied submersibles to characterize habitat and describe the fish and macrobenthic communities: the Naples deep-water sinkhole on the southwest Florida shelf, Jordan and Marathon deep-water sinkholes on

the Pourtalès Terrace, and five high-relief bioherms on the Pourtalès Terrace. These submersible dives were the first to enter and explore any of these features. The upper sinkhole rims ranged from 175 to 461 m in depth and had a maximum relief of 180 m. The Jordan sinkhole may be one of the deepest and largest sinkholes known. The high-relief bioherms occurred at depths of 198–319 m, with a maximum height of 120 m. A total of 26 and 16 fish taxa were identified from the sinkhole and bioherm sites, respectively. Species of potentially commercial importance included tilefish, sharks, speckled hind, yellowedge grouper, warsaw grouper, snowy grouper, blackbelly rosefish, red porgy, drum, scorpionfish, amberjack, and phycid hakes. In total, 66 Porifera taxa were identified and four are possible new species. Twentyone species of Cnidaria included Antipatharia (three spp.), stylasterid hydrocorals (five spp.), octocorals (11 spp.), and one scleractinian. The benthic communities of the Pourtalès Terrace bioherms differed from the bioherms along the northeastern Straits of Florida primarily in that the Pourtalès Terrace communities lacked the scleractinian coral Lophelia pertusa (Linnaeus, 1758) and stalked crinoids.

Reed, J.K. & Ross, S.W. (2005).Deep-Water Reefs Off The Southeastern U.S.: Recent Discoveries and Research Current, The Journal of Marine Education 21 (4). 33-37.
      Some of the most spectacular corals found off the southeastern U.S. were discovered as recently as the 1970s in an  

      unexpected place—the deep waters along the edge of the continental shelf. These banks of Oculina corals extend for 
167 km along the eastern Florida shelf. Unfortunately, even as they were being discovered by scientists, the Oculina banks had already been damaged by trawl-fishing activity.  Parts  of the reef have been protected since 1984, and the protected area was expanded in 2000, but the story of the Oculina banks’discovery and their damage by fishing activity is all too typical of the deep-water coral ecosystems that live and die, almost entirely unknown to the average person, in the deep waters off of some of the most populated and wellexplored coastlines in the world.
Reed, J. K., Weaver, D. C., & Pomponi, S. A. (2006). Habitat and fauna of deep-water Lophelia pertusa coral reefs off the southeastern U.S.: Blake plateau, Straits of Florida, and Gulf of Mexico. Bulletin of Marine Science, 78, 343-375. 

Expeditions from 1999 to 2004 for biomedical research explored various deep-sea coral ecosystems (dSCE) off the southeastern U.S. (Blake Plateau, Straits of Florida, and eastern Gulf of Mexico). Habitat and benthos were documented from 57 dives with human occupied submersibles and three with a remotely operated vehicle (ROV), and resulted in âˆ¼100 hrs of videotapes, 259 in situ digital images, 621 museum specimens, and > 400 microbial isolates. These were the first dives to document the habitat, benthic fauna, and fish diversity of some of these poorly known deep-water reefs. Fifty-eight fish species and 142 benthic invertebrate taxa were identified. High-definition topographic SEABEAM maps and echosounder profiles were also produced. Sites included in this report range from South Carolina on the Blake Plateau to the southwestern Florida slope: 1) Stetson Lophelia reefs along the eastern Blake Plateau off South Carolina; 2) Savannah Lophelia lithoherms along the western Blake Plateau off Georgia; 3) east Florida Lophelia reefs, 4) Miami Terrace escarpment in the Straits of Florida; 5) PourtalÃ¨s Terrace off the Florida keys; and 6) west Florida Lophelia lithoherms off the southwestern Florida shelf in the Gulf of Mexico. These are contrasted with the azooxanthellate deep-water oculina reefs at the shelf-edge off central eastern Florida. The fisheries and biopharmaceutical resource potential of these deep-water habitats remain relatively unknown. Although these habitats are not currently designated as marine protected areas (MPAs) or coral habitat areas of particular concern (HAPCs), they are ecologically diverse, vulnerable to physical destruction, and irreplaceable resources. Activities involving bottom trawling, pipelines, or oil/gas production could negatively impact these reefs. National Oceanic and Atmospheric Administration (NOAA) Fisheries and the South Atlantic Fishery Management Council are currently developing priority mapping sites of the dSCEs within this region, and these data may provide potential targets for new MPAs and HAPCs.
Reese, E. S. (1977). Coevolution of corals and coral feeding fishes of the family Chaetodontidae
Proceedings of the International Coral Reef Symposium, 3, 268-274. 

Richards, W. J. & Lindeman, K. C. (1987). Recruitment dynamics of reef fishes: planktonic processes, settlement and demersal ecologies and fishery analysis.  Bulletin of Marine Science, 41, 392-410.

Factors influencing variability of recruitment in coral reef fishes are of great theoretical and applied interest for population dynamics, oceanography, and fishery management. Due to the complexities of evaluating the many factors influencing recruitment processes throughout the life history of meroplanktonic organisms, recruitment is often an umbrella-term encompassing interrelated problems in a management sense, but largely distinct biological processes or events. Research primarily addresses factors determining: (1) survivorship of cohorts of planktonic larvae; (2) temporal and spatial patterns of demersal settlement from the plankton; and (3) natural and fishing mortality of adult and juvenile cohorts. Current and early research representing a variety of approaches to the recruitment dynamics of reef-associated fishes is examined. Absolute survivorship during planktonic life stages is a function of parental abundance and fecundity, and highly complex interactions among predation, oceanographic processes, growth and starvation. A matrix outlining the relative effects of important biotic and abiotic factors upon the survivorship of egg through adult life history stages is developed. Larval maneuvering behaviors which utilize specific physical features (e.g., fronts, internal waves) may be exceedingly important mechanisms for influencing transport and reducing mortality. Variability in numbers oflarvae surviving through settlement can be the ultimate determinant of adult population sizes. In long-lived commercially exploited species, mortality on juvenile life stages also may significantly impact stock sizes. Variations in recruitment may also contribute to significant species composition shifts within both virgin and exploited reef fish communities.

Rice SA. 1984. Effects of suspended sediment and burial upon survival and growth of Eastern Gulf of Mexico Corals. Camp Dresser & McKee, Inc.. Mote Marine Laboratory Technical Report no 87. 58p.
Laboratory experiments were undertaken to quantify the effects of high suspended sediment loads and total burial upon selected species of hard corals and sponges from the Gulf of Mexico. Suspended

sediment studies lasted for 10 days each with survival and growth rates measured in control and experimental treatments. The coral species tested in these experiments included: Phyllangia americana,

Scolymia lacera, Cladocora arbuscula, Manicina areolata, Isophyllia sinuosa, Solenastrea hyades, Stephanocoenia michelinii, and Siderastrea radians. The sponge species tested was Cinachyra apion.

Coral growth rates were determined using the buoyant weight technique and were found to be significantly different between control and experimental treatments in one of four experiments, each at different suspended sediment loads. Natural sediments from the Gulf of Mexico were used in all experiments and the average suspended loads measured in the four laboratory suspended sediment experiments were 49mg/l, 101mg/l, 165mg/l, and 199mg/l. Sponge survival was not affected by exposure to the above suspended loads.

Richmond, R. H. (1993). Coral Reefs: Present Problems and Future Concerns Resulting from Anthropogenic Disturbance. AMER. ZOOL., 33:524-536.
Coral reefs, with their vast diversity of invertebrate, vertebrate and algal species, have undoubtedly been subjected to natural disturbance since their appearance millions of years ago. Anthropogenic disturbance has been a factor affecting reefs for a fraction of that time, yet in terms of overall impact, may be of greater concern. Data on habitat destruction, pesticide and heavy metal accumulation, nutrient loading, sedimentation, runoff and related impacts of man's activities indicate that many coastal reefs are endangered by these processes through alterations in animal-algal symbioses, shifts in competitive interactions, direct mortality, reproductive failure, and insufficient recruitment. The death of corals critically affects reef communities, as corals provide an important trophic link as well as the main habitat structure. While natural disturbance is an important factor affecting reef interactions, species diversity and evolution, chronic anthropogenic disturbances combined with unsuitable environments for recovery, are of great concern. Physiological stress can be measured in corals in addition to outright mortality, allowing the impacts of specific disturbances to be assessed. Sufficient data for distinguishing real problems from temporal variability are becoming available, allowing scientists to focus on practical solutions to problems in coral reef management and preservation.
  

Rinkevich B.(1995) Restoration strategies for coral reefs damaged by rec-reational activities: the use of sexual and asexual recruits. RestorationEcology 3, 241–251.

Risk, M. J. (1972). Fish diversity on a coral reef in the Virgin Islands Atoll Research Bulletin, 153, 1-5.


Roberston, D. R. & Gaines, S. (1986). Interference Competition Structures Habitat Use in a Local Assemblage of Coral Reef Surgeonfishes. Ecology, 67, 1372-1383. 


This study examined the use of food and habitat in relation to pairwise interference interactions among all 13 species of surgeonfish assemblage that lived in a 0.225-ha section of the outeredge of the barrier reef at Aladbra, Indian Ocean.

Roberts, C. M. (1997). Connectivity and management of Caribbean coral reefs
6509. Science, 278, 1454-1457. 
Roberts, C., Ormond, R. F. G., & Sheperd, A. R. D. (1988). The usefulness of butterflyfishes as environmental indicators on coral reefs.
Robertson, R. (1970). Review of Predators and Parasites of Stony Corals, with Special Reference to Symbiotic Prosobranch Gastropods. Pacific Science, 24, 43-54. 


Predators and parasites living on  the tissues of stony corals were studied.

Robinson, L. F., J. F. Adkins, D. S. Scheirer, D. P. Fernandez, A. Gagnon, and R. G. Waller. 2007. Deep-sea scleractinian coral age and depth distributions in the northwest Atlantic for the last 225,000 years. Bulletin of Marine Science 81(3): 371-391. 

Deep-sea corals have grown for over 200,000 yrs on the New England Seamounts in the northwest Atlantic, and this paper describes their distribution both with respect to depth and time. Many thousands of fossil scleractinian corals were collected on a series of cruises from 2003.2005; by contrast, live ones were scarce. On these seamounts, the depth distribution of fossil Desmophyllum dianthus (Esper,1794) is markedly different to that of the colonial scleractinian corals, extending 750m deeper in the water column to a distinct cut-off at 2500 m. This cut-off is likelyto be controlled by the maximum depth of a notch-shaped feature in the seamount morphology. The ages of D. dianthus corals as determined by U-series measurements range from modern to older than 200,000 yrs. The age distribution is not constant over time, and most corals have ages from the last glacial period. Within the glacial period, increases in coral population density at Muir and Manning Seamounts coincided with times at which large-scale ocean circulation changes have been documented in the deep North Atlantic. Ocean circulation changes have an effect on coral distributions, but the cause of the link is not known.

Rodolfo-Metalpa, R. & et al (2011). Coral and mollusc resistance to ocean acidification adversely affected by warming. Nature Climate Change, 1, 308-312. 

Increasing atmospheric carbon dioxide (CO2) concentrations are expected to decrease surface ocean pH by 0.3-0.5 units by 2100, lowering the carbonate ion concentration of surface waters. This rapid acidification is predicted to dramatically decrease calcification in many marine organisms.  Reduced skeletal growth under increased CO2 levels has already been shown for corals, molluscs and many other marine organisms. The impact of acidification on the ability of individual species to calcify has remained elusive, however, as measuring net calcification fails to disentangle the relative contributions of gross calcification and dissolution rates on growth. Here, we show that corals and molluscs transplanted along gradients of carbonate saturation state at Mediterranean CO2 vents are able to calcify and grow at even faster than normal rates when exposed to the high CO2 levels projected for the next 300 years. Calcifiers remain at risk, however, owing to the dissolution of exposed shells and skeletons that occurs as pH levels fall. Our results show that tissues and external organic layers play a major role in protecting shells and skeletons from corrosive sea water, limiting dissolution and allowing organisms to calcify. Our combined field and laboratory results demonstrate that the adverse effects of global warming are exacerbated when high temperatures coincide with acidification.

Rogers, C.S. & Muller, E.M. (2012). Bleaching, disease and recovery in the threatened scleractinian

coral Acropora palmata in St. John, US Virgin Islands: 2003–2010. Coral Reefs, 31:807–819.

A long-term study of the scleractinian coralAcropora palmata in the US Virgin Islands (USVI) showed that diseases, particularly white pox, are limiting the recovery of this threatened species. Colonies of A. palmate in Haulover Bay, within Virgin Islands National Park, St. John, were examined monthly in situ for signs of disease and other stressors from January 2003 through December 2009. During the study, 89.9 % of the colonies (n = 69) exhibited disease, including white pox (87 %), white band (13 %), and unknown (9 %). Monthly disease prevalence ranged from 0 to 57 %, and disease was the most significant cause of complete colony mortality (n = 17). A positive correlation was found between water temperature and disease prevalence, but not incidence. Annual average disease prevalence and incidence remained constant during the study. Colonies generally showed an increase in the estimated amount of total living tissue from growth, but 25 (36.2 %) of the colonies died. Acropora palmata bleached in the USVI for the first time during the 2005 Caribbean bleaching event. Only one of the 23 colonies that bleached appeared to die directly from bleaching. In 2005, corals that bleached had greater disease prevalence than those that did not bleach. Just over half (52 %) of the colonies incurred some physical damage. Monitoring of fragments (broken branches) that were

generated by physical damage through June 2007 showed that 46.1 % died and 28.4 % remained alive; the fragments

that attached to the substrate survived longer than those that did not. Recent surveys showed an increase in the total

number of colonies within the reef area, formed from both asexual and sexual reproduction. Genotype analysis of 48

of the originally monitored corals indicated that 43 grew from sexual recruits supporting the conclusion that both

asexual and sexual reproduction are contributing to anincrease in colony density at this site.
Rogers, C.S. & Herlan, J. J. (2012).  Life on the edge: corals in mangroves and climate change. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 9A.

A high abundance and diversity of scleractinian corals have been observed on and near the prop roots of red mangrove (Rhizophora mangle) trees in Hurricane Hole, within Virgin Islands Coral Reef National Monument, a marine protected area off St. John, US Virgin Islands. Some of these corals are major reef-building species that suffered high mortality (loss of 60% live cover) on the island’s fringing reefs from a disease outbreak following a mass bleaching event in 2005. Some corals are over 1 meter across and clearly survived the 2005/2006 bleaching and disease outbreak. High temperatures (maximum = 31.7°C) led to moderate coral bleaching in the late summer/fall (August-October) of 2010. Two of the most abundant reef-building corals showed different responses, with Colpophyllia natans exhibiting minimal bleaching and very low mortality and Diploria labyrinthiformis major bleaching with higher mortality. No disease outbreak occurred, and no new bleaching episode occurred in 2011 when temperatures were generally lower. Microhabitat differences in environmental factors (including shading from mangrove trees) could contribute to varying susceptibility to bleaching, and even corals of the same species growing adjacent to each other had different responses. The coral communities in the mangroves (where water temperatures exceed those on the deeper reefs) may be more resistant to thermal stress and could possibly contribute larvae to replenish degraded reefs.
Rogers, C. S., Fitz, H. C., III, Gilnacks, M., Beets, J., & Hardin, J. (1984). Scleratinian coral recruitment patterns at Salt River Canyon,St. Croix, U.S. Virgin Islands Coral Reefs, 3, 69-76. 
Ross, S.W. & Quattrini. (2007). The fish fauna associated with deep coral banks off the southeastern United States Deep-Sea Research I 54 975–1007.

Deep-sea or cold-water corals form substantial habitat along many continental slopes, including the southeastern United States (SEUS). Despite increasing research on deep coral systems and growing appreciation of their importance to fishes, quantitative data on fish communities occupying these ecosystems are relatively lacking. Our overall goals were to document the fish species and their relative abundances and to describe the degree of general habitat specificity of the fishes on and around deep coral habitats on the SEUS slope. From 2000 to 2006, we used the Johnson-Sea-Link (JSL) submersible (65 dives, 366–783 m), supplemented with otter trawls (33 tows, 365–910 m) to document fishes and habitats from off North Carolina to east-central Florida. Eight areas with high concentrations of deep-sea corals were surveyed repeatedly. Three general habitat types (prime reef, transition reef, and off reef) were defined to determine large-scale habitat use patterns. Throughout the area, at least 99 fish species were identified, many (19%) of which yielded new distributional data. Most species observed with the JSL were on prime reef (n ¼ 50) and transition reef (n ¼ 42) habitats, but the off reef habitat supported a well developed, but different fauna (n ¼ 25 species). Prime reef was characterized by Laemonema melanurum (21% of total), Nezumia sclerorhynchus (17% of total), Beryx decadactylus (14% of total), and Helicolenus dactylopterus (10% of total). The off reef areas were dominated by Fenestraja plutonia (19% of total), Laemonema barbatulum (18% of total), Myxine glutinosa (8% of total), and Chlorophthalmus agassizi (7% of total).

Ross, S.W. & Quattrini, A.M. (2009) Deep-sea reef fish assemblage patterns on the Blake Plateau (Western North Atlantic Ocean) Marine Ecology 30.  74–92.

Deep-water coral habitats are scattered throughout slope depths (360–800 m) off the Southeastern United States (SEUS, Cape Lookout, North Carolina, to Cape Canaveral, Florida), contributing substantial structure and diversity to bottom habitats. In some areas (e.g. off North Carolina) deep corals form nearly monotypic (Lophelia pertusa) high profile mounds, and in other areas (e.g. off Florida) many species may colonize hard substrata. Deep coral and hard substrata ecosystems off the SEUS support a unique fish assemblage. Using the Johnson-Sea-Link submersible (in 2000–2005, 65 dives), and a remotely operated vehicle (in 2003, five dives), fishes were surveyed in nine deep reef study areas along the SEUS slope. Forty-two benthic reef fish species occurred in deep reef habitats in these study areas. Species richness was greatest on the two coral banks off Cape Lookout, North Carolina (n = 23 and 27 species)

and lowest on the two sites off Cape Canaveral, Florida (n = 7 and 8 species). Fish assemblages exhibited significantly (ANOSIM, Global R = 0.69, P = 0.001) different patterns among sites. Stations sampled off North Carolina (three study areas) formed a distinct group that differed from all dives conducted to the south. Although several species defined the fish assemblages at the North Carolina sites, Laemonema barbatulum, Laemonema melanurum, and Helicolenus dactylopterus generally had the most influence on the definition of the North Carolina group. Fish assemblages at three sites within the central survey area on the Blake Plateau were also similar to each other, and were dominated by Nezumia sclerorhynchus and L. melanurum. Synaphobranchus spp. and Neaumia sclerorhynchus differentiated the two southern sites off Cape Canaveral, Florida, from the other station groups. Combinations of depth and habitat type had the most influence on these station groups; however, explicit mechanisms contributing to the organization of these assemblages remain unclear.

Rotjan, R. D. & Lewis, S. M. (2009). Predators selectively graze reproductive structures in a clonal marine organism.   Marine Biology, 156, 569-577. 

Although the fitness consequences of herbivory on terrestrial plants have been extensively studied, considerably less is known about how partial predation impacts the fitness of clonal marine organisms. The trophic role of Caribbean parrotfish on coral reefs is complex: while these fish are important herbivores, as corallivores (consumers of live coral tissue), they selectively graze specific species and colonies of reef-building corals. Though the benefits of parrotfish herbivory for reef resilience and conservation are well documented, the negative consequences of parrotfish grazing for coral reproductive fitness have not been previously determined. We examined recently grazed colonies of Montastraea annularis corals to determine whether grazing was positively associated with coral reproductive effort. We measured gonad number, egg number and size, and proportional reproductive allocation for grazed and intact coral colonies 2–5 days prior to their annual spawning time. We found that parrotfish selectively grazed coral polyps with high total reproductive effort (number of gonads), providing the first evidence that parrotfish selectively target specific tissue areas within a single coral colony.

Roughgarden, J. (1974). Species packing and the competition function with illustrations from coral reef fish. Theoretical Population Biology, 5, 163-186. 
Rudi, E. et al. (2012). Effects of Coral Bleaching on Reef Fish Fisheries at

Sabang. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13, 13E.
Mass coral bleaching was observed at Sabang, Aceh in early 2010, and approximately 60% of hard

coral in waters surrounding Sabang died post-event. Coral mortality was expected to affect the composition of

reef fish due to elimination of a number of coral functional roles, such as providing a home, a place to eat,

shelter and as breeding grounds for fish and other marine organisms. The objective of this research was to

compare the coral reef fish catches in Sabang waters before and after the coral bleaching. The data were

collected before (in 2008) and after (in 2010) the mass coral bleaching event in Acehnese waters by using a

photographic method. Analysis of data on the average catch of fishermen was calculated in units of catch per

fishing effort (kg/hour). The results showed that 259 species of coral reef fishes were caught by fishermen in

2008 and 2010. There was no significantly difference between the fish catches before and after the 2010 mass

coral bleaching. However, species richness decreased by around 50% after the mass coral bleaching. The

knowledge of fishermen and how they might adapt to climate change was very low. Consequently, there is a need to educate the fishermen in Sabang Aceh about climate change issues in order to build their capacity to adapt.
Ruiz-Moreno, D. et al. (2012). Global coral disease prevalence associated with sea temperature anomalies and local factors. Diseases Of Aquatic Organisms, 100, 249-261.

Coral diseases are taking an increasing toll on coral reef structure and biodiversity and are important indicators of declining health in the oceans. We implemented standardized coral disease surveys to pinpoint hotspots of coral disease, reveal vulnerable coral families and test hypotheses about climate drivers from 39 locations worldwide. We analyzed a 3 yr study of coral disease prevalence to identify links between disease and a range of covariates, including thermal anomalies (from satellite data), location and coral cover, using a Generalized Linear Mixed Model.

Prevalence of unhealthy corals, i.e. those with signs of known diseases or with other signs of compromised health, exceeded 10% on many reefs and ranged to over 50% on some. Disease prevalence exceeded 10% on 20% of Caribbean reefs and 2.7% of Pacific reefs surveyed. Within the same coral families across oceans, prevalence of unhealthy colonies was higher and some diseases were more common at sites in the Caribbean than those in the Pacific. The effects of high disease prevalence are potentially extensive given that the most affected coral families, the acroporids, faviids and siderastreids, are among the major reef-builders at these sites. The poritids and agaricids

stood out in the Caribbean as being the most resistant to disease, even though these families were abundant in our surveys. Regional warm temperature anomalies were strongly correlated with high disease prevalence. The levels of disease reported here will provide a much-needed local reference point against which to compare future change.

Ruiz-Zarate, M. A., Hernandez-Landa, R. C., Gonzales-Salas, C., Nunez-Lara, E., & Arias-Gonzalez, J. E. (2003). Condition of coral reef ecosystems in central-southern Quintana Roo, Mexico (Part 1: stony corals and algae).
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Sale, P. F. & Dybdahl (1975). Determinants of community structure for coral reef fishes in an experimental habitat. Ecology, 56, 1334-1355. 
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Coral Reefs, 2, 37-42. 
Sale, P. F., Guy, J. A., & Steel, W. J. (1994). Ecological structure of assemblages of coral reef fishes on isolated patch reefs.  Oecologia, 98. 
Sale, P. F. (2008). Management of coral reefs:  Where we have gone wrong and what we can do about it. Marine Pollution Bulletin, 56, 805-809. 

Globally, our current management of coral reefs is inadequate and becoming more so as we place new and greater stresses on these ecosystems. The future looks very dim, and yet we have the capacity to do a far more effective job of reef management if we want to. Making substantial improvements to the condition of these enormously valuable coastal marine ecosystems does not require new scientific discoveries, but a new commitment to apply the knowledge we already possess to manage our impacts so that sustainability becomes possible.

Sale, P. F. (1991). The Ecology of Fishes on Coral Reefs.   San Diego: Academic Press. 
Sale, P. F. & Dybdahl, R. (1975). Detriments of community structure for coral reef fishes in an experimental habitat. Ecology, 56, 1343-1355. 
Sale, P. F. (1977). Maintenance of high diversity in coral reef fish communities. American Naturalist, 111, 
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Sale, P. F. (1993). The effects of planktivorous fishes on coral recruitment. 
Sale, P. F. (2002). Coral reef fishes: dynamics and diversity in a complex ecosystem
San Diego, Cal.: Academic Press. 
Salih, A., Hoegh-Guldberg, O., & Cox, G. (1997). Photoprotection of symbiotic dinoflagellates by fluorescent pigments in reef corals. Proceedings of the Australian Coral Reef Society. 

The symbiotic algae of reef-building corals are vulnerable to the high irradiances typical of shallow tropical coral reefs. Whilst the protective properties of ultraviolet (UV) absorbing compounds, the mycosporine-like amino acids, are well known for their role in screening out UVB radiation, they have only a limited protection against the effects of the longer wavelengths of UVA and blue light. Many corals are not only brightly coloured but also show an intense turquoise or green autofluorescence under UV light due to the presence of pigment chromatophores. Despite some early speculation that coral autofluorescence may play a role in photoprotection, very little is known of the function of such animal-basedcolours in corals. Using confocal imaging, we have mapped the three-dimensional morphology of
the fluorescent granules in corals. Their aggregation in cellular layers above the layers of symbiotic
dinoflagellates suggests solar screening of the endosymbionts. By comparing their distribution between light- and shade-acclimated corals, we provide evidence that fluorescent granules of corals function as screens against high UVA/blue irradiances by absorbing these wavelengths as well as by reflecting a large proportion of visible light (photosynthetically active radiation, PAR). A second function for these granules is also proposed in shade-acclimated corals in which they are present below or among the symbiotic dinoflagellates. In these corals, fluorescent pigments appear to have an alternative light enhancement role and their presence below or among symbiotic dinoflagellates indicates that they may amplify the available light and thereby enhance photosynthesis through fluorescent coupling, back scattering and reflection.

Sammarco, P.W., Porter, S.A., Cairns, S.D. (2010) A new coral species introduced into the Atlantic Ocean - Tubastraea micranthus(Ehrenberg 1834) (Cnidaria, Anthozoa, Scleractinia): An invasive threat? Aquatic Invasions 5 (2). 131-140.
Over the past 60-70 years, the invasive Indo-Pacific coral Tubastraea coccinea (Lesson 1830; Cnidaria, Scleractinia) has colonized the western tropical Atlantic Ocean - the Americas, the Antilles, northern Gulf of Mexico (GOM), and many of its 3,600 oil/gas platforms. It is now the single, most abundant coral on artificial substrata in the GOM, with hundreds of thousands of colonies on a single platform. Here, we report for the first time the observation of a closely related congener in the western Atlantic – the Indo-Pacific azooxanthellate Tubastraea micranthus (Ehrenberg 1834) – and suggest that it may pose a threat similar to T. coccinea. A total of 83 platforms, including deep-water, toppled, Rigs-to-Reefs structures, were surveyed in the northern Gulf of Mexico between 2000 and 2009, from Matagorda Island, Texas to Mobile, Alabama, USA, between the depths of 7 and 37 m, by SCUBA divers. Five platforms were surveyed by Remotely Operated Vehicle (ROV) to depths of up to 117 m. T. micranthus was found on only one platform – Grand Isle 93 (GI-93), off Port Fourchon, Louisiana, near the Mississippi River mouth, at the cross-roads of two major safety fairways/shipping lanes transited by large international commercial ships. The introduction appears to be recent, probably derived from the ballast water or hull of a vessel from the Indo-Pacific. If the growth

and reproductive rates of T. micranthus, both sexual and asexual, are similar to those of T. coccinea, this species could dominate this region like its congener. It is not known whether this species is an opportunist/pioneer species, like T. coccinea, a trait protecting benthic communities from its dominance. The question of rapid-response eradication is raised.
Sammarco, P. W. (1983). Effects of Fish Grazing and Damselfish Territoriality on Coral Reef Algae I. Algal Community Structure. Marine Ecology Progress Series, 13, 1-14. 
Sammarco, P. W. & Willams, A. H. (1982). Damseliish Territoriality: Influence on Diadema Distribution and Implications for Coral Community Structure. Marine Ecology-Progress Series, 8, 53-59. 

Experiments were performed in Discovery Bay (Jamaica, W.I.) to determine the relationship between behavior of threespot damselfish Eupomacentrus planifrons and distribution of the common shallow-weter echinoid Diadema antillarum Philippi. E. planifrons The damselfish' s agonistic behavior occurred only during the day.

A study showing that a reduction in grazing  by herbivorous fish, caused by caging or territorial behavior of damselfish resulted in marked changes in algal community structure off  Britimart Reef in Australia.
Sanctuaries, N. M. (2008). A Scientific Forum on the Gulf of Mexico: The Islands in the Stream Concept.

The Scientific Forum on the Gulf of Mexico: The Islands in the Stream Concept took place in January 2008 in Sarasota, Florida. The purpose of the meeting was to bring together scientists and managers from around the Gulf of Mexico to discuss a range of topics on our knowledge of the Gulf of Mexico, from its geology to larger-scale connectivity to the Caribbean region, and their applications to the concept of a more integrated approach to area-based management. The forum included six panels of invited experts who spoke on the oceanographic and biological features in the Gulf of Mexico, including connections with Mexico and the Mesoamerican barrier reef system, and the legal and regulatory structure currently in place. The charge to the group was to share information, identify gaps in our knowledge, identify additional potential areas for protection, and discuss available science about connectivity and the potential value of establishing a marine protected area network in the Gulf of Mexico. What do we know about connectivity in the Gulf of Mexico? The basin-wide physical oceanographic processes in the Gulf of Mexico are dominated by the Loop Current and associated rings and eddies that not only dominate the Gulf interior, but also provide connectivity pathways among remote coastal and deep sea ecosystems. There are a number of ecologically vital, enormously productive, and scientifically interesting sites in the Gulf that are interconnected by ocean and currents and are dependent upon one another for biological recruitment and replenishment. The Gulf is also strongly linked upstream to the Caribbean and downstream to the Atlantic by the Loop Current, Florida Current and the Gulf Stream. 
Santangelo, G. et al. (2012). Demography of long-lived octocorals: survival and local extinction. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-1312. 

Gorgonian corals are slow growing, long lived species whose three dimensional colonies form dense canopies on Mediterranean reefs. As they are habitat forming, the ecology of the reef community depends in a large part on their survival. The red coral Corallium rubrum is a precious gorgonian whose heavily harvested populations have changed their size and age structure in shallow waters. In general gorgonians show low recruitment and low population growth rates. In 1999 and 2003 two mortality events, putatively linked to Global Climate Change, (GCC) affected a population of the red gorgonian Paramuricea clavata at the Western edge of the Gulf of La Spezia (NE Ligurian Sea Italy). The availability of pre and post mortality demographic data allowed us to follow the trajectory of this population over 12 years. In the first years population density decreased drastically and 90%, of the colonies died or suffered partial mortality; moreover recruitment decreased to 40% and the dominant size classes shifted towards a smaller size. In the subsequent years population density increased, damaged colonies recovered and recruitment reached six times that of 1998. While the populations of both species recovered, an increased frequency of mortality events with GCC could lead to local extinction (C. rubrum) or to a new stable structure reached at a lower density (P. clavata).
Santodomingo, N., J. Reyes, A. Gracia, A. nez, G. Ojeda. (2007). Azooxanthellate Madracis coral communities off San Bernardo and Rosario Islands (Colombian Caribbean). Bulletin of Marine Science 81(Supplement 1): 273-287. 


Azooxanthellate habitat-forming corals develop in deep waters adjacent to shallow fringing coral reefs off San Bernardo and Rosario Islands (Colombian Caribbean). This study was carried out to characterize biological and geological features of the continental margin where these azooxanthellate coral communities flourish. The principal habitat-forming corals species found were Madracis myriaster (Milne-Edwards and Haime, 1849) and other branching Madracis species. These communities rest on sandy mud bottoms over the shelf break, in depths ranging from 120-180 m. Madrepora sp., antipatharians, and gorgonians were collected directly attached to adjacent limestone hardgrounds. The azooxanthellate coral habitats were found on areas of irregular topography (channels, small mounds) and nearby sites with evidence of benthic mud-gas seepage from beneath the seafloor. Irregular topography and gas seeps might be important factors contributing to the settlement and accumulation of coral communities, but the mechanisms involved are not fully understood. Questions remain pertaining to the possible linkage between shallow- and deep-water corals in the Caribbean region.

Santos, I. R. & et al (2011). Diel coral reef acidification driven by porewater advection in permeable carbonate sands, Heron Island, Great Barrier Reef. Geophysical Research Letters, 38. 

Little is known about how biogeochemical processes in permeable sediments affect the pH of coastal waters. We demonstrate that seawater recirculation in permeable sands can play a major role in proton (H+) cycling in a coral reef lagoon. The diel pH range (up to 0.75 units) in the Heron Island lagoon was the broadest ever reported for reef waters, and the night-time pH (7.69) was comparable to worst-case scenario predictions for seawater pH in 2100. The net contribution of coarse carbonate sands to the whole system H+ fluxes was only 9% during the day, but approached 100% at night when small scale (i.e., flow and topography-induced pressure gradients) and large scale (i.e., tidal pumping as traced by radon) seawater recirculation processes were synergistic. Reef lagoon sands were a net sink for H+, and the sink strength was a function of porewater flushing rate. Our observations suggest that the metabolism of advection-dominated carbonate sands may provide a currently unknown feedback to ocean acidification.

Scheer, G. (1978). Application of phytosociologic methods  In D.R.Stoddart & R. E. Johannes (Eds.), Coral reefs: research methods, monographs on oceanographic methodology 5 (pp. 175-196). Paris: UNESCO.

Scheffer, M., Carpenter, S., Foley, J. A., Folke, C., & Walker, B. (2001). Catastrophic shifts in ecosystems. Nature, 413. 

All ecosystems are exposed to gradual changes in climate, nutrient loading, habitat fragmentation or biotic exploitation. Nature is usually assumed to respond to gradual change in a smooth way. However, studies on lakes, coral reefs, oceans, forests and arid lands have shown that smooth change can be interrupted by sudden drastic switches to a contrasting state. Although diverse events can trigger such shifts, recent studies show that a loss of resilience usually paves the way for a switch to an alternative state. This suggests that strategies for sustainable management of such ecosystems should focus on maintaining resilience.

Schmitt, E. F. & Sullivan, K. M. (1993). Research Applications of Volunteer Generated Coral Reef Fish Surveys. The Nature Conservancy and The Department of Biology.

 Schroeder, R. E. (1987). Effects of patch reef size and isolation on coral reef fish recruitment

Bulletin of Marine Science, 41, 441-451. 
Schroeder, W., Brooke, S., Olson, J., Phaneuf, B., McDonough, J., & Etnoyer, P. (2005). Occurrence of deep-water Lophelia pertusa and Madrepora oculata in the Gulf of Mexico. In (pp. 297-307). 
One of the critical information needs identified at the 2003 Deep-Sea Corals Workshop in Galway, Ireland, was to locate and chart deep-sea corals in order to develop reliable estimates of their distribution and abundance. While reports of deep-sea corals from the Gulf of Mexico date back to the 1860s, relatively little is known about their distribution or abundance. This paper attempts to provide a current assessment of the occurrence of Lophelia pertusa and Madrepora oculata in water depths greater than 200 m in the Gulf of Mexico by summarizing records from (1) published material, (2) the 2003 National Museum of Natural History Taxonomic Database, (3) findings obtained during the September-October 2003 NOAA-OE RV Ronald H. Brown cruise RB-03-07-leg-2 in the northern Gulf, and (4) from various unpublished sources.
Schroeder, W. W. 2007. Seabed characteristics and Lophelia pertusa distribution patterns at sites in the northern and eastern Gulf of Mexico. Bulletin of Marine Science 81(Supplement 1): 315-323. 

The often patchy, discontinuous distribution of Lophelia pertusa (Linnaeus, 1758) was unequivocally established by Wilson (1979a,b) during his investigations of RockallBank and other sites in the north-east Atlantic. This work corroborated earlier findings by Joubin (1922) in the Bay of Biscay, Stetson et al. (1962) on Blake Plateau, and
Squires (1964) in Wairarapa, New Zealand. Two decades later, Rogers (1999), in hisreview of the biology of L. pertusa and other deep-water reef-forming corals, concludedthat factors influencing the distribution of deep-water corals by and large continued tobe poorly understood. However, he goes on to state that over small scales topography
and hydrographic conditions play important roles in structuring distribution patterns. In their study off Norway, Mortensen et al. (2001) found that although L. pertusa reefs were not evenly distributed over the seabed they did occur in geographic and bathymetric patterns that appeared to be regulated by external factors such as: (1) presence of suitable substrate; (2) topography; (3) physical and chemical properties of water masses; and (4) availability of food. Even in the most recent literature uncertainties remain as to exactly which factors play controlling roles in determining distribution patterns (Roberts et al., 2003; Taviani et al., 2005).

Schroeder, W. W. (2007). Seafloor characteristics and distribution patterns of Lophelia pertusa and other sessile megafauna at two upper-slop sites in the northeastern Gulf of Mexico New Orleans, LA: MMS.

Seafloor characteristics and distribution patterns of Lophelia pertusa and other sessile megafauna at two deep-water sites in the northeastern Gulf of Mexico: VK 826 and VK 862-906 both located on the upper DeSoto Slope subprovince. VK 826 has the most extensive development of L. pertusa found in the GoM to date. The primary site is located on a 90 m tall, isolated knoll on the seaward steepening upper De Soto Slope. A second site, the crest and upper portions of a small 26 m tall pinnacle shaped mound, lies approximately one kilometer northeast of the top of the main knoll. Seafloor characteristics include: 1) Broken hardgrounds, low-relief outcrops/buildups, shell pavements and unconsolidated sediment on the crest of the main knoll; 2) locally hummocky terrain made up of carbonate capped knolls and ridges, some with steep vertical relief, and relatively flat terraces constructed of hardgrounds, shell pavement and unconsolidated sediment on the crest-rim; 3) terrace-like features composed of carbonate outcrops/buildups, sediment veneered hardgrounds, extensive shell lag deposits and open flats of unconsolidated sediment on the north and south sides of the main knoll; 4) a gully cut by one or more debris flows on the southwest side; 5) a sediment fan and debris field composed of broken hardground, large boulders and blocks and smaller material of various sizes and shapes on the southwest flank; 6) hardgrounds and low relief buildups/outcrops and open areas of unconsolidated sediment on the northwest side; 7) ridges and/or hummocks and swales of unconsolidated sediment; some with crest capped with hard substrates on the steep upper slope of the west-southwest side; 8) a complex of buildups/outcrops, hardgrounds, boulders, slabs, rubble and unconsolidated sediment on the adjacent western flank; and 9) a hummocky or knob-like construction at the top and exposed slab-like or hardground-like substrate on the sides on Knobby Knoll. L. pertusa, C. americana delta, antipatharians, and tubeworms were all widely distributed across large portions of the study site while anemones were restricted to the deeper seafloor adjacent to Knobby Knoll. The dominant megafauna taxon at this site is L. pertusa which has successfully developed extensive assemblage complexes, comprised of large colony aggregations/thickets, at numerous locations on the main knoll and a thicket-coppice complex covering the top of Knobby Knoll. Seafloor characteristics at VK 862-906 consist of a rugged low-relief mound formed from large blocks and boulders southeast corner of VK 862 and portions of two parallel ridges, covered with carbonate pavement, and the adjacent unconsolidated sediment flats northeast corner of VK 906. 

Schumacher, H. (1992). Impact of some Corallivorous snails on stony corals in the Red Sea. Proceedings of the Seventh International Coral Reef Symposium, Guam, 2, 840-846. 


The amount of coral tissue removed by thaidid and coralliophilid snails equals or even surpasses that by Ancasther  at  Aqaba and Sanganeb Atoll (Sudan).
Schuhmacher, H. (1974). On the conditions accompanying the first settlement of corals on artificial reefs with special reference to the influence of grazing sea urchins (Eilat, Red Sea ). Proc. 2nd Int. Symp. Coral Reefs, Australia 1973, 1, 257-267.
Scott, F. J. & Russ, G. R. (1987). Effects of Grazing on Species Composition of the Epilithic algal community on Coral Reefs of the Great Barrier Reef. Marine Ecology-Progress Series, 39, 293-304.

Coral blocks were used as settlement surfaces to study the epilithic algal community in the presence and short-term absence of large, herbivorous grazers on the central Great Barrier Reef.

Selig, E. R. & Bruno, J. F. (2010). A Global Analysis of the Effectiveness of Marine Protected Areas in Preventing Coral Loss. PLOS, 4, 1-7.

A variety of human activities have led to the recent global decline of reef-building corals [1,2]. The ecological, social, and economic value of coral reefs has made them an international conservation priority . The success of Marine Protected Areas (MPAs) in restoring fish populations [4] has led to optimism that they could also benefit corals by indirectly reducing threats like overfishing, which cause coral degradation and mortality. However, the general efficacy of MPAs in increasing coral reef resilience has never been tested.

Selig, E.R., et al. (2006). Analyzing the Relationship Between Ocean Temperature Anomalies and Coral Disease Outbreaks at Broad Spatial Scales  Coral Reefs and Climate Change: Science and Management Coastal and Estuarine Studies 61.
Ocean warming due to climate change could increase the frequency and severity of infectious coral disease outbreaks by increasing pathogen virulence or host susceptibility. However, little is known about how temperature anomalies may affect disease severity over broad spatial scales. We hypothesized that the frequency of warm temperature anomalies increased the frequency of white syndrome, a common scleractinian disease in the Indo-Pacific. We created a novel 4 km satellite temperature anomaly dataset using data from NOAA’s Pathfinder program and developed four different temperature anomaly metrics, which we correlated with white syndrome frequency at 47 reefs spread across 1500 km of the Great Barrier Reef. This cross-sectional epidemiological analysis used data from disease field surveys conducted by the Australian Institute of Marine Science six to twelve months after the summer of 2002, a year of extensive coral bleaching. We found a highly significant positive relationship between the frequency of warm temperature anomalies and the frequency of white syndrome. There was also a highly significant, nearly exponential relationship between total coral cover and the number of disease cases. Furthermore, coral cover modified the effect of temperature on disease frequency. Both high coral cover (>50%) and anomalously warm water appear to be necessary for white syndrome outbreaks to occur and these two risk factors explained nearly 75% of the variance in disease cases. These results suggest that rising ocean temperatures could exacerbate the effects of infectious diseases on coral reef ecosystems.

Seoane, J.C.S., Arantes, R.C.M., Castro, C.B. (2012).Benthic habitat mapping at Recife de Fora, Brazil: Imagery and GIS. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13, 5A.

The coast of the State of Bahia, in Brazil hosts the largest and richest reef systems of the South Atlantic. A mapping effort was conducted to produce detailed bathymetry, high-(spectral, spatial and digital)- resolution imagery, and benthic habitat classification. Scuba-based ecological census was conducted at sixty sites for ground-truthing. Observations logged included substrate type, species or functional groups of Cnidaria (Anthozoa and Hidrozoa Classes), and functional groups of flora. A visual estimate of coverage areas was provided in a semi-quantitative hierarchy. High-definition videography and photography, as well as sediment and foraminifera sampling were also carried out. RGB triplets highlight WorldView 2’s Coastal Blue Band capable of penetrating the water column. The Quick Bird scene was used for comparison and in decorrelation stretch. Heads-up, on-screen photo-interpretation over select RGB triplets generated polygons in the GIS. The processing took into consideration the geomorphology, interpreted from a bathymetry dataset and its derivatives (selected isobaths, hillshade, classified slope), as well as a generalized Inverse Distance Weighed model of the predominant bottom type compiled from the scuba-based videography-and-field-book database stored in the GIS. The resulting classification scheme used three basic attributes to describe each mapped polygon. Coral cover is generally low in the shallower water and increases with water depth. The offshore geology is predominantly composed of smooth compact sediment. Still, coral or accreted carbonate reef totally obscure the underlying geology.

Shapiro, D. Y. Sex reversal and sociodemographic processes in coral reef fishes. In G.W.Potts & R. J. Wooton (Eds.), Fish Reproduction: Strategies and Tactics (pp. 103-118). 
Shapiro, D. Y. (1980). Serial female sex changes after simultaneous removal of males from social groups of a coral reef fish  Science, 209, 1136-1137. 
Shapiro, D. Y. (1981). Size, maturation and the social control of sex reversal in the coral reef fish {IAnthias squamipinnis} Journal of Zoology (London), 193, 105-128. 
Sherman, R. L., Gilliam, D. S., & Spieler, R. E. (2002). Site Dependent Differences in Artifical Reef Function: Implications for Coral Reef Restoration.
Shester, G. and J. Warrenchuk. 2007. U.S. Pacific Coast experiences in achieving deep-sea coral conservation and marine habitat protection. Bulletin of Marine Science 81(Supplement 1): 169-184.

We constructed comprehensive management proposals to protect deep-sea corals, sponges, and other seafloor habitat while maintaining fishing opportunities. The proposals were largely adopted by the North Pacific and Pacific Fishery Management Councils in recent decisions regarding Essential Fish Habitat in the United States. The proposals were based on an approach we developed following a comprehensive literature review of fish habitat studies, habitat-fishery linkages, life history of habitat-forming invertebrates, and fishing impacts. The approach freezes the existing bottom trawl footprint, closes habitat areas within the footprint that have low fishing effort, closes sensitive habitat such as coral gardens and seamounts, and requires ongoing research and monitoring. Here, we describe the iterative process through which the proposals were considered by decision-makers and discuss the factors that led to their adoption. Overall, the implementation represents a significant step toward ecosystem-based fishery management and lays a framework for a new era of ocean conservation

Shick, J. M., Lesser, M. P., Dunlap, W. C., & et al (1995). Depth-dependent responses to solar ultraviolet radiation and oxidative stress in the zooxanthellate coral Acropora microphthalma. Marine Biology. 

Colonies of Acropora microphthalma (Verrill 1869) were transferred from depths of 2 to 3, 10, 20, and 30 m to UV-transparent and UV-opaque respirometry chambers placed at 1 m depth at Bowl Reef, Great Barrier Reef, in March 1989. Peak rates of photosynthesis in colonies originating at 2 and 10 m were unaffected by solar ultraviolet (UV) radiation at 1 m, whereas photosynthesis showed 30 and 38% inhibition in colonies transferred from 20 and 30 m, respectively. This differential sensitivity of corals to UV radiation was consistent with the five- to tenfold higher concentrations of UV-absorbing, mycosporine-like amino acids (MAAs, putative defenses against UV) in 2- and 10-m colonies compared with 20- and 30-m colonies. Photosynthesis in zooxanthellae freshly isolated from 2- and 10-m corals, however, was inhibited by UV, indicating that the host's tissues, which contain 95% of the total MAAs in corals at these depths, are the first line of defense against solar UV and provide protection to their endosymbiotic algae. The general bathymetric decline in the activities of the antioxidant enzyme superoxide dismutase (SOD) in the host, and SOD, catalase, and ascorbate peroxidase in the zooxanthellae, is related to the decrease in potential for photooxidative stress with increasing depth.

Shigenaka, G. (2001). Toxicity of oil to reef-building corals: A spill response perspective.  (Rep. No. NOS OR and R8.). Seattle: NOAA. 
Shinn, E.A. et al. (2000). African Dust and the Demise of Caribbean Coral Reefs. Geophysical Research Letters, 27 (19), 3029-3032.
The vitality of Caribbeacn coral reefs has undergone a continual state of decline since the late 1970s, a period of time

coincidental  with large increases in transatlantic dust transport. It is proposed that the hundreds of millions of tons/yearly of soil dust that have been crossing the Atlantic during the last 25 years could be a significant contributor to coral reef decline and may be affecting other ecosystems.

Shulman, M. J., J.C.Ogden, J.P Ebersole, W.N.McFarland, S.L.Miller, & N.G.Wolf (1983). Priority effects in the recruitment of juvenile coral reef fishes. Ecology, 64, 1508-1513. 

Competing models of community structure in assemblages of coral reef fishes have suggested that (1) these assemblages are structured by deterministic interactions between species, or between species and resources, or (2) the composition of these assemblages are determined by highly variable settlement from planktonic larvae. We examined interactions among newly recruited juvenile fishes and between juvenile fishes and transplanted resident damselfish on artificial reefs in St. Croix, United States Virgin Islands. Two kinds of priority effects occurred: (I) recruitment of three species of settling juveniles significantly decreased in the presence of the territorial damselfish, and (2) prior settlement of a juvenile predator lowered successful recruitment of two juvenile prey species. The first effect increases determinism in the structure of coral reef fish assemblages, while the second decreases their predictability. 

Shulman, M. J. (1984). Resource limitation and recruitment patterns in a coral reef fish assemblage. Journal of Experimental Marine Biology and Ecology, 74, 85-109. 

The potential effects of food and shelter availability on the recruitment and early survivorship of coral reef fishes were studied on St. Croix, U.S. Virgin Islands. The faunal assemblage studied included diurnally active fishes found in the rubble/sand habitat. The most abundant members were: beaugregory, Stegastes leucostictus (Muller & Troschel), goldspotted goby, Gnatholepis thompsoni Jordan, bridled goby, Coryphopterus glaucofraenum Gill, surgeonfishes, Acanthurus bahianus Castelnau and A. chirurgus (Bloch), and French grunt, Haemulon flavolineatum (Desmarest). Comparisons of recruitment to reefs constructed from substrata that varied in morphological characteristics showed that there were differences in the relative abundances of recruits attracted to and/or surviving on the different reef types. Juveniles of most species appeared to prefer the branching coral Porites porites (Pallas), which provided a large number of small crevices between the branches. Manipulations of the availability of shelter sites for fishes demonstrated that recruitment and/or early survivorship were strongly limited by the number of refuges. This result was found in six separate carried out during different years and in different seasons. Shelter site availability presumably limits fish populations through its effects on prédation rates. Experimental manipulations of food availability indicated that food does not directly influence settlement or early survivorship of coral reef fishes. However, it is probable that correlations between habitat characteristics and food availability have influenced the evolution of settling preferences.

Singh, S. P., Azua, A., Chaudhary, A., & et al (2009). Occurrence and distribution of steroids, hormones and selected pharmaceuticals in South Florida coastal environments. Ecotoxicology, 19, 338-350.

The common occurrence of human derived contaminants like pharmaceuticals, steroids and hormones in surface waters has raised the awareness of the role played by the release of treated or untreated sewage in the water quality along sensitive coastal ecosystems. South Florida is home of many important protected environments ranging from wetlands to coral reefs which are in close proximity to large metropolitan cities. Because, large portions of South Florida and most of the Florida Keys
population are not served by modern sewage treatment plants and rely heavily on the use of septic systems, a comprehensive survey of selected human waste contamination markers was conducted in three areas to assess water quality with respect to non-traditional micro-constituents. This study documents the occurrence and distribution of fifteen hormones and steroids and five commonly detected
pharmaceuticals in surface water samples collected from different near shore environments along South Florida between 2004 and 2006.

Sisson, R. F. (1973). Life cycle of a coral National Geographic Magazine, 143, 780-793. 
Slattery, M. & Lesser, M.P.(2012). Mesophotic coral reefs: a global model of community structure and function. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13, 9C.
Mesophotic coral reefs (MCRs) are an understudied continuum of shallow coral reef communities at

depths of 30 to 150 m. These reefs are subject to gradients of light and nutrients that results in changes to the

community structure and function with increased depth. The upper mesophotic reef is comprised of many of the

same species that are found in shallow coral reef systems. However, the lower mesophotic reef, below about 60

m, has reduced photosynthetic biodiversity and often a replacement of corals and algae with sponges. The fish

fauna is largely specialized to these intermediate depths, and to the available food resources. Thus, MCRs have

the potential to function as refugia for shallow benthic reef species that are subject to disturbances in the upper

30 m of the water column. However, MCRs may be less stable than previously reported. Recent evidence from

Caribbean reefs indicate that MCR community structure can change in as little as 3 years after decades of

stability. Studies of fish spawning aggregations on MCRs have demonstrated the ecological importance of

these sites to larval connectivity with shallow reefs, but recent evidence documents limited genetic diversity

between MCR corals and shallow conspecifics. Despite site-specific differences in MCR community

distribution and abundance, our data support a general model of structure and function that is equally applicableto MCRs in the Atlantic and Pacific.
Smith, C. & Tyler, J. (1972). Space Resource Sharing in a Coral Reef Fish Community. Bulletin of the Natural History Museum, 14, 125-171. 


The fish fauna of a small isolated coral patch reef at 11.5m depth in the Virgin Islands was observed from 9/26-10/10, 1970, using relatively silent and bubbleless rebreather diving gear.

Smith, C. L. Coral reef communities - order and chaos.
Smith, C. L. & Tyler, J. C. (1972). Space resource sharing in a coral reef community
 In B.B.Collette & S. A. Earle (Eds.), Results of the Tektite Program: ecology of coral reef fishes, Science Bulletin (pp. 125-170). Los Angeles, California: Natural History Museum of Los Angeles.

Smith, C. L. (1973). Small rotenone stations: a tool for studying coral reef fish communities  American Museum Novitates, 2512, 1-21. 
Smith, C. L. & Tyler, J. C. (1973). Direct observations of resource sharing in coral reef fish
Helgolâ€žender Wissenschaftliche Meeresuntersunchungen, 24, 264-275. 

A full understanding of the community ecology of coral reef fishes must be based on an understanding of how fishes interact to share the available resources of the reef environment. 2. The goal of such studies is the construction of suitable models that can be used to predict the effects of environmental changes. The validity of such predictions is a test of the adequacy of the model. 3. The data on which models can be based are obtained in a combination of three approaches: (a) sampling, (b) laboratory experiments and (c) direct observation.
4. Direct observations can be made by viewing from the surface, by the use of underwater chambers, by submersible vehicles, by underwater television and by diving. 5. The use of diving techniques is limited by visibility, temperature and depth. Diving time can be extended by saturated diving from an underwater habitat. 6. The critical areas for information about coral reef fish communities are: census, population dynamics, natural history and behavior, space sharing and food sharing. 7. Complex communities can be analyzed by successively categorizing the species according to each of these aspects until the unique niche of each species is defined. 8. The most pressing need in the study of coral reef fish ecology is for continuous monitoring of representative stations throughout complete seasonal cycles.

Smith, C. L. (1977). Coral Reef FIsh Communities-Order and Chaos Miami: University of Miami.


Postulation that chance colonization plays the major role in determining the structure of the fish community, rather than precise resource sharing mechanisms.

Smith, C. L. (1971). A revision of the American groupers: {IEpinephelus} and allied genera
2353. Bulletin American Museum of Natural History, 146, 71-241. 

"The American species of groupers constitute a block of serranid fishes which have been studied as a unit. Field investigation of their biology and life colors has supplemented laboratory studies on morphology, variation, and geographic distribution as indicated by existing museum specimens and literature records. Keys to the genera and species are given and previous literature is summarized in a synonymy for each species. 2. The groupers are moderate-sized to large-sized serranid fishes of warm seas. Most are solitary, reef-dwelling carnivores. In some areas they are the object of intensive, but local, commercial fisheries. Spawning takes place in the winter to late spring, depending on the latitude, but the manner of spawning is not known. The eggs are small, buoyant, and numerous. All of the species so far studied are protogynous. There is a pelagic larval stage during which the groupers can traverse great distances, but the adults are rather sedentary and probably rarely stray far from coral or rock reefs. 3. Groupers undergo considerable color variation of three types: 'instantaneous,' under nervous control; bathymetric, correlated with the environment, some species having strikingly different deep-water and shallow-water color phases; and xanthic, a yellow color phase under genetic control that characterizes small parts of the populations in a few species. A juvenile color phase different from that of the adult is present in some, but not all, species. 4. Osteological characters are useful in grouper classification and the osteology of Epinephelus guttatus is described in detail as a basis of comparison. 5. Subfamily names are not used in this report because present knowledge does not permit compartmentalization at that level. 6. The genus Paranthias is considered monotypic, with allopatric western Atlantic and eastern Pacific populations. 7. Twenty-one American species of Epinephelus are recognized. Seven distinct lines seem to be present. The nominal genera Cephalopholis, Petrometopon, Alphestes, Dermatolepis, Promicrops and Garrupa are placed in the synonymy of Epinephelus. Epinephelus niphobles is a synonym of E. niveatus, which thus has Atlantic and Pacific populations. Other species that occur on both sides of the Isthmus of Panama are Epinephelus nigritus, itajara, and probably mystacinus although the only Pacific record seems to be a small specimen from the Galápagos and this could be a locality error. 8. Two American species of the subgenus Dermatolepis are well differentiated, one on each side of the Central American Isthmus. 9. The eastern Pacific species previously known as Cephalopholis acanthistia is clearly a member of the E. niveatus species-group. 10. The transverse skull crests of Petrometopon are not sufficient grounds for recognizing it at either the generic or subgeneric levels. It is combined with Cephalopholis as a subgenus of Epinephelus. 11. Epinephelus afer occurs in the Pacific Ocean as well as in the Atlantic; E. multiguttatus is confined to the eastern Pacific. Apparently the subgenus Alphestes has twice invaded the eastern Pacific from the western Atlantic. 12. Thirteen species of Mycteroperca are recognized. These fall into two species-groups. 13. Some proportional measurements are relatively constant among most species of groupers. Others provide good generic and species-group characters and a few furnish useful species characters. Tables of measurements are given for each species except Mycteroperca prionura and M. cidi. 14. Barriers to dispersal and methods of transport of groupers are discussed. Three centers of distribution seem apparent: the eastern Pacific, the Gulf of Mexico, and the West Indies. There is a sharp faunal break across the Straits of Florida and the Gulf Stream seems to be an effective, although incomplete, barrier. There appear to be several levels of differentiation between species in these regions. These may be due in part to different rates of evolution, but are more probably a reflection of different periods of isolation. The last closure of the Middle America gap was late Pliocene and four species remain unchanged since that time. 15. A phylogeny of the American groupers is proposed that is based on the information available at this time.

Smith, C. L. (1978). Coral reef fish communities: A compromise view. Environmental Biology of Fishes, 3, 109-128. 
Sokolow, S. (2009). Effects of a changing climate on the dynamics of coral infectious disease: a review of the evidence Diseases of Aquatic Organisms 87. 5-18.

A close examination of the coral disease literature reveals many hypothesized mechanisms for how coral disease may be linked to climate change. However, evidence has been largely circumstantial, and much uncertainty remains. Here, I review the latest information on both the predicted effects of climate change in coastal marine ecosystems and current research on coral-pathogen dynamics in relation to climate variables. The published evidence supports the hypothesis that coral infectious diseases are emerging and demonstrates that coral disease research has been exponentially expanding over the last few decades. Current research suggests that environmental factors, such as ocean warming, altered rainfall, increased storm frequency, sea level rise, altered circulation, and ocean acidification may play a role in coral disease. These climate variables likely alter coral epidemiology through effects on pathogen growth rates, transmission, virulence, and susceptibility. Despite recent advances, discovering the causes of coral disease emergence at large spatial and temporal scales has been hindered by several factors including (1) the inability to rely on Koch’s postulates for diseases with multifactorial etiologies, (2) the paucity of long-term, coordinated, coral disease data, and (3) the difficulty in detecting correlations in inherently non-linear, dynamic disease systems. In a rapidly changing global environment, the consequences of increasing coral disease may be severe, leading to elevated extinction risk and loss of critical reef habitat. Current evidence is still preliminary but is increasingly suggestive that mitigating the effects of climate change may help reduce the emergence of disease and improve the health of coral reef ecosystems.
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Studies of food and interaction webs are often simplified by combining different species of predator into guilds, especially predators that are closely related. Such combinations require the assumption that predators are functionally redundant or at least have similar effects on prey abundances and community structure. However, few studies have rigorously tested this assumption, particularly with exploited species of marine predators. Moreover, fishing can strongly alter the relative abundances of different predatory species, further highlighting the need to examine the top-down effects of different predators on lower trophic-level species within marine communities. 
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The biodiversity of coral reefs is dominated by invertebrates. Many of these invertebrates live in close association with scleractinian corals, relying on corals for food, habitat or settlement cues. Given their strong dependence on corals, it is of great concern that our knowledge of coral-associated invertebrates is so limited, especially in light of severe and ongoing degradation of coral reef habitats and the potential for species extinctions. This review examines the taxonomic extent of coral-associated invertebrates, the levels of dependence on coral hosts, the nature of associations between invertebrates and corals, and the factors that threaten coral-associated invertebrates now and in the future. There are at least 860 invertebrate species that have been described as coral associated, of which 310 are decapod crustaceans. Over half of coral-associated invertebrates appear to have an obligate dependence on live corals. Many exhibit a high degree of preference for one or two coral species, with species in the genera Pocillopora, Acropora and Stylophora commonly preferred. 
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Coral reefs are in dramatic global decline and new thinking and approaches, such as those discussed in this paper, are needed. For any hope of reef recovery, reef ecologists and managers will have to think outside the box of traditional no-take reserves.These authors review coral reef decline and management responses over recent decades and conclude that no-take reserves that were hoped to be able to repopulate degraded reefs are too small and scattered to work well, that the receptivity of damaged reefs to recruiting larvae is commonly too poor to allow recovery, and that for demographic connectivity to contribute to the resilience of coral reefs, it must function "beyond the box" of no-take reserves. No-take marine reserves are often effective in protecting populations of harvested species and often retain favorable ecosystem processes within reserve boundaries, but positive effects outside reserve boundaries are less clear. This article argues that management efforts must occur outside the no-take-reserve box as well as within. Management can increase recruitment of critical species by actions that make impacted habitats more favorable for recruiting larvae and by efforts to better protect critical reproductive stocks outside no-take reserves.
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Stevens, J. D., Bonfil, R., Dulvy, N. K., & Walker, P. A. (2000). The effects of fishing on sharks, rays, and chimaeras (chondrichthyans), and the implications for marine ecosystems. ICES J.Mar.Sci., 57.

 The impact of fishing on chondrichthyan stocks around the world is currently the focus of considerable international concern. Most chondrichthyan populations are of low productivity relative to teleost fishes, a consequence of their different life-history strategies. This is reflected in the poor record of sustainability of target shark fisheries. Most sharks and some batoids are predators at, or near, the top of marine food webs. The effects of fishing are examined at the single-species level and through trophic interactions. We summarize the status of chondrichthyan fisheries from around the world. Some 50% of the estimated global catch of chondrichthyans is taken as by-catch, does not appear in official fishery statistics, and is almost totally unmanaged. When taken as by-catch, they are often subjected to high fishing mortality directed at teleost target species. Consequently, some skates, sawfish, and deep-water dogfish have been virtually extirpated from large regions. Some chondrichthyans are more resilient to fishing and we examine predictions on the vulnerability of different species based on their life-history and population parameters. At the species level, fishing may alter size structure and population parameters in response to changes in species abundance. We review the evidence for such density-dependent change. Fishing can affect trophic interactions and we examine cases of apparent species replacement and shifts in community composition. Sharks and rays learn to associate trawlers with food and feeding on discards may increase their populations. Using ECOSIM, we make some predictions about the long-term response of ecosystems to fishing on sharks. Three different environments are analysed: a tropical shelf ecosystem in Venezuela, a Hawaiian coral reef ecosystem, and a North Pacific oceanic ecosystem.

Stone, R. B., H.L.Pratt, R.O.Parker Jr., & G.E.Davis (1979). A comparison of fish populations on an artificial and natural reef in the Florida Keys. Marine Fisheries Review, 41, 1-11.

Various states and local groups are building reefs to develop or improve fishing grounds in response to increasing fishing pressure; however, little effect has been spent on using artificial reefs to expand or rehabilitate natural reef areas.  We believe that artificial reefs could be used to effectively expand the amount of reef fish stocks.
Strong, A.E. et al. (2012). Enhanced Satellite-Remote Sensing forCoral Reef Management: Next Decade. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13, 5A.

For the past decade remote sensing products provided by NOAA’s Coral Reef Watch (CRW) have

used satellite-derived sea surface temperature (SST) measurements to inform coral reef managers, scientists,

and the public about thermal stress events throughout the tropics. These products, tailored primarily for

managers, have become well-accepted as they provide a cost-effective means of conducting near-real-time

monitoring of changes in SSTs that impact coral reef ecosystems over broad spatial scales. While satellite-based

measurements of SSTs on and around coral reef ecosystems can describe part of what is occurring in reef

environments, incorporating additional remotely-sensed environmental variables will provide a more complete

assessment of changing environmental conditions and corals’ responses. Non-SST-based satellite product

development areas include ocean color to track land-based sources of pollution; synthetic aperture radar to

detect oil spills and possibly coral spawning events; insolation to measure coral photosystem health; ocean

surface vector winds to model biological connectivity via wind currents; and satellite altimetry to measure and

track long-term trends in sea-level rise and short-term storm surge and wave damage. These product development areas hold great promise for improving the effectiveness of coral reef management in the United States’ coastal marine jurisdictions and internationally. This presentation introduces a newly produced report describing NOAA’s recent and forthcoming remote sensing products and correlates their applicability to U.S. jurisdictional coral reef management priorities and NOAA Coral Reef Conservation Program (Coral Program) Goals & Objectives. Targeting development of these high-priority remote sensing products will significantlycontribute to addressing the Coral Program’s identified three top threats to coral reef ecosystems.
Sturm, P., Viqueira, R., Ferguson, Moore, T. (2012). Addressing land based sources of pollution in

Guánica, Puerto Rico. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13, 21A. 

The Guánica Bay/Rio Loco (GB/RL) watershed is located in the southwestern corner of Puerto Rico,

approximately 20 miles west of the city of Ponce. Due to human alteration, the watershed area was increased by

50% to approximately 151 square miles and discharges to Guánica Bay near the town of Guánica. The Guánica

Bay/Rio Loco watershed includes the urbanized areas of Yauco, a portion of the Lajas Valley agricultural

region, and the upper watershed where coffee farming and subsistence agriculture is practiced on steep often

highly erodible slopes. The GB/RL is one of the major riverine discharge points in the southwest coast.

Historically, the area was associated with some of the most extensive and healthy reef complexes in Puerto

Rico. Coral reefs have experienced an unprecedented decline over the past 30-40 years in the Caribbean by

some estimates have lost greater than 50% of live coral and over 90% of sensitive and federally listed Acropora

palmata (elkhorn) and Acropora cervicornus (staghorn) species. Meanwhile studies by scientists in Puerto Rico

have suggested that important nutrient and sediment contaminants have increased by 5-10 times pre-colonial

levels and several times in the last 40-50 years. The Guánica project represents an effort to marry local efforts with an interagency and interdisciplinary approach to watershed management for improved coral reef health.

Sulak, K. J., Brooks, R. A., Luke, K. E., Norem, A. D., Randall, M., Quaid, A. J. et al. (2007). Demersal fishes associated with Lophelia pertusa coral and hard-substrate biotopes on the continental slope, northern Gulf of Mexico. Bulletin of Marine Science, 81, 65-92.

The demersal fish fauna of Lophelia pertusa (Linnaeus, 1758) coral reefs and associated hard-bottom biotopes was investigated at two depth horizons in the northern Gulf of Mexico using a manned submersible and remote sampling. The Viosca Knoll fauna consisted of at least 53 demersal fish species, 37 of which were documented by submersible video. On the 325 m horizon, dominant taxa determined from frame-by-frame video analysis included Stromateidae, Serranidae, Trachichthyidae, Congridae, Scorpaenidae, and Gadiformes. On the 500 m horizon, large mobile visual macrocarnivores of families Stromateidae and Serranidae dropped out, while a zeiform microcarnivore assumed importance on reef "Thicket" biotope, and the open-slope taxa Macrouridae and Squalidae gained in importance. The most consistent faunal groups at both depths included sit-and-wait and hover-and-wait strategists (Scorpaenidae, Congridae, Trachichthyidae), along with generalized mesocarnivores (Gadiformes). The specialized microcarnivore, Grammicolepis brachiusculus Poey, 1873, appears to be highly associated with Lophelia reefs. The coral "Thicket" biotope was extensively developed on the 500 m site, but fish abundance was low with only 95 fish per hectare. In contrast to Lophelia reefs from the eastern the North Atlantic, the coral "Rubble" biotope was essentially absent. This study represents the first quantitative analysis of fishes associated with Lophelia reefs in the Gulf of Mexico, and generally in the western North Atlantic.
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Srinivasan, M, Jones, G.P., Caley, M.J. Experimental evaluation of the roles of habitat selection and interspecific competition in determining patterns of host use by two anemonefishes Marine Ecology Progress Series 186, 283-292. 
We examined the roles of interspecific cornpetition and habitat preference in determining

the distribution of 2 anemonefish species, Premnas biaculeatus and Amphiprion melanopus, among the

2 rnorphs of the anemone Entacmaea quadricolour. This anemone species has a solitary morph which

is usually occupied by a single pair of P. biaculeatus and a colonial morph which is usually occupied by

large social groups of A. melanopus. The possibility that interspecific competition, and/or preference of

adults of each species of fish for the anemone morph it usually occupies, determines this distribution

was tested using aquarium based expenments. Adults of one species. A. melanopus, displayed a preference for the anemone morph it usually occupies in the field, but P. biaculeatus did not. Instead, P.

biaculeatus pairs tended to associate closely, always occupying the Same anemone regardless of the

morph chosen. While interspecific competition lirnited fish abundance within anemones, competitive

interactions could not explain the distribution of fish species among anernone morphs. That is, neither

fish species displaced the other more often on the anemone morph it usuaily occupies in the field. While

juvenile P. biaculeatus exhibit some preference for solitary morphs and A. melanopus appear to prefer

colonial morphs, juvenile distributions cannot fully explain the distnbution of adults.
        Sulman, B. N., et al. (2012), Impact of hydrological variations on modeling of peatland CO2 fluxes: Results

from the North American Carbon Program site synthesis. J. Geophys. Res., 117.

Northern peatlands are an important component of the global carbon cycle due to large carbon pools resulting from

the long-term accumulation of organic matter in peat soils [Gorham, 1991; Turunen et al., 2002]. These carbon pools

are vulnerable to changes in hydrology, which could cause climate feedbacks. Because ecosystem respiration and productivity can have opposite responses to hydrological change, the direction of the net carbon flux response can be unclear.
Swan, H.B., Jones, G.B., Deschaseaux, E. (2012). Dimethylsulfide, Climate and Coral Reef Ecosystems. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13, 4A.
Dimethylsulfide (DMS) is the major biogenic source of atmospheric sulfur and is mainly derived from dimethylsulfoniopropionate (DMSP) produced by oceanic phytoplankton, marine algae and endosymbiont

zooxanthellae in reef-building corals. Although coral reefs occupy <1% of the global oceans, the potential

source strength of DMS from these areas was found to be significant in comparison to other oceanic areas. In

this study, healthy nubbins of Acropora valida and Acropora pulchra collected at Heron Island were examined

to assess the source strength of DMS from these common coral species. Total DMS (free DMS and DMSPderived

DMS) measured in these corals was on average 3.6 μmol cm-2 surface area. Sediment from the coral reef flat was found to release ~1000 times less DMS than the Acropora corals when compared by weight. Megatonnes of DMS are released from the oceans to the atmosphere annually, where it is oxidised to contribute to new nanoparticles that can lead to cloud condensation nuclei (CCN). These affect cloud microphysical properties and consequently the Earth’s radiation budget and climate. The results suggest emissions of DMS from coral reefs are significant and may affect regional climate. Notably strong DMS plumes of up to 13 nmol m-3 of air were detected above the coral reef flat during low tide when it was exposed at the end of the day under calm conditions. A seasonal comparison of atmospheric DMS concentrations determined at Heron Island with a temperate marine location showed the reef to be a greater source of DMS.

Sweatman, H., Delean, S., & Syms, C. (2011). Assessing loss of coral cover on Australia's Great Barrier Reef over two decades, with implications for longer-term trends. Coral Reefs, 30, 521-531.

While coral reefs in many parts of the world are in decline as a direct consequence of human pressures, Australia's Great Barrier Reef (GBR) is unusual in that direct human pressures are low and the entire system of 2,900 reefs has been managed as a marine park since the 1980s. In spite of these advantages, standard annual surveys of a large number of reefs showed that from 1986 to 2004, average live coral cover across the GBR declined from 28 to 22%. This overall decline was mainly due to large losses in six (21%) of 29 subregions. Declines in live coral cover on reefs in two inshore subregions coincided with thermal bleaching in 1998, while declines in four mid-self subregions were due to outbreaks of predatory starfish. Otherwise, living coral cover increased in one subregion (3%) and 22 subregions (76%) showed no substantial change. Reefs in the great majority of subregions showed cycles of decline and recovery over the survey period, but with little synchrony among subregions. Two previous studies examined long-term changes in live coral cover on GBR reefs using meta-analyses including historical data from before the mid-1980s. Both found greater rates of loss of coral and recorded a marked decrease in living coral cover on the GBR in 1986, coinciding exactly with the start of large-scale monitoring. We argue that much of the apparent long-term decrease results from combining data from selective, sparse, small-scale studies before 1986 with data from both small-scale studies and large-scale monitoring surveys after that date. The GBR has clearly been changed by human activities and live coral cover has declined overall, but losses of coral in the past 40–50 years have probably been overestimated.

Sweatman, H. P. (1985). The Influence of Adults of Some Coral Reef Fishes on Larval Recruitment. Ecological Monographs, 55, 469-485.

A study was conducted of the recruitment of reef fishes isolated to standard-sized coral colonies supporting residents of four planktivorous fishes.
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Takamoto, G., Seki, S., Nakashima, Y., Karino, K., & Kuwamura, T. (2003). Protogynous sex change in the haremic triggerfish Sufflamen chrysopterus (Tetraodontiformes). Ichthyological Research, 50, 281-283.

 Male removal experiments were performed on haremic triggerfish on the coral reefs of Sesoko Island, Okinawa.

Talbot, F. H. & Goldman, B. (1972). Coral reefs as biotopes: Vertebrates - fish: A preliminary report on the diversity of the reef fishes of One Tree Island, Great Barrier Reef System. Symposium on Corals and Coral Reefs, 425-441.

Talbot, F. H., Russell, B. C., & Anderson, G. R. V. (1978). Coral reef fish communities, unstable, high diversity systems. Ecological Monographs, 48, 425-440.
Talge, H. (1992). Impact of Recreational Divers on Scleratinian Corals at

Looe Key, Florida. Proceedings of the Seventh International Coral Reef Symposium, Guam, 2.

Recreational diver impacts on scleractinian corals were evaluated by quantifying diver interactions and by experimentally "touching" corals. Twelve coral species were subjected to four types of impacts for ten weeks. No corals died. Histological studies revealed no changes in morphology, composition of tissue or cells nor in reproductive

cycles. Systematic observations of 206 divers revealed that the average diver touched or finned living coral 10 times per dive trip. Comparisons of frequency and area of coral tissue touched to the amount of live coral cover in high

use areas indicate that 4-6% of the corals are touched each week by the dive population.

Taviani, M., M. pez Correa, H. Zibrowius, P. Montagna, M. McCulloch, and M. Ligi. 2007. Last glacial deep-water corals from the Red Sea. Bulletin of Marine Science 81(3): 361-370.


The present Red Sea deep-sea benthos appears impoverished with respect to the adjacent Indian mother-ocean as a result of severe filters, represented by an extremely shallow sill, high salinity, and high temperature. Today, the Red Sea basin hosts a still poorly known deep-water coral fauna of Indian Ocean affinity. During the Pleistocene, conditions were at times suitable as proven by the findings of last glacial corals (Javania insignis Duncan, 1876, and Trochocyathus virgatus sensu Marenzeller, 1907 (not Alcock, 1902), and, possibly, Guynia annulata Duncan, 1872) from seamounts in the north-central part of the basin. A subfossil J. insignis from the Coral Sea peak has been U-series-dated at 26,590 ± 120 yrs. This represents the first documentation regarding the presence of deep-water corals in the Red Sea during the late Pleistocene and predates the postulated basin-wide extinction of normal marine biota that took place at the Last Glacial Maximum.

Tracey, D. M., et al. (2007). Age and growth of two genera of deep-sea bamboo corals (family isididae) in New Zealand waters. Bulletin of Marine Science 81(3): 393-408.

We provide a detailed description of growth zone counts at two locations in the skeletal structure of four bamboo coral colonies (Family Isididae, sub-family Keratoisidinae, genera Lepidisis spp. and Keratoisis sp. from New Zealand). Zone counts were made microscopically on skeletal cross-sections of calcareous internodes
producing counts of up to 90 for  Lepidisis spp. and 160 for Keratoisis sp. Scanning Electron Microscope (SEM) images taken of cross-sections at the junction of the calcareous internode and gorgonin node revealed clear zone resolution and produced counts that were substantially higher (a maximum 490 zones). Lead-210 dating was applied to the skeletal structure of one specimen of Lepidisis sp. to develop an independent estimate of age and growth. Radial micro-sampling of the skeletal carbonate indicated the age of the colony at the largest section (7.4 mm average
radius) was 43 yrs old (26.61 yrs 95% CI), with an average radial growth rate of 0.18 mm yr.1 (0.13.0.29 mm yr.1 95% CI). Comparisons between the three age estimates for Lepidisis sp. were made and it was hypothesized that zones observed by light microscope have a bi-annual periodicity and that SEM-observed zones at the nodal juncture may represent an environmental event, such as lunar periodicity.

Taylor, J. D. (1978). Zonation of rocky intertidal surfaces In D.R.Stoddart & R. E. Johannes (Eds.), Coral reefs: research methods, monographs on oceanographic methodology 5 (pp. 139-148). Paris: UNESCO.

Thayer, G. W., Murphey, P. L., & LaCroix, M. W. (1994). Responses of plant communities in western Florida Bay to the die-off of seagrasses. Bulletin of Marine Science, 54.

Thiel, H. 2007. Science Priority Areas on the high seas. Bulletin of Marine Science 81(Supplement 1): 31-38.

The establishment of Science Priority Areas (SPAs) on the high seas is proposed to avoid any disturbance particularly of long-term research activities. Such areas should become management units independent from Marine Protected Areas (MPAs). SPAs are consistent with the United Nations Law of the Sea Convention and should not be subordinated within the framework of The World Conservation Union's (IUCN) categories for MPAs. Scientists need to become stakeholders in their own interest and states should establish SPAs through international cooperation.

Thorrold, S. R., Jones, G. P., Planes, S., & Hare, J. A. (2006). Transgenerational marking of embryonic otoliths in marine fishes using barium stable isotopes. Canadian Journal of Fisheries & Aquatic Sciences, 63.

We describe a new technique for transgenerational marking of embryonic otoliths that promises significant advancements in the study of larval dispersal and population connectivity in marine fishes. The approach is based on maternal transmission of <sup>137</sup>Ba from spawning females to egg material that is ultimately incorporated into the otoliths of embryos produced by an individual after exposure to the isotope. We injected females of a benthic-spawning clownfish (Amphiprion melanopus) and a pelagic-spawning serranid (Centropristis striata) with enriched <sup>137</sup>BaCl<sub>2</sub> and then reared the resulting progeny through to settlement. Barium isotope ratios in the cores of larval otoliths were quantified using laser ablation inductively coupled plasma mass spectrometry. Larval otoliths from both species contained unequivocal Ba isotope signatures over a wide range of doses (0.8Â–23 Âµg <sup>137</sup>BaÂ·g female<sup>Â–1</sup>). Female A. melanopus continued to produce marked larvae over multiple clutches and for at least 90 days after a single injection. The ability to administer different combinations of stable Ba isotopes provides a new means of mass-marking larvae of benthic- and pelagic-spawning fishes from multiple populations over extended spawning periods. 
Thorrold, S. R. (2006). Ocean Ecology: Don't Fence Me in. Current Biology, 16, R638-R640.

New research that combines ocean circulation and genetic models to predict population structure of corals will help conservation efforts in tropical reef ecosystems. Copyright 2006 Elsevier Copyright of Current Biology is the property of Cell Press and its content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written permission. However, users may print, download, or email articles for individual use. This abstract may be abridged. No warranty is given about the accuracy of the copy. Users should refer to the original published version of the material for the full abstract. (Copyright applies to all Abstracts) New research that combines ocean circulation and genetic models to predict population structure of corals will help conservation efforts in tropical reef ecosystems. 
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Trends in Ecology and Evolution, 3, 78-80.


Thresher, R. E., C. M. MacRae, N. C. Wilson, and R. Gurney. 2007. Environmental effects on the skeletal composition of deep-water gorgonians (Keratoisis Spp.; Isididae). Bulletin of Marine Science 81(3): 
409-422.

We test for environmental effects on the elemental composition of the calcite skeleton of Keratoisis spp. by first assessing the reliability and reproducibility of ontogenetic variability as measured using electron probe microanalysis, and then by comparing this variability between specimens collected from the same and different sites off Australia and New Zealand. The data indicate good, but not perfect reproducibility of gross patterning at whole-of-life (centuries) and annual to decadal scales in Keratoisis (and an allied genus Lepidisis) for magnesium, strontium, and calcium, but also high levels of small-scale variability and correlation coefficients that were generally low. Poor reproducability even within specimens could reflect vital effects that vary around the perimeter of the coral, but could also reflect artifacts due to specimen preparation, uneven radial growth rates, and instrumental measurement error. Gross patterning of magnesium and, to a lesser extent, calcium is similar in specimens from the same site, but differs between those from different sites, which is consistent with an environmental effect on composition. Use of strontium as an environmental marker appears to be more problematical. Within specimens, ontogenetic variability of magnesium, strontium, and calcium correlate weakly, which probably reflects a common sensitivity to growth rates and temperatures.
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Tremblay, P., Fine, M., Maguer, J.F., Grover, R., and Ferrier-Pages, C. (2013)Ocean acidification increases

photosynthate translocation in a coral–dinoflagellates symbiosis. Biogeosciences Discuss., 10, 83–109. 
This study has examined the effect of an increased seawater pCO2 on the rates of photosynthesis and carbon translocation in the scleractinian coral species Stylophora pistillata using a new model based on 13C-labelling of the photosynthetic products. 5 Symbiont photosynthesis contributes for a large part of the carbon acquisition in tropical

coral species and is therefore an important process that may determine their survival under climate change scenarios. Nubbins of S. pistillata were maintained for six months under two pHs (8.1 and 7.2). Rates of photosynthesis and respiration of the symbiotic association and of isolated symbionts were assessed at each pH. The fate

10 of 13C-photosynthates was then followed in the symbionts and the coral host for 48 h. Nubbins maintained at pH 7.2 presented a lower areal symbiont concentration, lower areal rates of gross photosynthesis, and lower carbon incorporation rates compared to nubbins maintained at pH 8.1, therefore suggesting that the total carbon acquisition

was lower in this first set of nubbins. However, the total percentage of carbon translo15 cated to the host, as well as the amount of carbon translocated per symbiont cell was significantly higher under pH 7.2 than under pH 8.1 (70% at pH 7.2 versus 60% at pH 8.1), so that the total amount of photosynthetic carbon received by the coral host

was equivalent under both pHs (5.5 to 6.1 μgCcm−2 h−1). Although the carbon budget of the host was unchanged, symbionts acquired less carbon for their own needs (0.6 20 against 1.8 μgCcm−2 h−1), explaining the overall decrease in symbiont concentration at low pH. In the long-term, this decrease might have important consequences for the survival of corals under an acidification stress.


van Hooidonk, R., Maynard,J.A., Planes, S. (2013). Temporary refugia for coral reefs in a warming world. Nature Climate Change.1-4.

Climate-change impacts on coral reefs are expected to include temperature-induced spatially extensive bleaching events1. Bleaching causes mortality when temperature stress persists but exposure to bleaching conditions is not expected to be spatially uniform at the regional or global scale2. Here we show the first maps of global projections of bleaching conditions based on ensembles of IPCC AR5 (ref. 3) models forced with the new Representative Concentration Pathways4 (RCPs). For the three RCPs with larger CO2 emissions (RCP 4.5, 6.0 and 8.5) the onset of annual bleaching conditions is associated with _510 ppm CO2 equivalent; the median year of all locations is 2040 for the fossil-fuel aggressive RCP 8.5. Spatial patterns in the onset of annual bleaching conditions are similar for each of the RCPs. For RCP 8.5, 26% of reef cells are projected to experience annual bleaching conditions more than 5 years

later than the median. Some of these temporary refugia include the western Indian Ocean, Thailand, the southern

Great Barrier Reef and central French Polynesia. A reduction in the growth of greenhouse-gas emissions corresponding to the difference between RCP 8.5 and 6.0 delays annual bleaching in _23% of reef cells more than two decades, which might conceivably increase the potential for these reefs to cope with these changes.

van Hooidonk, R., Maynard,J.A., Planes, S. (2013). Temporary refugia for coral reefs in a warming world, Supplementary Table S1-S3, Figures and Legends S1–S4. Nature Climate Change, 2013; DOI: 10.1038/nclimate1829
This file contains three supplementary tables (S1-3) and four supplementary figures (S1-4). Table S1 contains the names of all of the GCMs used per RCP experiment. Table S2 contains the median year per model for the onset of annual bleaching conditions. Table S3 contains the median year per model for the onset of 2x per decade bleaching conditions. Figure S1 shows the percentage of reef cells projected to experience bleaching conditions at least 2x per decade (S1) for corrected (annual cycle and mean) and uncorrected (mean only) models, it also shows the

CO2 concentrations for each RCP. Figure S2 contains a histogram for each RCP of the onset of 2x per decade bleaching conditions. Figure S3 shows a map and zonal means of the year in which reef locations are projected to start experiencing bleaching conditions 2x per decade. Figure S4 shows a map of the standard deviation per location of the years when the model ensembles project bleaching to start occurring annually.
van Hooidonk, R.& Huber, M. (2011) Effects of modeled tropical sea surface temperature variability

on coral reef bleaching predictions. Coral Reefs DOI 10.1007/s00338-011-0825-4

Future widespread coral bleaching and subsequent mortality has been projected using sea surface temperature (SST) data derived from global, coupled ocean–atmosphere general circulation models (GCMs). While these models possess fidelity in reproducing many aspects of climate, they vary in their ability to correctly capture such parameters as the tropical ocean seasonal cycle and El Nin˜o Southern Oscillation (ENSO) variability.

Such weaknesses most likely reduce the accuracy of predicting coral bleaching, but little attention has been paid to the important issue of understanding potential errors and biases, the interaction of these biases with trends, and their propagation in predictions. To analyze the relative importance of various types of model errors and biases in predicting coral bleaching, various intra- and inter-annual frequency bands of observed SSTs were replaced with those frequencies from 24 GCMs 20th century simulations included in the Intergovernmental Panel on Climate Change (IPCC) 4th assessment report. Subsequent thermal stress was calculated and predictions of bleaching were made. These predictions were compared with observations of coral bleaching in the period 1982–2007 to calculate accuracy using an objective measure of forecast quality, the Peirce skill score (PSS). Major findings are that: (1) predictions are most sensitive to the seasonal cycle and inter-annual variability in the ENSO 24–60 months frequency band and (2) because models tend to understate the seasonal cycle at reef locations, they systematically underestimate future bleaching. The methodology we describe can be used to improve the accuracy of bleaching predictions by characterizing the errors and uncertainties involved in the predictions.

Vandermeulen, J. H. & Watabe, N. (1973). Studies on reef corals, skeleton formation by newly settled planula  larva of Pocillopora damicornis. Marine Biology, 23, 47-57. 

A study of initiation of coral skeleton formation made on sequential  growth stages of newly settled larva

Vandermeulen, J. H. (1975). Studies on reef corals, fine structural changes of calicoblast cells in Pocillopora damicornis during settlement and calcification. Marine Biology, 31, 69-77. 


A review of 100 years of calcification in reef building corals.
Vella, K., Dale, A., Gooch, M. (2012).Assessing community resilience to climate change. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13, 19A.
Settlements and communities in the Great Barrier Reef (GBR) are highly vulnerable to climate change and face an uncertain social, economic and environmental future. The concept of community resilience is gaining momentum as stakeholders and institutions seek to better understand the social, economic and governance factors which affect community capacity to adapt in the face of climate change. This paper defines a framework to benchmark community resilience and applies it to a case study in the Wet Tropics in tropical Queensland within the GBR catchment. It finds that rural, indigenous and some urban populations are highly vulnerable and sensitive to climate change, particularly in terms of economic vitality, community knowledge, aspirations and capacity for adaptation. Without early and substantive action, this could result in declining social and economic wellbeing and natural resource health. Capacity to manage the possible shocks associated with the impacts of climate change and extreme climatic events is emerging and needs to be carefully fostered and further developed to achieve broader community resilience outcomes. Better information about what actions, policies and arrangements build community resilience and mobilise adaptive capacity in the face of climate change is needed.

Venier, J. M. & Pauly, D. (1997). Trophic Dynamics of a Florida Keys Coral Reef Ecosystem
Proc.8th Int Coral Reef Sym, 915-920. 
Venkataraman, K. 2007. Azooxanthellate hard corals (Scleractinia) from India. Bulletin of Marine Science 81(Supplement 1): 209-214. 

Knowledge of the occurrence and distribution of deep-water coral reefs from India is
very poor, being largely based on few surveys in limited geographic areas. Wood-Mason
and Alcock (1891a,b) reported deep-water corals of Indian Ocean collected during
the expeditions RIMS Investigator I and II from the Indian Ocean. Gardiner (1904)
examined over 2000 specimens collected off South Africa and reported 15 species.
Van der Horst (1921) reported eight species of dendrophylliids. Gardiner and Waugh
(1938, 1939) published results of the John Murray expedition (H.M.S. Mabihiss stations
102–133) discussing 28 species of deep-water corals. Other records that include useful
information on deep-water corals from India and the Indian Ocean were those of Alcock
(1894, 1898, 1902), Bourne (1905), Gardiner (1929), and Wells (1956). Some of the more
recent studies on Indian deep-water corals are those of Fricke and Schuhmacher (1983);
Pillai and Scheer (1976); Scheer and Pillai (1974, 1983); Sheppard and Sheppard (1991);
Zibrowius (1980), and Zibrowius and Gili (1990).

Vermeij, M. J. A. & et al (2011). The effects of nutrient enrichment and herbivore abundance on the ability of turf algae to overgrow coral in the Caribbean.5(12). PLoS ONE, 5, 1-7.

Turf algae are multispecies communities of small marine macrophytes that are becoming a dominant component of coral reef communities around the world. To assess the impact of turf algae on corals, we investigated the effects of increased nutrients (eutrophication) on the interaction between the Caribbean coral Montastraea annularis and turf algae at their growth boundary. We also assessed whether herbivores are capable of reducing the abundance of turf algae at coral-algae boundaries. We found that turf algae cause visible (overgrowth) and invisible negative effects (reduced fitness) on neighbouring corals. Corals can overgrow neighbouring turf algae very slowly (at a rate of 0.12 mm 3 wk21) at ambient nutrient concentrations, but turf algae overgrew corals (at a rate of 0.34 mm 3 wk21) when nutrients were experimentally increased. Exclusion of herbivores had no measurable effect on the rate turf algae overgrew corals. We also used PAM fluorometry (a common approach for measuring of a colony's ''fitness'') to detect the effects of turf algae on the photophysiology of neighboring corals. Turf algae always reduced the effective photochemical efficiency of neighbouring corals, regardless of nutrient and/or herbivore conditions. The findings that herbivores are not capable of controlling the abundance of turf algae and that nutrient enrichment gives turf algae an overall competitive advantage over corals together have serious implications for the health of Caribbean coral reef systems. At ambient nutrient levels, traditional conservation measures aimed at reversing coral-to-algae phase shifts by reducing algal abundance (i.e., increasing herbivore populations by establishing Marine Protected Areas or tightening fishing regulations) will not necessarily reduce the negative impact of turf algae on local coral communities. Because turf algae have become the most abundant benthic group on Curac¸ao (and likely elsewhere in the Caribbean), new conservation strategies are required to mitigate their negative impact on coral communities.

Veron, J. E. N. (2011). Ocean acidification and coral reefs: An emerging big picture. Diversity, 3, 262-274.

This article summarises the sometimes controversial contributions made by the different sciences to predict the path of ocean acidification impacts on the diversity of coral reefs during the present century. Although the seawater carbonate system has been known for a long time, the understanding of acidification impacts on marine biota is in its infancy. Most publications about ocean acidification are less than a decade old and over half are about coral reefs. Contributions from physiological studies, particularly of coral calcification, have covered such a wide spectrum of variables that no cohesive picture of the mechanisms involved has yet emerged. To date, these studies show that coral calcification varies with carbonate ion availability which, in turn controls aragonite saturation. They also reveal synergies between acidification and the better understood role of elevated temperature. Ecological studies are unlikely to reveal much detail except for the observations of the effects of carbon dioxide springs in reefs. Although ocean acidification events are not well constrained in the geological record, recent studies show that they are clearly linked to extinction events including four of the five greatest crises in the history of coral reefs.

Verweij, M. C., Nagelkerken, I., De Graaff, D., Peeters, M., Bakker, E. J., & van der Velde, G. (2006). Structure, food and shade attract juvenile coral reef fish to mangrove and seagrass habitats: a field experiment. Marine Ecology Progress Series, 306. 

Mangroves and seagrass beds are considered nurseries for juvenile fish, but little experimental evidence exists to elucidate which factors make them attractive habitats. A multifactorial field experiment on the use of these habitats by juvenile reef fish and their behaviour was performed during daytime with experimental units (EUs: 1 x 1 x 0.8 m), each representing a unique combination of the factors structure, shade, and food, using artificial seagrass leaves (AS) and artificial mangrove roots (AM). Diurnally active herbivores were most abundant in EUs containing food, and grazed on algae growing on the structures, but were not attracted to structures in the absence of food. The most abundant diurnally active zoobenthivores (Eucinostomus spp.) were present in highest numbers in any EU with food, where they fed on zoobenthos or rested on the bottom. The nocturnally active zoobenthivore/zooplanktivore Ocyurus chrysurus and the diurnally active piscivore Sphyraena barracuda were primarily attracted to structure, in which they rested and were not observed to feed. Haemulon flavolineatum was mainly attracted to AS, Lutjanus mahogoni was attracted to AS or shade, whereas L. apodus, O. chrysurus and S. barracuda were found in AM as well as in AS. The data suggest that during daytime, herbivores and diurnally active zoobenthivores are probably attracted to mangroves and seagrass beds primarily by food, and nocturnally active zoobenthivores by structure (in interaction with shade) that offers shelter from predation. S. barracuda is also attracted primarily to structure, but the larger individuals probably use this for ambush predation rather than for protection. In conclusion, our experiment clarifies that presence of structure, food and shade significantly contribute to the attractiveness of mangroves and seagrass beds to juvenile reef fish.

Viada, S. T. (1987). Range extensions of ahermatypic Scleractinia in the Gulf of Mexico.  Northeast Gulf Science, 9, 131-134. 
The 54 species of ahermatypic (azooxanthellate) Scleractinia then known from the Gulf of Mexico were listed by Cairns (1978). This work also divided the Gulf into six geographic subdivisions to better characterize ahermatypic Scleractinia distributions (Figure 1). A year later, Cairns (1979) reported subdivisional range extensions for five of these species: three new to subdivison 1 (Stephanocyathus diadema, Asterosmilia prolifera, and Dasmosmilia lymani) and two new to subdivision 2 {Polymyces fragilis and Flabellum fragile). This paper reported descriptions, illustrations, and maps of most (i.e., deep-water = over 200 m) of the species. Zlatarski and Estalella (1982) reported four shallow-water ahermatypes new to subdivision 6, off northwestern Cuba: Astrangia solitaria, Phyllangia americana, Rhizosmilia maculata and Gardineria minor.

Viada, S. T. (2008). Characterization of northern Gulf of Mexico deepwater hard-bottom communities with emphasis on Lophelia coral-an introduction.   U.S. Minerals Management Service . 
Victor, B. & ` (1986). Larval Settlement and Juvenile Mortality in a Recruitment-Limited Coral Reef Fish Population. Ecological Monographs, 56, 145-160. 


The temporal and spatial patterns of larval settlement of the bluehead wrasse, Thalas-soma bifasciatum, were documented in the San Blas Islands of Panama.

Vigliola, L. & Meekan, M. G. (2002). Size at hatching and planktonic growth determine post-settlement survivorship of a coral reef fish. Oecologia, 131.
Vroom, P. S. (2011). "Coral dominance": A dangerous ecosystem misnomer?2011: art. 164127. Journal of Marine Biology, 2011, 1-8.

Over 100 years ago, before threats such as global climate change and ocean acidification were issues engrossing marine scientists, numerous tropical reef biologists began expressing concern that too much emphasis was being placed on coral dominance in reef systems. These researchers believed that the scientific community was beginning to lose sight of the overall mix of calcifying organisms necessary for the healthy function of reef ecosystems and demonstrated that some reefs were naturally coral dominated with corals being the main organisms responsible for reef accretion, yet other healthy reef ecosystems were found to rely almost entirely on calcified algae and foraminifera for calcium carbonate accumulation. Despite these historical cautionary messages, many agencies today have inherited a coral-centric approach to reef management, likely to the detriment of reef ecosystems worldwide. For example, recent research has shown that crustose coralline algae, a group of plants essential for building and cementing reef systems, are in greater danger of exhibiting decreased calcification rates and increased solubility than corals in warmer and more acidic ocean environments. A shift from coral-centric views to broader ecosystem views is imperative in order to protect endangered reef systems worldwide.

Wagner, D.E., Kramer, P., van Woeski, R. (2010).Species composition, habitat, and water quality influence coral bleaching in southern Florida. Marine Ecology Progress Series, 408. 65-78.
The present study examines coral bleaching along the Florida Keys reef tract (USA) duringa major thermal-stress event in the summer of 2005, and during the summers of 2006 and 2007,which were mild thermal stress years. The primary objectives were to (1) examine the spatial patternof coral bleaching and its relationship to coral community composition and habitat and (2) determinethe relationship between environmental parameters and coral-bleaching prevalence (i.e. the proportionof colonies that bleached within each population). Over 50% of all coral species bleached alongmuch of the reef tract in 2005. The Lower Keys supported more colonies per unit area than elsewhere

and showed the highest number of bleached coral colonies; Biscayne and the Middle Keys showedthe highest coral-bleaching prevalence. The most thermally sensitive corals were Porites furcata,Millepora complanata, Siderastrea radians, Porites divaricata, Agaricia agaricites, Millepora alcicornis,and Porites porites. The most extensive bleaching was recorded for large colonies, ≥30 cm, exceptin 2005 when small branching Porites colonies (<30 cm) showed higher bleaching prevalence.Shallow-water coral colonies and corals at localities with high productivity, in the form of chlorophylla and dissolved inorganic nitrogen concentration, showed higher bleaching prevalence than bothdeep coral colonies and corals at localities with low productivity. By locally regulating waste-water

discharge from the land, and thereby reducing local primary productivity, the severity of coral
bleaching may be reduced when subjected to high regional water temperatures.
       Wagner, D., Mielbrecht, E. van Woesik, R. (2008). Application of landscape ecology to spatial variance of water – 

       quality parameters along the Florida Keys reef tract. Bulletin of Marine Science, 83(3): 553–569. 

Since large-scale spatial differences in temperature and salinity influence the global distribution of coral reefs, it seems reasonable to assume that local differencesmay also influence community assemblage rules. Yet, we do not understand the spatial and temporal scales at which many water quality parameters vary. This study examined the spatial variance of ten water quality parameters along the Florida Keys reef tract using landscape ecology techniques, coupled with Geographic Information System (GIS) technologies. Temperature, salinity, chlorophyll a, and dissolved inorganic nitrogen (DIN) were spatially predictable at the scale of the sampling design (km). Near-substrate temperatures were homogeneous at patches ≤ 1.075 km, while surface temperatures were homogenous at patches ≤ 0.893 km. DIN patches were more homogeneous near the substrate (≤ 2.873 km) than at the surface (0.151 km), with surface chlorophyll a homogeneous at ≤ 0.592 km. In contrast, salinity at the surface was more homogeneous (≤ 1.662 km) than near the substrate (≤ 0.234 km). Other nutrient parameters, including ammonium (NH4), nitrate (NO3), total nitrogen (TN) and total organic nitrogen (TON), and turbidity were not predictable at the spatial scale at which the parameters were sampled, and therefore did not capture the inherent scale at which these parameters varied. Differences between surface and near-substrate temperatures increased significantly as depth increased, suggesting that satellite-derived sea surface temperatures may be overestimating temperatures at which corals bleach.

Walker, B.K. et al. (2012).  Dredging and shipping impacts on southeast Florida coral reefs. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13,19A.
Many coastal regions have experienced extensive population growth during the last century. Commonly, this growth has led to port development and expansion as well as increased vessel activity which can have detrimental effects on coral reef ecosystems. In southeast Florida, three major ports built in the late 1920’s along 112 km of coastline occur in close proximity to a shallow coral reef ecosystem. Recent habitat mapping data were analyzed in GIS to quantify the type and area of coral reef habitats impacted by port and shipping activities. Impact areas were adjusted by impact severity: 100% of dredge and burial areas, 75% of grounding and anchoring areas, and 15% of areas in present anchorage. Estimates of recent local stony coral density and cover data were used to quantify affected corals and live cover. After adjusting for impact severity, 312.5 hectares (ha) of impacted coral reef habitats were identified. Burial by dredge material accounted for 175.8 ha. Dredging of port inlet channels accounted for 84.5 ha of reef removal. And 47.6 ha were impacted from a large ship anchorage. Although the full extent of all ship groundings and anchor drags associated with the ports is unknown, the measured extents of these events totaled 6 ha. Based on the adjusted impact areas, over 8.1million corals covering over 11.7 ha of live cover were impacted. Burial impacts were the greatest. The planned expansion of two of the ports would remove an additional approximate 9.95 ha of coral reef habitat. Ongoing marine spatial planning efforts are evaluating the placement of large ship anchorages in an effort reduce future impacts from ship anchoring. However, increasing populations and shipping needs will likely continue to be prioritized over protection of these valuable natural resources.
Walker, R., Ponce-Taylor, D., Smith, I., & Raines, P. (2004). Sian Ka'an coral reef conservation project Mexico 2003 Summary Report.
Waller, R. G., J. F. Adkins, L. F. Robinson, and T. M. Shank. 2007. Ancient DNA techniques: applications for deep-water corals. Bulletin of Marine Science 81(3): 351-359.

The potential applications of ancient DNA (aDNA) techniques have been realized relatively recently, and have been revolutionized by the advent of PCR techniquesin the mid 1980s. Although these techniques have been proven valuable inancient specimens of up to 100,000 yrs old, their use in the marine realm has beenlargely limited to mammals and fish. Using modifications of techniques developed for skeletons of whales and mammals, we have produced a method for extracting and amplifying aDNA from sub-fossil (not embedded in rock) deep-water corals
that has been successful in yielding 351 base pairs of the ITS2 region in sub-fossil Desmophyllum dianthus (Esper, 1794) and Lophelia pertusa (Linnaeus, 1758). The comparison of DNA sequences from fossil and live specimens resulted in clustering by species, demonstrating the validity of this new aDNA method. Sub-fossil scleractinian
corals are readily dated using U-series techniques, and so the abundance of directly-dateable skeletons in the world's oceans, provides an extremely useful archive for investigating the interactions of environmental pressures (in particular ocean circulation, climate change) on the past distribution, and the evolution of deep-water corals across the globe.

Waller, R. G. and A. R. Baco. 2007. Reproductive Morphology of Three Species of Deep-water Precious Corals from the Hawaiian Archipelago: Gerardia Sp., Corallium Secundum, And Corallium Lauuense. Bulletin of Marine Science 81(3): 533-542.

Three species of deep-sea corals were collected from several locations in the Hawaiian Archipelago. These species have been called "precious corals" because of their extensive use in the jewelry industry. Two octocorals Corallium lauuense Bayer, 1956 (red coral) and Corallium secundum Dana, 1846 (pink coral), and a zoanthid, Gerardia sp. (gold coral) collected between August and November in 1998-2004, were all histologically analysed for reproductive tissues. All three species of precious corals appear to be gonochoric (both males and females of all species being identified—though with C. lauuense more reproductive polyps are needed to conclusively confirm this), with the two species of Corallium having reproductive material contained within siphonozooids rather than the main polyp (autozoid). Maximum oocyte sizes were: Gerardia sp. ?300 ?m, C. secundum ?600 ?m, and C. lauuense ?660 ?m. All three species are hypothesized to have spawned during the collection season. Gerardia was observed spawning during collection, and histological sections of the two Corallium species show areas where gametes appear to be missing. Gerardia sp. has a single cohort of gametes developing, which may suggest seasonal reproduction, and the two Corallium species show multiple sizes present in single individuals, suggesting a periodic or quasi-continuous reproductive periodicity.

Ward, J. (1964). The digestive tract and its relation to feeding habits in the Stenoglossan Prosobranch Coralliophila abbreviata (Lamark). Canadian Journal of Zoology, 43, 447-465.

The single salivary duct formed from the ducts of the paired salivary glands, opens in the oral tube on the dorsal side of the mouth, suggesting that its secretion aids in penetration of the coral epidermis before ingestion begins.n bleaching.
Wareham, V. E. & Edinger, E.N. (2007). Distribution of deep-sea corals in the Newfoundland and Labrador region, Northwest Atlantic Ocean. Bulletin of Marine Science 81(Supplement 1): 289-313.

 Deep-sea corals were mapped using incidental by-catch samples from stock assessment surveys and fisheries observations. Thirteen alcyonaceans, two antipatharians, four solitary scleractinians, and 11 pennatulaceans were recorded. Corals were broadly distributed along the continental shelf edge and slope, with most species found deeper than 200 m; only nephtheid soft corals were found on the shelf. Large branching corals with robust skeletons included Paragorgia arborea (Linnaeus, 1758), Primnoa resedaeformis (Gunnerus, 1763), Keratoisis ornata (Verrill, 1878), Acanthogorgia armata (Verrill, 1878), Paramuricea spp., and two antipatharians. Coral distributions were highly clustered, with most co-occurring with other species. Scientific survey data delineated two broad coral species richness hotspots: southwest Grand Bank (16 spp.) and an area of the Labrador slope between Makkovik Bank and Belle Isle Bank (14 spp.). Fisheries observations indicated abundant or diverse corals off southeast Baffin Island, Cape Chidley, Labrador, Tobin's Point, and the Flemish Cap. Corals on the Flemish Cap comprised exclusively soft coral, sea pens, and solitary scleractinians. Most coral-rich areas were suggested in earlier research based on stock assessment surveys or Local Environmental Knowledge (LEK). Currently there are no conservation measures in place to protect deep-sea coral in this region.

Warner, R. R. & Hoffman, S. G. (1980). Population density and the economics of territorial defense in a coral reef fish. Ecology, 61, 772-780.

Warner, R. R. (1984). Mating behavior and hermaphroditism in coral reef fishes American Scientist, 72, 128-136.

Warner, R. R. (1992). Local vs. long-distance supply of recruits for coral reef fish population.s

Weaver, D. C., Hickerson, E., & Schmahl, G. (2006). Deep reef fish surveys by submersible on Alderdice, McGrail, and Sonnier Banks in the Northwestern Gulf of Mexico in NOAA (Ed.), Emerging technologies for reef fisheries research and management (pp. 69-87). Seattle, WA: NOAA.

Submersible surveys at numerous reefs and banks in the northwestern Gulf of Mexico (NWGOM) were conducted as part of the Sustainable Seas Expedition (SSE) during July/August 2002 to identify reef fish communities, characterize benthic habitats, and identify deep coral reef ecosystems. To identify the spatial extent of hard bottom reef communities, the Flower Garden Banks National Marine Sanctuary (FGBNMS) and the U.S. Geological Survey (USGS) mapped approximately 2000 km2 of the Northwestern Gulf of Mexico (NWGOM) continental shelf during June 2002 with high-resolution multibeam bathymetry.

Webster, M. S. & Hixon, M. A. (2000). Mechanisms and Individual Consequences of Intraspecific Competition in a Coral Reef Fish. Marine Ecology-Progress Series, 196, 187-194.

Species of coral-reef fish that exhibit dominance hierarchies provide opportunities for experimental studies of intraspecific competition within discrete social groups.

Weinberg, S. (1981). A comparison of coral reef survey methods  Bijdragen tot de Dierkunde, 51, 199-218.

Wellington, G. (1982). Depth Zonation Of Corals In The Gulf Of Panama: Control And Facilitation By Resident Reef Fishes. Ecological Monographs, 52, 223-241.

The mechanisms that control the distribution and abundance of major benthic organisms in subtidal coral reef communities are poorly understood. Through field experimentation and manipulations, this study investigated the factors that account for the vertical zonation patterns found on a fringing reef in the Gulf of Panama (Pacific). In this community, pocilloporid corals form a near-monorypic stand (80-85% live coral cover) in shallow water (0---6 m depth) while massive corals, particularly Pavona gigantea, predominate in low density (=18% cover) in the deeper areas of the reef (6-10 in depth).

Wells, S. & UNEP/IUCN (1988). Coral reefs of the world.  Volume 1: Atlantic and Eastern Pacific.

Westneat, M. W. & Resing, J. M. (1988). Predation on coral spawn by planktivorous fish. Coral Reefs, 7, 89-92.

Reef fish were examined for changes in diet during the annual mass spawning of scleractinian corals on the Great Barrier Reef, Australia. Acanthochromis polyacanthus, Abudefduf bengalensis (Pomacentridae), and Caesio cuning (Caesionidae) were collected before and immediately after the coral spawning to determine whether the composition of the diet changed after the mass coral spawning. The diet of Caesiocuningdid not change. The stomach contents of Acanthochromis and Ahudefduf showed that these fish: (1) switched from an omnivorous diet to one consisting predominantly of coral spawn,

Wheaton, J. L. & Jaap, W. C. (1988). Corals and other prominent benthic cnidaria of Looe Key National Marine Sanctuary, Publication 43 St. Petersburg: Florida Marine Research.

Wiebe, W. J., Johannes, R. E., & Webb, K. L. (1975). Nitrogen fixation in a coral reef community
Science, 188, 257-259.

Wild, C. H.-G. & et al (2011). Climate change impedes scleractinian corals as primary reef ecosystem engineers. Marine and Freshwater Research, 62, 205-215.

Coral reefs are among the most diverse and productive ecosystems on our planet. Scleractinian corals function as the primary reef ecosystem engineers, constructing the framework that serves as a habitat for all other coral reef-associated organisms. However, the coral's engineering role is particularly susceptible to global climate change. Ocean warming can cause extensive mass coral bleaching, which triggers dysfunction of major engineering processes. Sub-lethal bleaching results in the reduction of both primary productivity and coral calcification. This may lead to changes in the release of organic and inorganic products, thereby altering critical biogeochemical and recycling processes in reef ecosystems. Thermal stress-induced bleaching and subsequent coral mortality, along with ocean acidification, further lead to long-term shifts in benthic community structure, changes in topographic reef complexity, and the modification of reef functioning. Such shifts may cause negative feedback loops and further modification of coral-derived inorganic and organic products. 

Wilkinson, C. (2004). Status of Coral Reefs of the Mesoamerican Barrier Reef Systems Project Region, and Reefs of El Salvador, Nicaragua and the Pacific Coasts of Mesoamerica. In (.

Williams, B., M. J. Risk, S. W. Ross, and K. J. Sulak. 2007. Stable isotope data from deep-water antipatharians: 400-year records from the southeastern coast of the United States of America. Bulletin of Marine Science 81(3): 437-447.

In this study, time-series stable isotope results (ƒÂ13C and ƒÂ15N) from three deepwater Leiopathes glaberrima (Esper, 1788) specimens collected off the southeastern coast of the United States of America and one specimen from the Gulf of Mexico are presented. The specimens were collected live in 2004 and are estimated to be 200.
500 yrs old based on 210Pb measurements and band counts. The ƒÂ13C and ƒÂ15N longterm trends are reproducible within and among specimens from a similar location, suggesting a common environmental influence. Three western Atlantic specimens have average ƒÂ13C values of 15.7�ñ, 16.3�ñ, and 16.1�ñ, with the most depleted
values from the oldest specimen. The oldest specimen records an enrichment in 13C of 0.5�ñ corresponding to the Little Ice Age. All three specimens show a depletion of 13C over the past 150 yrs corresponding to the ƒÂ13C Suess Effect. The fourth specimen from the Gulf of Mexico has an average ƒÂ13C value of 16.4�ñ and shows
no trend in 13C value with time. All four specimens contain an enrichment in 15N over the most recent 75 yrs, with the largest enrichment (3�ñ) in the Gulf of Mexico specimen. This enrichment is likely a result of increased terrestrial effluent (sewage and manure) reaching the offshore specimens.

Williams, I. D. & et al (2008). Assessing the importance of fishing impacts on Hawaiian coral reef fish assemblage along regional-scale human population gradients. Environmental Conservation, 35, 261-272.

Humans can impact coral reef fishes directly by fishing, or indirectly through anthropogenic degradation of habitat. Uncertainty about the relative importance of those can make it difficult to develop and build consensus for appropriate remedial management. Relationships between fish assemblages and human population density were assessed using data from 18 locations widely spread throughout the Main Hawaiian Islands (MHI) to evaluate the significance of fishing as a factor potentially driving fish trends on a regional scale. Fish biomass in several groups was negatively correlated with local human population density and a number of lines of evidence indicate that fishing was the prime driver of those trends. First, declines were consistently evident among fish groups targeted by fishers, but not among lightly fished or non-target groupings, which indicates that declines in target groups were not simply indicative of a general decline in habitat quality along human population gradients. Second, proximity to high human populations was not associated with low fish biomass where shoreline structure prevented ready access by fishers. Relatively remote and inaccessible locations within the MHI had 2.1-4.2 times the biomass of target fishes compared to accessible and populous locations, and may therefore function as partial refugia. However, stocks in those areas were clearly far from pristine, as biomass of large predators was more than an order of magnitude lower than at more intact ecosystems elsewhere in the Pacific.

Williams, I. D. & Polunin, N. V. (2001). Large-scale associations between macroalgal cover and grazer biomass on mid-depth reefs in the Caribbean. Coral Reefs, 19, 358-366.

Since the 1970's, macroalgae have become considerably more abundant on many Caribbean reefs and overfishing of grazing fishes has been implicated as a contributory factor.

Wittenberg, M. (1992).Effects of eutrophication and sedimentation on juvenile corals Marine Biology, 114, 625-631.

Settlement of juvenile scleractinian corals was investigated from 1987 to 1990 on eutrophic and less eutrophic fringing reefs on the west coast of Barbados, West Indies. The number of coral recruits and number of recruiting coral species on cement blocks decreased with increasing eutrophication of the reefs. This may suggest lower settlement rates on eutrophic reefs, but could also have resulted from higher post-settlement mortality, since blocks were examined only once after 3 yr of immersion. Coral settlement rates to artificial plates that were checked monthly were also lower on the more eutrophic reefs. This could result from lower local availability of larvae caused by fewer adult corals and/or lower reproductive rates of corals on eutrophic reefs. However, the ratio of coral recruits to adult coral abundance was considerably lower on eutrophic reefs, suggesting that local coral abundance alone cannot explain lower settlement rates on eutrophic reefs. The lower rates on eutrophic reefs may result from a lower probability of coral larvae settling when present, perhaps because of a limited availability of suitable settlement substrate. Colonization of settlement plates by non-coralline organisms was heavier on eutrophic reefs, and unoccupied space was lower, supporting the suggestion that suitable coral settlement substrate may be limiting on eutrophic reefs. Moreover, coralline algae, which facilitate metamorphosis and settlement of coral larvae, were less abundant on settlement plates on eutrophic reefs.
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 Observations of three types of artificail reefs at 20m depths showed fish predation alters the pattern of colonization of stomatopods, the largest and most mobile of the cryptic reef fauna.

Yamaguchi, M. (1986). Acanthaster planci infestations of reefs and coral assemblages in Japan: a retrospective analysis of control efforts. Coral Reefs, 5, 23-30.

Reef-building corals have been extensively degraded by Acanthaster planci infestations which have continued to spread throughout the Ryuku archipelago since 1969.

Yamano, H., Sugihara, K., & Nomura, K. (2012). Rapid poleward range expansion of tropical reef corals in response to rising sea surface temperatures. Geophysical Research Letters, 38, 1-6.

Rising temperatures caused by climatic warming may cause poleward range shifts and/or expansions in species distribution. Tropical reef corals (hereafter corals) are some of the world's most important species, being not only primary producers, but also habitat-forming species, and thus fundamental ecosystem modification is expected according to changes in their distribution. Although most studies of climate change effects on corals have focused on temperature-induced coral bleaching in tropical areas, poleward range shifts and/or expansions may also occur in temperate areas. We show the first large-scale evidence of the poleward range expansion of modern corals, based on 80 years of national records from the temperate areas of Japan, where century-long measurements of in situ sea-surface temperatures have shown statistically significant rises. Four major coral species categories, including two key species for reef formation in tropical areas, showed poleward range expansions since the 1930s, whereas no species demonstrated southward range shrinkage or local extinction. The speed of these expansions reached up to 14 km/year, which is far greater than that for other species. Our results, in combination with recent findings suggesting range expansions of tropical coral-reef associated organisms, strongly suggest that rapid, fundamental modifications of temperate coastal ecosystems could be in progress.

Yentsch, C. S., Yentsch, C. M., Cullen, J. J., Lapointe, B., Phinney, D. A., & Yentsch, S. W. (2002). Sunlight and water transparency: cornerstones in coral research. Journal of Experimental Marine Biology and Ecology, 268.

Reef-building corals throughout the world are considered endangered. The evidence is a decline in coral health and reduced coral cover. Competing hypotheses for the cause of coral loss include removal of grazers, nutrient enrichment, disease, coral bleaching, increase in temperature, and excess light/ultraviolet exposure. We suggest that light limitation as a second order effect of anthropogenic activity (e.g. sediment resuspension and nutrient enrichment) is a valid and tractable hypothesis. This experimental field and laboratory study demonstrates that corals of the Florida reefs are functioning close to the compensation point where respiration (of coral polyp plus zooxanthellae) consumes the products of photosynthesis of the zooxanthellae, with little if any remaining for growth. We extend this work into an optical monograph that is useful for predicting coral loss and recovery. The monograph is designed to elucidate compensation depth for waters of various transparencies.

Young,C.N.,Schopmeyer,S.A.,Lirman, D. (2012).A review of reef restoration and coral propagation using the threatened genus acropora in the Caribbean and western Atlantic. Bulletin Of Marine Science. 88(4):1075–1098.
Coral reef restoration has gained recent popularity in response to the steady decline of corals and the recognition that coral reefs may not be able to recover naturally without human intervention. To synthesize collective knowledge about reef restoration focused particularly on the threatened genus Acropora in the Caribbean and western Atlantic, we conducted a literature review combined with personal communications with restoration practitioners and an online

questionnaire to identify the most effective reef restoration methods and the major obstacles hindering restoration success. Most participants (90%) strongly believe that Acropora populations are severely degraded, continue to decline, and may not recover without human intervention. Low-cost methods such as coral gardening and fragment stabilization were ranked as the most effective restoration activities for this genus. High financial costs, the small footprint of restoration activities, and the potential damage to wild populations were identified as major concerns,

while increased public awareness and education were ranked as the highest benefits of coral reef restoration. This study highlights the advantages and outlines the concerns associated with coral reef restoration and creates a unique synthesis of coral restoration activities as a complementary management tool to help guide “best-practices” for future restoration efforts throughout the region.

Yucharoen, M. & Yeemin, T. (2012). Effects of coral bleaching and recovery potential of coral reefs at Mu Koh Surin, the Andaman Sea. Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13, 9B. 
Elevated seawater temperatures in summer months of 2010 were associated with widespread coral bleaching in the Andaman Sea. The present study examines the impact of coral bleaching and recovery potential of coral reefs at Mu Koh Surin National Park, Thailand. The percentages of dead corals following the bleaching event for all ten study sites were over 50%. The highest percentage of coral mortality was at Hin Pae (71.3%) while the lowest one was at Ao Tao (53.9%). Most Acropora and Pocillopora colonies were affected at all sites and their mortality rates were very high (>90%). Spatial variation in coral bleaching and subsequent mortality was clearly observed with reflecting differences in depth, reef profile and water flow. The densities of coral juveniles were relatively high (6.1-11.0 juveniles.m-2). The major groups of coral juveniles were also high taxonomic diversity, including Acropora spp., Fungia spp., Favia spp., Favites spp., Goniastrea spp. Platygyra spp. Diploastrea heliopora, Cyphastrea spp., Porites spp., Coeloseris mayeri, Gardineroseris planulata, Pachyseris spp., Ctenactis spp. Lithophyllon sp., Pectinia sp., Turbinaria spp., Astreopora sp., Montipora spp., Pocillopora spp. and Galaxea spp. Certain coral communities at Mu Koh Surin exhibit recovery potential after the coral bleaching event therefore the tourism management plan for protection of these coral communities is urgently needed in order to ensure the sources of coral larvae for coral recovery in the Andaman Sea.
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