SPATIO-TEMPORAL TRANSMISSION PATTERNS OF BLACK-BAND DISEASE (BBD) IN A CORAL COMMUNITY

By Assaf Zvuloni

Dept. of Zoology, Faculty of Life Sciences, Tel Aviv University;
The Interuniversity Institute for Marine Sciences of Eilat

Under the supervision of Professor Yossi Loya

Dept. of Zoology, Faculty of Life Sciences, Tel Aviv University.
Tel: +972-(0)3-6407683; email: YossiLo@tauex.tau.ac.il
Overview: Black-band disease (BBD) is one of the most widespread and destructive coral infectious diseases (Richardson 1998). It affects a number of known reef framework building coral species and exhibits a global distribution. Even though BBD was the first coral disease to be reported in the literature, there are many unresolved questions concerning the mode of transmission of this disease, including the mechanism by which the disease has spread to infect corals worldwide. Usually, monitoring of coral diseases in the field is not designed to provide quantitative epidemiological information as it is limited both spatially and temporally. To date, the little information we have regarding the modes of transmission of BBD infections is mainly based on laboratory experiments (e.g., Rützler et al. 1983, Aeby and Santavy 2006). 

Epidemiological processes of a disease can often be illuminated by its spatio-temporal distribution. Different transmission mechanisms may generate different predictions regarding the spatio-temporal distribution pattern of BBD within coral communities. The direct contact mechanism predicts that the newly infected corals (NICs; corals showing symptoms of BBD, which were not infected in the previous observation) will be adjacent to the previously infected corals (PICs; corals observed as being infected in the previous observation), and together they will form a cluster of infected individuals that touch one or more adjacent neighbors. The vector mediation mechanism predicts different patterns, depending on the mobility of the vector. Vectors, such as corallivorous fish may form extensive clusters which may not be detected on a relatively small spatial scale. Alternatively, marine snails or fire-worms, which are relatively local, may hypothetically form clusters on a relatively small spatial scale. The waterborne infection mechanism may also form clusters of infected individuals, including corals that are not in direct contact with other corals. The microbial assemblage that forms the black-band in infected corals is loosely attached to the coral surface and infectious material may be released into the water and borne by it to nearby corals. As such, the infection likelihood of a susceptible coral increases as the distance from the source/s of the infectious material (i.e., PICs) decreases. 

Aims of the study: In this study I attempted to elucidate the transmission mechanisms of BBD within a coral community and to determine whether there is a detectable imprint of local transmission. 
Methods: The spatio-temporal distribution of susceptible corals as well as corals infected with BBD was monitored over a relatively small spatial scale of 10×10 m in a natural coral community in Eilat (northern Gulf of Aqaba, Red-Sea). The reef chosen for observation is situated in shallow water (depth of ca. 1.5 m) off the shore of the Interuniversity Institute (IUI) in Eilat. This reef is very uniform with respect to bathymetry and is situated on a gentle slope (ca. 3°). There is no dominant water-flow direction characterizing this reef since the local current is strongly affected by wave action. These bathymetric and oceanographic features help to avoid significant influences of reef microhabitat on disease clustering patterns. The coral community in this area is composed of mostly massive corals, many of which are susceptible to infection by BBD. Since the density of susceptible corals there is very high, there are a relatively large number of infections per unit area. These features make this area an ideal ‘natural laboratory’ for studying the spatial distribution and the dynamics of BBD within a natural community on a relatively small spatial scale.
The 100 m2 plot, subdivided into one hundred 1 m2 squares, was surveyed by snorkeling from July 2006 until December 2007 (two full disease seasons). Using photography (photoquadrats), all susceptible corals within this area (3175) were mapped and an X-Y coordinate of the coral's centre within the quadrat was allocated (following the “center rules” scheme of Zvuloni et al. 2008). Once a month, the location of infected corals was recorded, with corals being classified as infected if they showed the typical symptom of BBD (following Richardson 1996). Sea-surface temperatures (SST) were also recorded at the study site.
By using a null hypothesis approach the spatial distribution of BBD was analyzed via Ripley’s K (Ripley 1976, 1981) as a measure of disease aggregation. The spatio-temporal pattern of the disease was also tested by comparing the distribution of NICs to that of PICs in any pair of sequential sampling dates. In addition, a model was developed for testing whether local waterborne infection is a significant mechanism in the transmission of the disease. The waterborne infection model is based on the following assumptions: (a) there is a preference to infections of nearby neighbors rather than distant ones, and (b) there is a cumulative impact of multiple infections on a single susceptible coral.
Results: The results clearly show that the prevalence of the disease is strongly associated with high water temperature (R2 = 0.84, p < 0.001), with symptoms starting to appear in May and disappearing in December-January. From July, when water temperatures rise and disease prevalence increases, infected corals start showing aggregated distributions on small spatial scales of up to 1.9 m. Additionally, NICs clearly appear in proximity to PICs and in a few cases even in direct contact with them. These results provide evidence that local transmission, but not necessarily by direct contact, is likely to be an important factor in the spread of the disease over the tested spatial scale. In addition, the results of the model suggest that waterborne infection may be a significant transmission mechanism of BBD. However, the possibility that a vector mediated transmission also contributes to disease aggregation could not be rejected, although potential vectors with limited mobility were not identified at the studied site. The spatio-temporal analysis also clarified that infected corals surviving a disease season appear to play a major role in the re-introduction of the disease into the coral community during the following season and may act as a ‘winter reservoirs’ of the disease. These field-based findings answer some fundamental questions regarding epidemiological processes of BBD, the most widespread and destructive of coral infectious diseases.
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