Enumerating coral recruits using fluorescent imagery: a comparison with settlement plates, photography, and in-situ observations
Abstract 

This pilot study will evaluate the feasibility of using coral fluorescence as a means to identify and enumerate juvenile coral recruits. Fluorescence could provide a quick “snap shot” of the bulk abundance and spatial distribution of very small corals at a site, as opposed to the time-integrated picture that settlement plates provide.  This would allow scientists to quickly estimate bulk recruitment rates for time-sensitive applications, including making rapid assessments of reef health, monitoring recruitment and recovery of injured sites, or providing critical input data for coral recovery models.  Fluorescence could also reduce the time required to construct coral size-frequency distributions, by making very small colonies more easily detectable.  Finally, this pilot study would help validate this approach for larger-scale applications.  For example, Fluorescence Imaging Laser Line Scan (FILLS) technology can detect corals 1 cm in diameter from an altitude of 8 m (Mazel, personal communication).  If we can establish a reliable relationship between recruit abundance and fluorescence, it would open the way for other survey methods (e.g. towed video) that could survey very large areas for recruits in a relatively short time. 

Project Summary

Recruitment of juveniles influences coral population dynamics as well as reef community structure.  Coral recruitment is generally determined by one of three methods: artificial settlement plates (Harriott and Fisk 1987), small-scale macro photography (Smith 1997), or painstaking visual searches in the field (Miller et al. 2000).  These methods can be labor-intensive or time-consuming, as they require microscopic examination of the settlement surface or enough time for the coral to grow large enough to be visible to the naked eye.  However, recent advances in the use of fluorescence imagery allow the detection of reef invertebrates as small as 1 mm diameter (Mazel, personal communication).  We propose a pilot study to determine the capability of fluorescent technologies to identify and enumerate coral recruits, and to rigorously compare these techniques with current methods used to quantify coral recruitment.  Fluorescence imagery has the potential to be a simple, sensitive tool for rapid estimates of the distribution and abundance of coral recruits at a variety of spatial scales.  This approach would be valuable in determining size-frequency distributions of coral species, which is an important metric for reef assessment and restoration.  In addition, fluorescence could provide non-invasive, site-specific estimates of coral recruitment for use in our spatially explicit coral recovery model (Whitfield et al. 2001).  The coral model is adapted from our seagrass model, which has been used successfully to resolve claims for seagrass mitigation and rehabilitation (Fonseca et al. 2002).

Methodology

This study evaluates the utility of fluorescence technology to enumerate coral recruits, relative to other conventional techniques such as photoquadrats, visual surveys, and artificial settlement plates.  The project will focus on grounding sites in the Key Largo area (Wellwood, Elpis, and Maitland), but could be expanded to include other sites in the FKNMS or in Biscayne National Park.  At each site, visual and photographic surveys will be conducted using both white-light and fluorescent technologies.  We will conduct visual surveys of 20 quadrats (0.25 m2) per site; 40 photoquadrats per site will be surveyed, based on the methodology of Smith 1997.  Macro-photographs of each quadrate will be taken using a Nikonos V camera rigged for both fluorescence and white-light photography.  Permanent visual and photoquadrats (20 visual, 40 photo) would be established using small marking nails, which would be removed after 1 year.

Artificial settlement plates are the most commonly used method to measure coral recruitment rates.  Because settlement plates are currently deployed at the Elpis and Maitland, and other sites around Key Largo (M.W. Miller, and S.R. Smith, personal communication), we do not wish to duplicate these previous efforts.  Therefore, settlement plates would be deployed only at the Wellwood and its reference site, using the methodology of S. R. Smith (personal communication).  However, since spawning season has already passed, no settlement plates would be deployed until the summer of 2003.

A settlement array will consist of two sets of 5 settlement racks.  A settlement rack consists of 4 (2 horizontal, 2 vertical) grooved, unglazed terra cotta tiles (Metropolitan Ceramics Ecoquarry tiles, 15.25 x 15.25 x 0.95 cm) attached to a PVC tree.  The PVC is mounted on a 12-inch galvanized stake, hammered into nonliving reef substrate with a 2-lb sledgehammer and fixed in place with underwater cement.  Each set of 5 racks will be spread over a 10-20 m linear distance along the depth contour, and the 2 sets will be separated by 30-50 m.  Settlement plates will be left in situ for 9 months, at which time the entire array would be removed from the sea floor and the holes filled in with cement.  After collection plates will be returned to the laboratory, and all coral recruits (scleractinians, octocorals, hydrocorals) counted and identified using a dissecting microscope.  Location of all recruits will be mapped using digital images of each settlement plate surface.

Special considerations

These survey methods are non-consumptive, and require no specimen collection except for those found on artificial settlement plates.  Work within Biscayne National Park will be restricted to visual surveys and non-permanent photoquadrats only.  This will allow us to validate the survey methods without attaching anything to the sea floor.  Instead, we would only use weighted transect tapes and PVC quadrats for the visual surveys, and small wire framers attached to the camera for photographic sampling.

Applications for Rapid Assessments, Monitoring, and Research

Fluorescence imagery has the potential to be a simple, sensitive tool for rapid estimates of the distribution and abundance of coral recruits.  The purpose of this pilot study is to investigate how fluorescence compares to other methodologies currently used to measure the distribution and abundance of juvenile corals.  This approach has several advantages over current methods.  Fluorescence could provide a quick “snap shot” of the bulk abundance and spatial distribution of very small corals at a site, as opposed to the time-integrated picture that settlement plates provide.  This would allow scientists to quickly estimate bulk recruitment rates for time-sensitive applications, including making rapid assessments of reef health, monitoring recruitment and recovery of injured sites, or providing critical input data for coral recovery models (e.g. Whitfield et al. 2001).  Fluorescence could also reduce the time required to construct coral size-frequency distributions, by making very small colonies more easily detectable.  Finally, this pilot study would help validate this approach for larger-scale applications.  For example, Fluorescence Imaging Laser Line Scan (FILLS) technology can detect corals 1 cm in diameter from an altitude of 8 m (Mazel, personal communication).  If we can establish a reliable relationship between recruit abundance and fluorescence, it would open the way for other survey methods (e.g. towed video) that could survey very large areas for recruits in a relatively short time.

Related activities in the Beaufort Lab
CCFHR is conducting coordinated research on coral reef ecosystem ecology and restoration from two funding sources.  First, the NOAA Damage Assessment Center provides support to generate rapid, litigation-quality estimates for the recovery of complex coral habitats that sustain injury from vessel groundings and to publish these models in peer-reviewed scientific journals to ensure their admissibility in court under the Daubert standards.  During FY 01 we began to adapt the existing seagrass spatial recovery model developed in the mini-312 protocol for application to coral reef injuries. The main objectives were to utilize basic biological information on coral species growth and reef recovery data from the existing literature and develop a simple multi-species ARCInfo based model for the spatial recovery of coral reefs in the Florida Keys National Marine Sanctuary or in Biscayne National Park.  The model structure incorporates coral propagule establishment and clonal growth.  We also developed a conceptual framework for inclusion of the third spatial dimension in the model. During FY 02 we will; 1) refine to the model to make it more realistic by reviewing the scientific literature and incorporating individual species recruitment, growth and mortality rates, and 2) attempt to calibrate and verify model parameters by reviewing data on disturbance and recovery at injury sites and examine recovery of corals at disturbance sites of known ages in coordination with the FKNMS, BNP, and the Florida Marine Research Institute. Second, the NOAA Marine Sanctuary Program provides us with funding support to conduct a before/after characterization of the Tortugas Ecological Reserve.  This multidisciplinary project focuses on the linkage between the reef and the adjacent non-reef communities and their function in supporting ecosystem function of the reef proper.  Baseline assessments of coral reef diversity and abundance in the TER as compared to adjacent non-protected areas forms the basis for a comparative analysis of effectiveness of the TER. Therefore, the overall programmatic focus of these projects is to document the processes contributing to coral reef health and use that information to guide conservation and restoration, particularly in response to physical injury such as vessel groundings.
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