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Introduction
Distribution and abundance of marine turtles on nesting beaches in Florida are well documented and long-term standardized surveys for nesting population monitoring are in place.  In contrast, relatively little is known about the ecology and migrations of turtles in Florida waters.  In the near-shore and lagoonal waters of Florida, five species regularly occur - the loggerhead (Caretta caretta), green turtle (Chelonia mydas), leatherback (Dermochelys coriacea), hawksbill (Eretmochelys imbricata), and Kemp's ridley (Lepidochelys kempii).  More than one life history stage is represented for each of these species.  In Florida, in-water studies of marine turtles have focused on relatively few geographic areas.  Information on marine turtles in Florida Bay is sparse.  Carr (1942) described Florida Bay as the center of abundance for Kemp's ridleys in the Gulf of Mexico and provided an account of the capture (for shark bait) of three species - the loggerhead, green turtle, and Kemp's ridley at Sand (Sandy) Key in 1941.  Subsequent to Carr's 1942 account, no published accounts of marine turtles as a part of the Florida Bay ecosystem can be found prior to that of Schroeder and Foley (1992) describing the initiation of our population studies of marine turtles in Florida Bay in 1990.  

Information on the living resources of Florida Bay is necessary to guide restoration efforts and evaluate the effectiveness of these efforts, as they proceed.  The Announcement of Funding Opportunity for the South Florida Ecosystem Research and Monitoring Program identifies five specific areas of interest, including fisheries and protected resources.  The request for proposals (RFP) notes that restoration activities have ultimate impacts on the sustainability of higher trophic level species, including protected resources, which have widely recognized importance.  

Marine turtles are an important component of the living resources of Florida Bay and the scope of work detailed herein sets forth a plan for continuation of biological monitoring and research on the marine turtle populations of Florida Bay.  In addition to the relevance of the proposed work to research areas of interest outlined in the RFP,  the proposed studies respond directly to specific recommendations of The National Research Council in their report entitled "Decline of the Sea Turtles: Causes and Preventions."  The report addresses the critical need for long-term in-water studies such as the one proposed for Florida Bay.  Likewise, the Federal Recovery Plans for the loggerhead, green turtle, Kemp's ridley, and hawksbill clearly emphasize the need for studies of developmental, foraging, and migratory habitats, all of which characterize the significance of Florida Bay to marine turtles.

Objectives
The objectives of the proposed work are:

(1) continue long-term population monitoring of marine turtles to determine growth, foraging site fidelity, residency rates, health status, and trends in abundance

(2) elucidate the trophic role of loggerheads as apex predators in Florida Bay

(3) provide detailed descriptions of habitat use and behavior 

(4) examine the reproductive status and reproductive frequency of adult-sized loggerheads inhabiting Florida Bay

Objective 1: Continue long-term population monitoring of marine turtles to determine growth, foraging site fidelity, residency rates, health status, and trends in abundance.

Florida Bay provides important foraging habitat for immature and adult loggerheads and  immature green turtles and Kemp’s ridleys.  Long-term studies incorporating permanent marking methodologies (i.e., PIT tags) enable the elucidation of growth rates and provide data on foraging site fidelity and residency of turtles within Florida Bay.  Changes in the overall health of the Florida Bay ecosystem may influence the distribution, abundance, and growth rates of marine turtles.  Establishing long-term trends is necessary to assess these changes and investigate linkages between these higher trophic level species and ecological processes that may be changing in Florida Bay.  

The principal questions guiding this study component are:

1.  What are the growth rates of loggerhead and green turtles in Florida Bay?

2.  Do loggerheads exhibit long-term site fidelity to foraging sites within Florida Bay? 

3.  What are the long-term prevalence rates of fibropapilloma disease in Florida Bay?

4.  Is the population of marine turtles that inhabit Florida Bay increasing or decreasing?

The scientific objectives of this study are to conduct long-term standardized sampling in two study areas within Florida Bay to monitor population status, health, and key biological parameters. 

Methods
Live loggerheads will be captured from Rabbit Key Basin, Twin Key Basin, and Arsnicker Basin over a 10-day sampling period in early summer each year.  Previous efforts have demonstrated that 75-100 turtles can be reliably captured during this sampling period, yielding a sufficient sample size for varied analyses.  Spotters will conduct visual searches for turtles from two 6.5-m-length, 2.4-m-beam, flat-bottomed vessels traveling at slow speed in a random search pattern.   When turtles are sighted, snorkelers will dive near turtles or swim in the water behind turtles and capture turtles by hand.  Capture coordinates will be documented with a Global Positioning System (GPS) unit.   Environmental data collected at each capture site will include water temperature, air temperature, salinity, water depth, and a description of bottom habitat.  Captured turtles will be brought on board the vessel and measured according to standard measuring protocol (Pritchard et al 1983), weighed, tagged, externally examined, and photographed prior to release.  Detailed tumor maps will be made of all turtles exhibiting fibropapilloma disease.  Inconel metal tags will be applied to the proximal trailing edge of the front flippers.  One tag will be applied to each front flipper.  Tags will be cleaned upon receipt from the manufacturer to remove any residue and antibiotic ointment will be applied prior to attachment of the tags.  Passive integrated transponder (PIT) tags will be placed, using a sterile hypodermic needle, into the latero-ventral muscle of the right front flipper axillary area or in the area of the front flipper between the second and third or third and fourth phalanges near their articulation with the metacarpals.  The PIT tag is a tiny microprocessor capable of transmitting a unique identification code when excited by a detector.  All turtles captured during the study will be checked for internal PIT tags.  Prior to release, each turtle will be painted with a unique identifying number on the carapace to enable in-water identification to prevent recapture during the sampling period and to enable the use of mark-recapture population estimation techniques.    Turtles will be released at the site of capture. 

Objective 2:  Elucidate the trophic role of loggerheads as apex predators in Florida Bay 
No study has examined the diet of sea turtles inhabiting Florida Bay.  Understanding trophic relationships between loggerheads and the organisms they feed on will be critical to describing how changes in the bay’s fauna will affect loggerhead distribution.

The stages of loggerhead life-history found in Florida Bay include large immature, pubescent, and adult turtles that forage benthically in the shallow waters of the bay.  Diet studies from other areas show that loggerheads within these neritic/benthic stages are primarily carnivorous, consuming a range of invertebrates, most of which are slow moving, infaunal, or sessile, and that have hard exoskeletons.  Dodd (1988) cited approximately 200 taxa recorded in the diet of loggerheads.  A review of the foraging ecology of loggerheads is given by Bjorndal (1997).

Loggerhead foraging may play a significant role in the understanding of Florida Bay ecology and of the demography of commercially valuable species.  Loggerheads are known to create broad depressions in the sea bottom as they “mine” for infauna during foraging (Preen 1995) and in doing so may affect settlement, survivorship, and distribution in many organisms.  Loggerheads are also known to feed on commercially valuable species, such as the queen conch (Strombus gigas) in the Bahamas (Iversen et al. 1986).  Any shift in loggerhead diet toward or away from conch and other commercial species can only be understood by comparing loggerhead diet with the changing distributions of the organisms they feed on.

The principal questions guiding this study component are:

1.  What species are found in the diet of loggerhead turtles inhabiting Florida Bay?

2.  What is the relative importance of loggerhead prey species?

3.  Is there a relationship between loggerhead diet and body size?

The scientific objectives of this study are to adequately sample gut contents from both free-ranging live loggerheads and stranded dead loggerheads from Florida Bay.  We will use information on loggerhead diet to identify the trophic role of loggerheads in Florida Bay.

Methods
Live loggerheads will be captured from Rabbit Key Basin, Twin Key Basin, and Arsnicker Basin.  Capture methods will be the same as for loggerheads captured for the assessment of distribution and abundance, and the loggerheads studied for gut contents will be a subsample of that group.  A sample of stranded dead loggerheads will come from carcasses recovered from the bay side of the upper and middle Florida Keys or that are found floating within Florida Bay.  Only dead turtles in a sufficiently fresh condition and with an intact gut will be used for diet analysis.


Esophageal Lavage of Live Loggerheads   

The esophageal lavage technique that will be used on Florida Bay loggerheads was tested in a pilot study conducted with 12 live loggerheads from the Atlantic intake canal of the Florida Power and Light Company St. Lucie Power Plant and with 10 dead loggerheads stranded around Florida.  The dead loggerheads served as practice subjects before live loggerheads were lavaged.  A veterinarian experienced with the insertion of feeding tubes into sea turtles provided advice and oversaw initial lavage sampling of live loggerheads.  The technique is minimally invasive and has an insignificant chance of subject mortality.  

An esophageal lavage will be given to 40 live loggerheads that are determined to be in good health (the average condition of loggerheads in the bay).  Loggerheads to be lavaged will be captured by hand and brought aboard a 6.5-m-length, 2.4-m-beam, flat-bottomed vessel which is highly stable under conditions within the bay.  Turtles will be strapped into a padded rack to correctly position the turtle and to prevent struggle and injury.  Turtles within the rack will lie inverted with the venter upward and the head pointing down at a 45° angle, a position that prevents contact between lavaged material and the glottis and lessens the risk of aspiration.

Lavage techniques will be adapted from Forbes (1999).  The technique will be to flush material from the esophagus with a stream of filtered seawater from a tube connected to a hand pump.  The tube will be a 0.6 cm inner-diameter flexible Tygon tube, coated with inert lubricant (glycerine or similar human-use product) connected to a lever-operated diaphragm pump that draws from a reservoir of filtered seawater .  The lavage tube will be inserted into the turtle’s esophagus to no more than the level of the mid gular scutes of the plastron (to be pre-measured for each turtle).  Filtered seawater will be introduced at a minimum volume rate needed to collect swallowed material.  Water input will begin immediately after a breath from the turtle and will continue for no more than one minute so that aspiration risk is minimized.  All turtles will be observed prior to release to detect changes in behavior that would indicate difficulties from the lavage procedure.  

Samples of esophageal contents will be filtered through a 300 micron sieve and stored in glass jars in an ice bath.  Later in the laboratory, samples will be divided into taxonomic components, dried, and weighed.  Components will be analyzed by frequency of occurrence, absolute mass, and relative mass.


Gut Samples from Dead Loggerheads

A standard necropsy will be conducted on 40 loggerheads found stranded on the bay side of the Florida Keys.  Gut contents will be separated by position within the gut (esophagus, stomach, large and small intestines), washed, filtered, and examined in a manner similar to samples from live turtles (described above).

Objective 3:  Provide detailed descriptions of loggerhead habitat use and behavior

Although we are able to use the distribution of sea turtles captured and sighted within Florida Bay to describe the general habitat types where turtles occur, our habitat descriptions remain coarse.  We are not able to describe sea turtle habitat preferences with a resolution that matches the existing database for Florida Bay communities (Durako 2001).  Habitat preference is an essential element necessary to predict changes in sea turtle populations that result from changes in the structure of Florida Bay communities.  In addition to behaviors resulting in habitat choice, other behaviors that determine activity, surfacing rate, and travel, are important for a proper description of how turtles use Florida Bay. 

The principal questions guiding this study component are:

1.  What is the quantitative nature of the habitat where loggerheads are found in Florida Bay?

2.  What spatial patterns are there in the daily movements of loggerheads?

3.  What patterns are there in the daily activity and surfacing rates of loggerheads.

4.  Are there differences between diurnal and nocturnal habitat preferences?

The scientific objectives of this study are to track the movements of a sample of loggerheads in Florida Bay, monitor their behavior, and periodically measure the structure and organisms within the habitat they have chosen.  We will use these data with existing Fisheries Habitat Assessment Program data to predict patterns of loggerhead distribution within Florida Bay and to identify the habitat needs of loggerheads.

Methods
Live loggerheads will be captured from Rabbit Key Basin, Twin Key Basin, and Arsnicker Basin. Capture methods will be the same as for loggerheads captured for the assessment of distribution and abundance, and the loggerheads studied for habitat use and behavior will be a subsample of that group.

We will track 15 loggerheads using VHF-radio and sonic telemetry to provide information on localized movements of turtles over selected 24-hour periods.  Transmitters will be attached to turtles by short tether and the total weight of the transmitters will not exceed 3% of the mass of the animal.  To fasten the transmitters to turtles it will be necessary to drill one 4 mm diameter hole through the carapace at the posterior marginal scutes.  Prior to drilling, we will apply ice to desensitize the area to be drilled.  Drill bits will be flame sterilized, swabbed in isopropyl alcohol, and coated with anti-bacterial ointment before drilling begins.  Any bleeding will be controlled with a styptic pencil.  All fasteners to be inserted into drilled holes will be coated with anti-bacterial ointment.

We will attach transmitters to turtles by looping nylon electrical ties through the hole in the posterior margin of the carapace and through a zinc, sacrificial anode, weak link.  The weak link will connect to a 0.5-m-length tether of stiff latex tubing leading to the transmitter and float package.  The weak link will corrode to free the turtle of the tether and transmitters after a period of two weeks.  Before this time, the link with tether will have a breaking strength of approximately 6 kg.  The transmitter package will consist of a sonic and VHF-radio transmitter encased within a "closed-cell foam" float, just buoyant enough to raise the radio-transmitter antenna from the water.  We will customize the length of each tether so that the transmitter can extend no farther anterior than the second costal scute of each turtle.

Each transmittered turtle will be released precisely at the site where they were captured and allowed 48 hours to resume their normal activity.  Previous experience is that loggerheads are frequently observed after capture and are believed to have minimal alteration in their behavior due to the disturbance.  Coarse location of tracked turtles will be determined by VHF radio signal and finer locations will be determined by sonic hydrophone, with positions determined by a global positioning system on the tracking vessel.  During a 24-hour period beginning 48 hours after capture, behavior and habitat data will be recorded for each of eight, 3-hour intervals.  This will require getting close enough to a turtle’s location to throw a marker float near the turtle’s estimated location, and backing away so as to not affect the behavior of the turtle.  This approach will be made with a paddled kayak or an electric screw vessel to minimize noise and disturbance to the turtle.  The float will mark the area where habitat samples will be taken after the turtle has moved away.  During four periods during the 24-hour period (dawn, midday, dusk, and midnight) the VHF radio signal will be used to monitor surfacing interval for three surfacings or one hour, whichever is longer.  We plan to recapture each transmittered turtle at the termination of the 24-hour observation period, remove the transmitters, and release the animal.

We will collect and analyze habitat samples at tracked-loggerhead locations in a way similar to the approach used by the Florida Bay Fisheries Habitat Assessment Program (FHAP, Durako et al. 2001).  At each marker representing a turtle location, we will determine the presence of major organisms, quantify their cover-abundance, and describe the physical substrate.  We will conduct this habitat description by placing four 0.25 m2 quadrats on the benthic substrate in cardinal directions 1 m from the marker float.  Within each quadrat we will list all visible organism groupings (e.g., lowest identifiable taxa of seagrasses, algae, sponges, hydroids, hard and soft corals, other invertebrates) and visually measure the area coverage of each group.  Water depth, temperature, and salinity will be measured at the marker location as soon as possible after the turtle has departed.

Objective 4: Examine the reproductive status and reproductive frequency of adult-sized male and female loggerheads inhabiting Florida Bay.

Our population studies in Florida Bay have documented the year-round presence of a significant assemblage of adult-sized male and female loggerheads.  The exact reproductive status of these turtles has not been investigated.  We hypothesize that these turtles are reproductively mature and that Florida Bay is serving as adult resident habitat.  Very little is known about the reproductive biology of male loggerheads.  Adult females are known to nest on average every 2.5 years, but the lack of knowledge of the reproductive frequency of adult males hampers population modeling and population assessments.   Determining the reproductive periodicity of adult loggerheads inhabiting Florida Bay will provide the baseline data necessary to make comparisons to other foraging habitats and to characterize the importance of Florida Bay to the population as a whole. 

The principal questions guiding this study component are:

1.  Are adult sized male and female loggerheads inhabiting Florida Bay reproductively mature?

2.  Are adult male loggerheads in Florida Bay annual breeders or do they exhibit multi-annual reproductive periodicity as has been documented for adult females?

3.  How does reproductive frequency of adult females and adult males compare to other populations of adult loggerheads in foraging habitats worldwide?

The scientific objectives of this study are to determine the reproductive status of a sample of adult-sized  male and female loggerheads and to determine the reproductive frequency of adult  male loggerheads.  The accumulation of baseline data on the reproductive status of this segment of the population may provide an index against which to measure changes in the quality of Florida Bay habitat over time.

Methods
Live adult-sized loggerheads will be captured from Arsnicker Basin and surrounding shallow water habitat.  Capture methods will be the same as for loggerheads captured for long-term population monitoring.  Sampling will be conducted during a 10-day period in early to mid-March, 2003, just prior to the loggerhead nesting season.   Turtles will be captured and brought aboard the research vessel, kept on padded mats, and transported to the Keys Marine Lab at Long Key.  Ultrasound imaging will be used to evaluate the ovarian condition of adult- sized females.  This non-invasive technique allows a determination of reproductive status, whether an individual female is preparing to breed during the imminent nesting season (Rostal et al 1990, Plotkin et al 1995).  We will test the use of ultrasound to determine male reproductive status by assessing whether testicular structures are visible as has been demonstrated for certain fresh-water turtles (D. Owens, pers. comm.).  The reproductive status of male loggerheads (i.e., are they preparing to breed during the upcoming breeding season) and females that show no evidence of follicular activity (via ultrasound exam) will be examined through the direct viewing of the gonads using standard laparoscopy procedures developed for marine turtles and used successfully in the field by several sea turtle researchers worldwide (Wood et al 1983, Limpus and Reed 1985, Owens 1999, A. Meylan pers. comm).  Testicular biopsies will be taken to determine spermatogenic status of male turtles.  Blood samples will be drawn from captured turtles immediately following capture and plasma will be stored in liquid nitrogen for testosterone assays to further evaluate reproductive status.  We propose to work in collaboration with Dr. David Owens of the University of Charleston, who has extensive experience in this arena.  Turtles will be classified by sex, maturity status (immature or mature), and reproductively active or not (i.e., preparing to breed during the upcoming breeding season).  Reproductive frequency of turtles inhabiting Florida Bay will be compared to that reported from other foraging habitats by comparing the percent of the male and female population that is preparing to breed. 
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