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Abstract

Understanding transformation of unconsolidated sedimentary deposits to their liquefied components (rocks) is an essential problem in geology.  For coral reef deposits, this transformation is especially complex.  Coral skeletons are constantly modified --even while the organisms are still alive-- until they eventually become part of the geologic rock record as limestone.  Coral modifications recorded in the geologic record consist of biological processes such as cavities produced by boring animals, incrustation by attached epibionts and internal sedimentation (cavities filled in by skeletal sediment from the reef surface).  Other modification consists of physical abrasion and breakage of coral skeletons by storm-generated wave action.  Some of these processes have been described but there has been no attempt to apply the results to a preserved coral reef limestone.  

Taphonomy is the discipline that pertains to all processes responsible for the incorporation of any organism into the fossil record and the influence of these processes in the fossil record.  It comprises all reactions that take between the death of an organism until it is discovered in the rock record.  The southern Florida area offers an unparalleled opportunity to examine the preserved record of taphonomy in coral skeletons.  Guided by observations of living counterparts of the same coral species, a better understanding can be gained of the taphonomy on the Late Pleistocene Key Largo Limestone, exposed on several islands of the Florida Keys.  The study of the fossil limestone will provide information on the taphonomy of the coral skeletons.  The dead coral of living reefs can provide the guidelines for interpreting these transformations.
II. Overview
The main problem addressed by this research is perceiving the taphonomy of coral skeletons preserved in the late Pleistocene Key Largo Limestone.  The guidelines for interpreting the taphonomic processes must come from careful observation and measurements provided by the skeletons of recently deceased coral.  

Statement of issue

The issue to be investigated is the early phase of transformation of living corals to their preserved counterparts. The results can provide a valuable calibration of taphonomic processes with wide applications to fossil reefs.  In addition, an appreciation of this transformation will provide visitors to the park with a realization of how living corals become reef limestone.  The results of this study potentially pose significant contributions to sedimentology and geology, and provide incite for visitors of the park (insider inspiration).  The results may also contribute to future studies on the effects of global warming compared to climatic effects in the Late Pleistocene.  
Literature summary

Most published work on the comparison of living and Pleistocene reefs have focused on the general features.  Greenstein explained that “The reef fossil record is the exclusive database from which analyses of the response of coral communities to environmental change over geological time scales may be gauged” (Greenstein and Pandolfi 1997). The results of their study indicated that if the examined assemblages represent the potential for fossil assemblages, analysis of changes in coral reef communities may provide information on global change.  They explain in a different report that the corals of the Florida Keys have homogenous taphonomic alteration (2003), so that taphonomy is not species specific.  A related study found no significant difference between the living, dead and fossil coral assemblages, meaning that all can be used to jointly to gather global data (Greenstein and Curran 1997).  Coelobites (cavity-dwellers) are important to analyze for coral taphonomy as well.  Coral rubble provides broad surfaces for coelobites to modify the coral and contribute to the taphonomy (Choi and Ginsburg 1983).  Rubble stability, biological interactions between organisms and flushing of sub-rubble cavities were found to be the three major factors that control distribution, abundance, diversity and development of coelobites below rubble (Gischler and Ginsburg 1996).   
Scope of Study

The project will focus on the exposed Pleistocene Limestone on the Florida Keys and selected patch reefs in Biscayne National Park.  The scientific scope is the involved study of the living reefs and the use of it to exanimate and interpreted the fossil reef limestone.
Intended use of results

This project was intended as a senior thesis for David Weinstein when he was an undergraduate student at the University of Maryland.  We are asking to continue this study to contribute to Weinstein’s PhD research.  If the results and conclusions are appropriate, they will be prepared for publication.  

III. Objective/Hypothesis

The objective of this project is to describe the taphonomic features of the corals in the Pleistocene Key Largo Limestone.  Our testable hypothesis is that since the same corals occur in both living and fossil deposits, we will find similar taphonomic records.  We will identify and map living and dead corals in a specific geometric area and take measurements such as number of coral in the area, types of borings and incrustations, and relative sizes of the coral.  More research will compare this data with the mapping and analysis of the Key Largo Limestone in efforts to understand the taphonomic processes that occurred between the Pleistocene and today.  Examination and analysis of living reefs will be used as a guide to interpreting these features.
IV. Methods

The description of the taphonomic features in the Key Largo Limestone will provide an inventory of these features and their relative abundance.  Examination and analysis of features from living reefs will provide the necessary information for interpret of the taphonomic process.

Description of study area


Living Reef


The living reef study area will be the patch reefs of Biscayne National Park.  One of the three patch reefs selected to study is located by marker 9, off the coast of Sands Key.  Two other examples will be selected following a reconnaissance of patch reefs seaward the mouth of Caesar’s creek.  The study will not impinge in “wilderness” designated areas.  

Limestone Deposit


The Pleistocene Key Largo Limestone will be studied in two main areas.  Mapping of limestone blocks exposed in buildings will take place by the old fire station in Coral Gables and the Bass museum in Miami Beach.  The walls of the quarry on Windly Key will also be examined.
Procedures

Living Reef

For living and recently deceased corals, estimates of the abundance of coral skeletons in the process of being modified on the living reefs will be taken.  Line transect techniques will be used for this part of the study.  Digital photography will also be implemented to further analyze examples of coral skeleton accumulations.  Collection of a small number of already deceased corals will be used for identification of cross section images, analysis of features modifying the corals, and for laboratory chemical analysis.  Some dead coral may also be lifted up for access of digital images in assessment of coelobites (cavity-dwellers) that participate in reef modification.  These dead coral samples will be placed back unharmed in their original position. None of these activities will interfere with patrons of the park or influence their park experience.  The activities will be done out of the view of the public and in areas of little boat traffic.


Limestone Deposit


Examination of the limestone walls will be facilitated with the uses of photography.  Digital images taken of reef limestone blocks (50 – 100), for identification of the coral types will be taken and used for mapping coral skeleton and their taphonomic features.  Digital photography will provide base maps on multiple scales for analysis and numeration of the coral skeletons and their features (borings, incrustations, and everything that leaves a visible record).  

Collections


Collections of specimens of the fossil limestone will not be made in Biscayne National Park but instead will come from specimens obtained from the mill in Florida City.  There is no systematic collection of dead coral skeletons that show living examples of the taphonomic features (boring, encrustation, sedimentation, etc.).  We propose to collect six specimens of dead coral at each of the three selected sites.  Each of the six speciments of dead coral will weight no more than 2 kilograms.  The specimens will be collected by hand using scuba or snorkeling (as necessary) with care not to injure any living coral, any other organisms or the general ecosystem.  There will be no use of heavy machinery and little chance of damage to the environment.  The specimens will be removed from the collected site and returned to the Rosenstiel School of Marine and Atmospheric Science at the University of Miami School where they will be sectioned with a diamond saw.  


The main focus of the recently deceased coral samples is to analyze the epibionts and the cavity dwelling organisms (algae and sea animals).  These specimens (with their attached organisms) are essential to the study because they will allow us to identify the various organisms that are attached to the surfaces of the dead corals.  
Analysis


Analysis will take the form of multi-scale mapping, revealing the major features of taphonomy (boring encrustation, internal sedimentation).  The features on digital images will be mapped and their relative abundances measured.  This inventory and estimates of coral abundances are a main result expected from the mapping of digital images.  Digital imaging will be used for analysis of the surface of the dead coral.  Smaller scale images of individual corals will provide a sectional view of the same organisms from the limestone and will allow for identification.  

Schedule

Start date: June 15th  (but water work will not commence till approval)

Field work: July 2006 – August 2006 


   Continuation of study: Dec. 2009 – Dec. 2011

David Weinstein was an undergraduate student at the University of Maryland and worked in association with the University of Miami under the direct supervision of Dr. Robert Ginsburg.  Since the start of the previous study, Weinstein graduated from the University of Maryland and is presently pursuing his PhD at the University of Miami with adviser Dr. James Klaus. Approval of this application is essential for the field work on corals in Biscayne National Park.  We therefore request a decision on the application as soon as possible.  
Budget

David Weinstein will incur the costs of collecting images of the fossil limestone and scuba and snorkel equipment.  Dr. Robert Ginsburg will incur the costs for boat maintenance, gasoline and all other nautical activities.  Representative specimens and images will be made available to the Geology department of at the University of Miami.  

V. Products
Publications and reports
The main expected product of this research is a Phd dissertation for the marine geology and geophysics division of the University of Miami Rosenstiel School of Marine and Atmospheric Science.  Depending on the results and outcome of the study, the work from this study may be used for publication.

Collection

The collected specimens of dead coral from living reefs will be used in analysis for the previously stated purposes.  Only representative slices of the dead coral skeletons (with their cavity dwelling organisms) will be obtained by Weinstein for his presentation of results.  The specimens that show sectional view of attached biota will be provided to the University of Miami, RSMAS for teaching and further research.    Any superfluous material will be discarded.  
Data and other materials

Digital images, maps, graphs, posters and other educational tools may be produced to aid Weinstein in the presentation of his data.  The poster could possibly be used for a presentation at a national meeting.
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VII.  Supporting Documentation and Special Concerns
Safety

This project will require the use of a boat to get to the reef sites.  The driver of the boat has plenty of experience in the Biscayne National Park waters and with boating in general, minimizing safety concerns.  Scuba diving will also be used to aid in analysis.  All scuba divers are PADI certified and have the correct level of training for the research that is needed (described previously).  No machinery will be needed so scuba diving poses little safety risk.  Diving will occur at depths no deeper then 30 meters, also minimizing potential problems.
Access to study sites

Travel to living coral reef study sites will occur by boat transport.  The boat is stationed at the Coconut Grove Marine.  Each of the reef sites selected for study will be frequented at least two times each.  The limestone outcrops and building walls will be accessed at least two times each as well.  Care will be taken to stay out of the way of any nearby patrons of park sites.
Use of mechanized and other equipment


The main equipment to be used will be digital cameras, boats, measuring tape, scuba and snorkeling gear, and boat and car transportation.  A line transect may also be used for measurements.  No hard machinery will be used and no material will be left behind in the field.

Chemical use

No chemicals will be used in the field for analysis. 

** The rest of the requested information is not relevant to this project.**
