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Abstract 

New advantages in science and technology, such as time depth recorders (TDRs), have 

allowed researchers to study the dive behavior of sea turtles in their natural habitats.  Ob-

serving dive behavior of internesting turtles has provided significant evidence on how to 

protect nesting turtles from human interactions.  One source of anthropogenic mortality 

on marine turtles is boat strikes.  Trend data from the Florida Sea Turtle Stranding Net-

work demonstrate that the annual proportions of boat-strike related mortality is increas-

ing.  Since 1980 boat strike injuries have tripled in Florida.  This study, near Casey Key 

Beach in southwest Florida, examined the internesting dive behavior of loggerhead sea 

turtles using time-depth-recorders; National Geographic Crittercamstm, and satellite-

linked location data to evaluate the risk of boat impacts based on the resulting dive data.  

When combined with 4 years of satellite telemetry data gathered prior to this study I re-

vealed that loggerhead turtles are most vulnerable to boat strikes between 8 a.m. – 12 

p.m. on the day following a nesting or false crawl event and on the night before returning 

to the beach to nest.  Potential mitigation measures, such as spatial and temporal boat re-

strictions, are reviewed by this study.     
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1  

Introduction  

 The loggerhead sea turtle (Caretta caretta) is classified under the U.S. Endan-

gered Species Act (ESA) of 1973 as Threatened (www.nmfs.noaa.gov).  The term 

Threatened is defined in the ESA of 1973 as a species that is expected to become endan-

gered in the future.  This classification provides protection for the species within U.S. 

waters by prohibiting the direct take or killing, and regulates incidental mortality attrib-

uted to anthropogenic causes.  Globally, the loggerhead is classified as Endangered by 

the World Conservation Union (IUCN) as described by their “Red List” 

(www.iucnredlist.org).  Further the loggerhead is listed under Appendix 1 of the Conven-

tion in Trade of Endangered Species of Wild Fauna and Flora, or CITES, which prohibits 

international trade in products derived from listed species between signatory nations 

(www.cites.org).  The inclusion of loggerhead sea turtles on these domestic and interna-

tional classifications attests to the species status as in danger of extinction.    

 A long-term monitoring program coordinated by the Florida Fish and Wildlife  

Conservation Commission (FWC), reports that loggerhead nesting in the state of Florida 

has declined.  Based on nesting data collected at 27 Florida index beaches, nesting by 

loggerheads has declined during the last 18 years (1989-2007) with a 50% drop between 

1998 and 2007 (Fig. 1) (www.myfwc.com).                                                                                                         

 One source of anthropogenic mortality on marine turtles is boat strikes 

(Loggerhead/Green Recovery Team, 1991).  In Florida between 1980 – 2005, over 4,000 

(~500 live; ~3500 dead) sea turtle strandings were documented with propeller wounds 

which represents 30% of all sea turtle strandings for that State (Singel et al., 2007).  

Furthermore trend data from the Florida Sea Turtle Stranding Network demonstrate that 
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the annual proportions of boat-strike related mortality is increasing (Fig. 2).  Since 1980 

boat strike injuries have tripled in Florida (Singel et al., 2007).  Loggerhead sea turtles 

account for 12% of all standings among sea turtles in both the Atlantic and Pacific Ocean 

(Singel et al., 2007), and while it is not clear that loggerheads are more or less prone to 

boat strikes than other species of sea turtle (Heithaus et al., 2002), they live in nearshore 

coastal waters (Norem, 2006) where encounters with boats are likely.   

 This project seeks to evaluate when and where loggerheads could be subject to 

boat strikes by monitoring their presence in near-surface waters, and suggest possible 

mitigation measures to reduce boat strike probability.  My approach was to measure div-

ing behavior (depth and duration) of loggerheads during the time between nesting events 

and to use that information to determine what proportion of time is spent within depths 

subject to impact by boat hulls and propellers.  Like all sea turtles, loggerheads must sur-

face to breathe and it is during these surfacing episodes near shore that they are exposed 

to vessel collisions.  I also used satellite telemetry data to evaluate where turtles reside 

after nesting to assess geographic location where boat injuries have a higher probability.   

 Ninety-eight percent of boats registered in the state of Florida are less than or 

equal to 12.2 meters (40 ft) in length (Rommel et al., 2007).  To understand why turtles 

are struck by boat hulls and propellers requires knowledge of boat draft.  The definition 

of boat draft is the depth of water a boat occupies at any given time (www.en.mimi.hu).  

The draft depends on the length of the boat, so boats with increased draft sit lower in the 

water (Mellor, 1992).  My project’s goal was to explain the correlation between boat draft 

and risk of boat strikes on turtles.      
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 New advances in science and technology, such as data loggers that can monitor 

dive depths and durations (e.g. time-depth-recorder or TDRs), have allowed researchers 

to better understand the behavior of sea turtles in their natural habitats (Eckert et al. 1986, 

Eckert 2002, Southwood et al. 1999).  With loggerheads such methods have been used to 

study diving and surfacing behavior (Houghton et al., 2002), with most directed toward 

studying female turtles during the period between nesting events in a single season 

(Houghton et al., 2002;  Hays et al.,2002; Sato et al.,1994; Sato et al.,1995; Webster and 

Cook, 2000; Minamikawa, 2000).  Diving behavior of internesting females varies with 

respect to habitat and maximum dive depths are often influenced by the offshore habitats 

(Houghton et al., 2002).  For example, turtles residing in deeper water habitats typically 

dive deeper and have longer dive times.  The purpose of the diving may also vary by lo-

cation.  Studies in Japan have concluded that loggerheads primarily rest on the seabed 

between nesting events (Minamikawa et al., 1997) and that much of loggerhead internest-

ing behavior is dedicated to energy conservation (Minamikawa et al., 2000).  However 

loggerheads will also make deep active dives in oceanographic frontal zones (Sakamota 

et al., 1990).  These studies imply a behavioral plasticity among internesting loggerhead 

turtles.   

 Other studies have shown that loggerhead turtles may vary their dive behavior 

over the interesting interval.  For example, turtles show increased time swimming near 

the surface, immediately after nesting and as the next nesting date approaches (Houghton 

et al., 2002).  Houghton et al. (2002) also documented that female loggerheads spend 

more time near the surface during daylight hours than at night.  Previous TDR studies 

have provided substantial information on loggerhead sea turtle dive and surfacing behav-
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ior (Houghton, 2002; Hays et al., 2002).  They also demonstrate that habitat and oceano-

graphic factors may lead to regional variation in the internesting dive and surfacing be-

haviors (Hays et al., 2002).  To mitigate for specific conservation issues such as boat 

strikes, it is therefore important to understand turtle behavior within those areas where the 

problems occur and to account for environmental variables that might influence dive be-

havior.   

 Within the waters of Florida, boat strikes are a notable threat to loggerhead sea 

turtles and are increasing.  By 2005, the number of boat licenses issued in the state of 

Florida surpassed one million representing a 2-fold increase in the last twenty-five year 

(Fig. 3) (Singel et al., 2007).  Increasing water traffic is associated with the increasing 

probability of boat impacts on sea turtles in Florida (Fig. 4) as has been similarly docu-

mented for manatees (Rommel et al., 2007).  The trends of increasing boat impacts on sea 

turtles prompt the present study to evaluate the risk to loggerheads from recreational wa-

ter crafts and boat races in a region occupied by a large nesting aggregation of southwest 

Florida loggerhead turtles.  

  In addition to increasing recreational and commercial boat traffic another poten-

tial (but undocumented) factor is professional boat racing in near-shore waters.  During 

the last decade boat racing in Florida has moved from offshore to near-shore events.  This 

transition has increased the popularity of the sport for both the general public and spon-

sors because beach spectators can view the boat races from less than 60 feet away as they 

travel at up to 160 mph across the race course.  Several Florida boat races sponsored by 

Super Boat International Productions, Inc. are held each year with many boats in each 

race.  The World Champion Offshore Powerboat Race in 2007 took place in Key West, 



 

 5 

 

Florida and was the largest powerboat competition in the world with over 85 boats in 

competition (www.superboat.com).  However the movement to near-shore areas has also 

moved the racing into habitats frequented by loggerhead turtles during their internesting 

periods and thus increases the potential for boat strikes (Fig. 5).  Five to six major boat 

races occur during the loggerhead nesting season in Florida (www.superboat.com) (Fig. 

6).   

 Nearshore boat races have also increased the potential for recreational or spectator 

boat strikes.  The annual Suncoast Offshore Grand Prix event is held in Sarasota, FL.  

This week long event (i.e. the 2008 event was scheduled from June 28-July 6) brings 

hundreds of thousands of people to Sarasota (www.findsarasota.com) to watch the races 

and participate in other boat related activities including the boat races, fishing tourna-

ments, offshore parties, and fireworks.  The event draws recreational boaters from all 

across the United States and other Countries.  Such heavy boat traffic in nearshore waters 

from both recreational and sport boat racing coincides directly with peak loggerhead nest-

ing season in Sarasota County.  In addition, the event overlaps with the 4th of July which 

is a date that includes increased recreational boating do to firework events on the coast.      

Marine Policy and Law 

 The regulation of boating activities is important for protecting loggerhead turtles 

from boat strikes.  Such regulations usually include speed restrictions.  A study in More-

ton Bay, Queensland, Australia concluded that turtles are at greater risk of being struck 

by boats that are traveling at increased speeds (Hazel et al. 2007).  In the waters of Flor-

ida, speed zones are posted as “Idle Speed – No Wake” or "Slow Down - Minimum 

Wake.”  These designated zones are in place in shallow waters and narrow waterways 
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such as intercoastal waters of Florida to protect manatees and sea grass beds 

(www.myfwc.com).  

 Under section 327.803 of Florida Statutes, the Boating Advisory Council (BAC) 

was created by the Florida Fish and Wildlife Conservation Commission (FWC) to advise 

the commission on affairs pertaining to Florida boating.  Specifically the BAC makes rec-

ommendations to FWC and the Department of Community Affairs on issues concerning 

the Florida boating community which includes: boating safety, boat usage, and boat-

related services such as marinas, ports, and boat testing areas (www.myfwc.com).       

 Boat races occurring in Florida require a permit to operate in waters that are des-

ignated as a protected area.  Under the Florida Administrative Code (F.A.C) Rule 68C-

22.03, a permit may be applied for to hold an organized boat race in a protected area.  

Permits are issued to boat races that meet the guidelines of individual county rules.  Con-

ditions are commonly placed on boat race permits.  Examples of some conditions that are 

incorporated with boat race permits include: aerial surveys of the race area before and 

during the event to ensure there are no marine animals in the area; onboard marine ob-

servers are present to spot wildlife in the area (i.e. most notably manatees); and a limita-

tion on the total number of boats in the race (www.myfwc.com).  Such a regulatory struc-

ture provides the opportunity for studies, such as this one, to have a direct effect on miti-

gation policies.  It is my intention to provide information gathered in this study to the 

BAC and FWC in support of policies that will reduce loggerhead sea turtle boat strikes in 

South West Florida.         
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Materials and Methods 

 Time-Depth Recorders (TDRs) were attached to adult female loggerhead sea tur-

tles during 2007 and 2008 summer nesting season to document water temperature and 

daily activity patterns.  These Data Storage Tags (DSTtm) made by Star-Oddi in Vatna-

gardar, Iceland were used for this study.  DST-mill and centi TDR tags were programmed 

using the SeaStar software 3.8.5 made by Star-Oddi Ltd. Vatnagardar (http://www.star-

oddi.com).  The DST-milli tags can record dive depths and water temperature and log up 

to 43,000 measurements with a fixed depth accuracy of +/- 0.4% at selected depth range 

(i.e. 0-20 m or 0-50 m ranges were used in the present study). DST-centi tags can record 

up to 174,000 measurements with a fixed depth accuracy of +/- 0.4 % at selected depth 

ranges (i.e. 0-20 m or 0-50 m ranges were used in the present study). 

 DST-centi tags were set up in the single measurement sequence mode allowing 

the tag to take a measurement of dive behavior every 5 sec. for a consecutive of 43,500 

measurements (see calculation 1).  These tags were set up to capture 14 days of dive be-

havior.    

 DST-milli tags were set up in a multi-measurement sequence mode allowing the 

tags to take a measurement of dive behavior every 10 sec. for up to 360 measurements 

(see calculation 2).  After 360 measurements the tag would switch into sleep mode for 

three hours.  By logging 21,728 measurements on 10 second intervals only half of the 

memory of the tag was used, so the tag could be re-deployed on another nesting turtle 

after the tag was recovered.    
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 Tags were attached on female loggerhead turtles after nesting on Casey Key 

Beach in Sarasota County, FL (i.e. see Fig. 6 for location).  Casey Key is one of five 

beaches monitored by Mote Marine Laboratory along a 58 km portion of the west Florida 

coastline.  Remigrant (turtles who have nested in a previous season) loggerhead turtles 

were chosen as candidates for TDR attachments because opportunity for recovery is 

higher than in neophyte turtles and such individuals have better nest-site fidelity to Casey 

Key.   

 TDRs were attached to the carapace of nesting turtles with quick setting epoxy 

resin (Aquamendtm) obtained at a local hardware store.  Attachment methods varied 

slightly between the 2007 and 2008 season.  In 2007 TDRs were attached to the rear por-

tion of the carapace (Fig. 7).  To prepare for attachment, the carapace was cleaned of 

epibiota, sanded, rinsed with multiple washes of water and denatured ethanol, and dried.  

After the surface was prepped the TDRs were secured with epoxy and the turtle re-

strained until the epoxy cured.  

 During the 2008 season, a pair of DST milli tags were placed on each turtle and 

programmed to run consecutively to record multiple days of dive behavior.  With insight 

gleaned from the 2007 season, the location of attachment was changed and TDRs were 

attached to the third central scute on the carapace instead of the rear portion of the cara-

pace (Fig. 8).  This method involved removing barnacles from the carapace before TDRs 

were attached with the epoxy resin.    

 Very High Frequency (VHF) radio transmitters (AVM Instrument Company Col-

fax, California: model MP2 with single C cell battery) were attached to the third central 

scute of the carapace to enable turtles to be readily located on the nesting beach and aid 
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in TDR recovery (www.avminstrument.com) (see Fig. 8 for attachment location).   At-

tachment methods were identical to that used to attach TDRs in the 2008 season.  The 

radio tags operated at a 151 MHZ frequency.  To determine transmitter location a VHF 

receiver, model R1000, and a foldable 3 element YAGI antennae (Advanced Telemetry 

Systems, model F150-3FB) were utilized.    

 Recovery probability of the TDR dataloggers was enhanced because of an on-

going loggerhead sea turtle identification tagging study on Casey Key Beach operated in 

concert with this dive study.  Tagging patrols carried a VHF receiver in the field seven 

nights a week from May 15th to July 31st to enable easy detection of returned instrument 

equipped turtles.  Tagging patrols were instructed to monitor the VHF receiver each hour 

between 9 p.m. to 5 a.m.  A steady signal detected by the receiver informed the research-

ers on the beach that the turtle was ashore.  Using a directional YAGI antenna allowed 

the tagging patrols to pin point the location of the turtle that was carrying a TDR tag.    

 Some turtles carrying TDRs and radio tags were also equipped with ARGOS Sat-

ellite linked time and depth records (satellite tags) which enabled us to track turtle loca-

tions throughout the interesting interval. Turtles carrying TDR units were closely moni-

tored.  When a turtle moved close to shore, the night-time tagging patrol was contacted 

with details about the expected nesting location.  This information also informed the tag-

ging patrols to listen for that turtle’s transmitter via radio receiver.   

 Data gathered via satellite telemetry also helped us determine how far individual 

turtles were from shore, either by displacement (distance from initial deployment) or dis-

tance (distance from the adjacent shoreline).  Such information was useful in determining 

the area of high use by turtles for correlation with boat high use areas.    
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  Finally supplemental depth data recorded from a previous study (2007-2008) us-

ing “National Geographic CritterCams” (www.nationalgeographic.com) were analyzed to 

assess dive behavior of female loggerhead turtles.  These video recorders are capable of 

collecting up to 12 hours of video footage per deployment as well as dive depth and water 

temperature.  After the recording session filled the memory capacity, the Crittercams 

were programmed to detach from the carapaces of the turtles and were usually found 

floating a couple of miles offshore.  Recovery was conducted from a 21 ft boat using a 

VHF receiver and directional YAGI antennae.  Five female internesting loggerhead tur-

tles were used is this study during the 2007 and 2008 loggerhead nesting season (2 crit-

tercams were attached in June 2007 early in the season and 3 were attached in July 2008 

late in the season).  

 When the turtles returned to nest instruments were removed from the carapace.  

TDR data was uploaded to a computer via the program SeaStar 3.8.5 and exported into 

Microsoft Office Excel 2003tm to calculate surface time, mean dive depth, average num-

ber of dives, standard deviation and to develop a time budget on duration spent at specific 

depth ranges.  

 To assess the risk of boat strikes on turtles, a surface risk zone (SRZ) was calcu-

lated from an assessment of boat draft typical for Florida.  According to a study of 1,500 

recreational boat designs by Mellor (1992) draft can be modeled as Maximum Draft = 

(Length of Boat/10) + (0.3 m).  A 2002 survey of 1,175 boaters in Florida showed that 40 

% of the vessels were 15-20 m in length (this was the highest percentage in the survey) 

(Thomas and Stratis, 2002).  And in another study (Rommel et al., 2007) the far majority 

(98%) of boats operating in Florida waters are less or equal to 12.2 m.  Thus, the maxi-
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mum draft of a powerboat of 12.2 m total length is 1.5 m and a boat of 15 m in length 

would have a maximum draft of 0.77m (see Fig. 9 for calculation).  I therefore set the 

SRZ of one meter below surface water as a conservative estimate that encompasses the 

majority of recreational boat traffic in Florida.   

  The amount of time spent with-in the SRZ was calculated for each turtle using its 

TDR record.  The number of data points logged at a depth between 0-1 m was divided by 

the total number of data points recorded during the deployment to calculate the propor-

tion of time the turtle spent in the SRZ (view calculation 3).  Average and maximum dive 

depth was also calculated for each record using Microsoft Exceltm.  Individual dives were 

classified as any submergences that began with a depth greater than 0 and completed with 

a return to 0 (view calculation 3 and fig. 10).  The total number of dives during the inter-

nesting period was divided by the total recording time of the TDR to calculate an average 

number of dives per hour (view calculation 3).  The number of dives per hour was further 

subdivided by each day.  Lastly, data points were binned into specific dive depths ranges 

to calculate the percentage of time spent at each depth range (view calculation 4). 

 The near shore environment (NSE) in this study was defined as a distance of 3 km 

from the nearest adjacent shoreline as determined by a visual examination of a nautical 

map illustrating the location of the Sarasota Boat Races.  Such maps are generated by the 

Festival Steering committee, who is required to map the boat races to comply with the 

Super Boat International/APBA Inc. regulations stating that boat races must be less than 

or equal to 10 miles in length from start to finish and provide a viewing area for recrea-

tional boaters (see Fig. 11) (www.suncoastoffshore.org).  We chose this delineation of the 

NSE because vessel traffic in and out of this area is high during the boat race events.  
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Since this map lacks a scale bar, a nautical map of the Gulf of Mexico from NOAA (chart 

number 411) was overlayed with the boat race map (www.charts.noaa.gov).  The farthest 

point of the spectator viewing areas from the adjacent shore line is observed at 3 km.  

Three summers spent in Sarasota County (2006, 2007, and 2008), allowed me to become 

familiar with the boat race events (i.e. attended the boat race events in 2006 and 2007).  

Through direct observation, vessel traffic is exceedingly high within the spectator view-

ing area during the week long boat festival.      

  Distance-from-shore for each turtle was calculated using satellite telemetry in-

formation gathered during the 2005-2008 loggerhead nesting seasons.  Turtle movements 

were reconstructed from latitude and longitude fixes of Location Classes 3, 2, 1, 0, and A 

(and omitted Location Classes of B or Z) (Hays et al. 2001).  To compensate for inherent 

error in Argos reported locations, data was post-processed using a Satellite Tracking and 

Analysis Tool (STAT: Coyne and Godley 2005) to filter inaccurate locations using the 

parameters: depth >+0.5m,  travel rate > 4 km/hr for consecutive locations, and angle of 

departure from a trackline of   <15 degrees.  Travel rate was calculated assuming straight 

line movements between the successive fixes.  Distance between successive fixes was 

calculated using a great circle route equation.  Distance, bearing, and other remotely 

sensed products were integrated in STAT and images were plotted in Maptool, a publicly 

available graphics tool provided by SEATURTLE.ORG (http://www.seaturtle.org). 

Bathymetric data were sampled from the General Bathymetric Chart of the Oceans 

GEBCO 1-minute Global bathymetry Grids.  All tracks were publicly available and ar-

chived on the website www.seaturtle.org/tracking.   
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 The locations reported by the satellite tags during the internesting days of logger-

head turtles were used to evaluate the proportion of time turtles spent within the near 

shore environment (NSE) during their interesting intervals.  So that all individual turtle 

data sets could be combined I subsampled each record to create equal sized records. Us-

ing Microsoft Exceltm distance from shore for values were randomly sampled every 

twelve hours, such that each subsample contain 2 high quality locations per hour.  To ac-

count for accuracy differences, data points with LC 1, 2, and 3 were assessed differently 

with respect to distance from shore: an LC3 located from shore out to 2.75 m was within 

the NSE, an LC2 located from shore out to 2.5 m was within the NSE, and an LC1 lo-

cated from shore out to 2 m was within the NSE.  Once the interesting data was exam-

ined, the data sets were combined in a single analysis to report the percentage of time in 

the NSE.   To assess the risk of boat strikes on loggerhead turtles, the amount of time 

spent near the surface within the NSE was determined from TDR data.   

 

Results 

 The 2007 and 2008 TDR deployments totaled 377.5 hours of recorded loggerhead 

dive behavior or 135,552 depth sampling intervals with the use of 7 TDRs (Table 1).  In 

2007 data logger retention was a problem as 10 instruments were deployed and only 2 

recovered.  Dive data collected in 2007 provided data for two internesting intervals for a 

single loggerhead turtle (turtle A).  One internesting period (June 9-10, 2007) provided 

15 h of recording between a false crawl on June 9th and a subsequent nest on June 10th 

and 57 hr (internesting period two) of data after nesting on June 10th.  In 2008, a total of 

10 TDRs were deployed on 5 turtles.  Six TDRs recovered in 2008 recorded data during 
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three interesting intervals totaling 108,695 depth interval measurements for three interest-

ing turtles.  Tags were best retained when placed between the radio and satellite tag (i.e. 

there was a 100% recovery rate when attached to this location).  One of the six recovered 

tags was damaged during the internesting period which caused a complete loss of data of 

this tag.  However, the other tag recorded 3.5 days of dive behavior for turtle D (May 27-

30, 2008).  Seven days of dive behavior for turtle B and C were recorded.  One day of 

false crawl dive behavior (May 28, 2008) and six days of post-nesting dive behavior was 

recorded for turtle B (May 29-31, 2008 and June 4-7, 2008).  Seven days of post-nesting 

dive behavior were recorded for turtle C (May 28-31, 2008 and June 4-7, 2008).  

 The three turtles in the 2008 TDR study were remigrants previous tagged on Ca-

sey Key Beach, FL.  Size ranged from curved carapace measurements of 90.5 cm to 108 

cm (Table 1).   Turtle B was first tagged in 2002, while Turtle C and D were tagged in 

2006.  Turtle A and B are actually the same turtle that laid 6 nests in both the 2007 and 

2008 seasons.  Satellite Telemetry revealed that the short migration to Old Tampa Bay 

after the 2007 nesting season allowed the turtle to return in 2008.   

 The 2007 and 2008 Crittercam study recorded 42 hours of dive behavior for 5 log-

gerhead turtles.  Crittercam A and B were recovered in the 2007 season and recorded 24 

hours of post-nesting dive behavior.  Crittercam C, D, and E were recovered in the 2008 

season and recorded 18 hours of post-nesting dive behavior.   

 A single analysis of the percentage of time spent in the SRZ and mean dive depth 

was assessed for 10 internesting intervals with the use of seven TDRs and five critter-

cams (Table 2).  Time in the SRZ was 9.8% of the daily time budget for the nine turtles 
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in the TDR and crittercam study.  Time in the SRZ ranged from 1.5-22.4% (Table 2). An 

average mean dive depth of 8.2 m was documented in this analysis.   

 Individual statistics from the 2007 and 2008 Crittercam study are represented in 

Fig. 12 and Fig. 13 and Table 2.  Fig. 12 and Fig. 13 represent binned data for time spent 

at each individual depth.  Time in the SRZ and mean and max dive depth differed among 

the 5 turtles in this study. 

 Turtle A in the 2007 Crittercam study spent 12.7% of the daily time budget in the 

SRZ for 12 hours of recorded dive behavior.  During this time she averaged a depth of 

3.3 meters.  Max dive depth was seen at a depth of 12 meters.  A large percentage of the 

daily time budget was spent just below the SRZ (i.e. turtle A spent 23% of time at depths 

from 2-3 meters).   

 Turtle B in the 2007 Crittercam study spent 8.6% of the daily time budget in the 

SRZ for 12 hours of recorded dive behavior.  During this time she averaged a depth of 

5.6 meters.  Max dive depth was seen at a depth of 10 meter.  Turtle B spent time at 

deeper dive depths when compared to turtle A (i.e. turtle B spent 32% of time at depths 

from 7-8 meters). 

 Turtle C in the 2008 Crittercam study spent 22.4% of the daily time budget in the 

SRZ for 6 hours of recorded dive behavior.  During this time she averaged a swim depth 

of 4.7 meters.  Max dive depth was seen at a depth of 6.52 meters.  A large portion of the 

daily time budget was spent at depths 6 -7 meters; 70% of time was spent at depths from 

6 –7 meters.  Overall, 92.2% of the daily time budget was spent at depths from 0-1 meters 

and 6-7 meters.  Very little time was spent at depths from 2-5 meters (i.e. only about 5% 

of the time was spent at depths from 2-5 meters). 
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 Turtle D in the 2008 Crittercam study spent 9.8% of the daily time budget in the 

SRZ for 6 hours of recorded dive behavior.  During this time she averaged a depth of 3.6 

meters.  Max dive depth was seen at a depth of 5.9 meters.  Increased amounts of time 

were spent at depths from 3-6 meters when compared to that of depths from 0-3 meters.  

Turtle D spent 70% of the daily time budget at depths from 3-6 meters. 

 Turtle E in the 2008 Crittercam study spent 1.5% of the daily time budget in the 

SRZ for 6 hours of recorded dive behavior.  During this time she averaged a depth of 4.3 

meters.  Max dive depth was seen at a depth of 7.9 meters.  Like turtle D, turtle E spent 

large portions of time at depths from 3-6 meters (i.e. 78% of the daily time budget was 

spent at depths from 3-6 meters).  

  Individual dive statistics from the 2007 and 2008 TDR study are represented in 

Table 2 and 3.  Table 3 shows a comparison of time spent in the SRZ and number of 

dives per hour for the first 24 h interesting period versus the average of all interesting 

data following this period.  For example, the first 24 h interesting period for turtle A was 

from June 9-10, 2007 and the following period was from June 11-14, 2007.  The first 24 

h period for turtle A and B represent a period following a false crawl event and subse-

quent nest.  The number of dives and time spent in the SRZ was high following a false 

crawl when compared to the interesting period following the first 24 hours after nesting.  

Turtle A spent 18.7 % in the SRZ and made 4 dives an hour following a false crawl 

which is greater than the internesting period from June 11-14, 2007.  Also, time in the 

SRZ following the false crawl event on June 9th was much higher than the average time 

in the SRZ for all TDR and crittercam turtles (i.e. the average time in the SRZ for all 

TDR and crittercam turtles was 9.7%; see Table 2).   Turtle B spent 8.1 % in the SRZ 
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zone following a false crawl event which is slightly greater than time spent in the SRZ 

after the first 24 h of interesting data (Table 3).   

 In 2007 the TDR study showed an increased number of dives and time spent at 

the surface during morning hours as compared to late afternoon and early evening hours.  

Increased surface activity and number of dives in the 2008 study was not tied to a specific 

time of day.  Individual statistics for the 4 interesting turtles in the TDR study varied with 

respect to dive depth, time of increased activity, standard deviation, and time spent in the 

SRZ. 

 Turtle A averaged 4 dives an hour and a mean dive depth of 5 m (3.1 sd) follow-

ing the false crawl event on June 9th.  The increased number of dives immediately follow-

ing the false crawl event exacerbated the average number of dives per hour (i.e. the turtle 

averaged around 9 dives an hour during the first three hours after the false crawl event).  

The number of dives made during the morning hours was low when compared with the 

first few hours after false crawling and last few hours before returning to the beach to 

nest.   

 Three days of post-nesting dive behavior (June 11-14, 2007) for turtle A con-

cluded a mean dive depth of 14.9 m (sd 3.9).  During this time the turtle averaged 2.5 

dives an hour.  High activity periods during the morning hours increased the number of 

dives made hour.  Figure 14 reveals that the loggerhead turtle made a significant number 

of dives between the hours of 9 a.m. – 11 a.m. on the first day after nesting.  The most 

dives made on the first day were documented between the hours of 9 a.m. - 10 a.m. (dur-

ing this time 8 dives were made; refer to Fig. 14).   
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 Six days of post-nesting dive behavior along with one day of post-false crawl dive 

behavior concluded a mean dive depth of 11.5 m (sd 4.6) for turtle B.  During this time 

the turtles averaged 2.1 dives an hour. After the false crawl event the turtle averaged a 6.3 

m mean dive depth which was 5 m shallower than the overall mean dive depth.  High ac-

tivity periods after the false crawl event increased the number of dives made on day one 

(i.e. turtle B averaged 4.62 dives an hour following the false crawl event, see Fig. 15).  

The number of dives made an hour decreased from day 1 to day 8 (Fig. 15).  The deepest 

dive was made on the 8th day in the dive interval at 16.6 meters 

 Seven days of post-nesting dive behavior concluded a mean dive depth of 11.21 m 

(sd 4.4) for turtle C.  During this time the turtle average 1.7 dives an hour.  The average 

number of dives per day was consistent throughout the 7 days of recorded dive behavior.  

The numbers of dives during days 1-3 were slightly above the overall average number of 

dives for turtle C (Fig. 15).  Like turtle B, turtle C gradually made deeper dives when 

comparing days 1 – 11 of the internesting interval.  The deepest dive was made on the 4th 

day in the dive interval at 16 meters.  

 Post-nesting dive behavior for turtle D concluded a mean dive depth of 14.5 m (sd 

8.1).  The turtle averaged 3.2 dives an hour.  High activity periods after the nesting event 

increased the number of dives made on day one (i.e. turtle D averaged 7 dives an hour 

following the nesting event, see Fig. 15).  The number of dives made an hour decreased 

from day 1 to day 4 (Fig. 15).  The deepest dive was made on the 4th day in the dive in-

terval at 23 meters. 

 Satellite tags deployed on 40 female loggerhead turtles during the 2005-2008 sea-

sons recorded 1,927 internesting days.  Time in the NSE averaged 34.5% for the 40 tur-
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tles in this study.  The SRZ was overlayed with time spent in the NSE for 3 time periods: 

24 h following a nesting event or nesting attempt, 24 h prior to a subsequent nest, and 

internesting data following the first 24 h of a nesting event.  

 Time in the SRZ was 12.5% of the daily time budget for turtle A during four days 

(June 9-14, 2008) of dive behavior (Table 2).  During the time in the SRZ the turtle spent 

50 % of the time within the NSE.  Time in the danger zone was increased on June 10th 

(period following false crawl) where the turtle spent the entire day in the NSE and 18.7% 

of that time was spent in the SRZ.  Three days of post-nesting dive behavior, June 11-14, 

2007, revealed that turtle A spent 6.3% of the time in the SRZ and 33.3% of that time in 

the NSE.  This turtle was recorded outside the NSE 12 h after nesting on June 10, 2007.  

Overall, 23% of the time spent in the SRZ was between the morning hours of 8 a.m. – 12 

p.m.  Low periods of activity were documented during evening hours and the first few 

hours after nesting.         

 Time in the SRZ was 6.9% of the daily time budget for the seven days of dive be-

havior for turtle B (Table 2).  Like turtle A, this spent the entire day in the NSE following 

the unsuccessful nesting attempt event on May 28, 2008 and 8.1% in the SRZ at this 

time.  During the six days of documented post-nesting dive behavior (May 29-31, 2008 

and June, 4-7), turtle B spent 6.7 % of the time in the SRZ (Table 3) and 12.7% within 

the NSE.  This turtle stayed within the NSE during the first 24 h after nesting.  Percent-

age of time in the SRZ was high through the first 3.5 days of recorded dive behavior 

when compared to that of days 8-11 (Fig. 16).  Turtle B spent increased amounts of time 

in the SRZ in the late evening hours on day 1 (i.e. turtle B spent an increased amount of 
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time in the SRZ before returning to the beach to nest).  Post-nesting dive behavior of tur-

tle B didn’t show a trend in increased surface time with respect to a specific time of day.   

 Time in the SRZ was 6.8% of the daily time budget for seven days (May 28-31, 

2008 and June 4-7, 2008) of post-nesting dive behavior for turtle C (Table 2).  During the 

time in the SRZ the turtle spent 20% of the time within the NSE.  This turtle was re-

corded outside the NSE 12 h after nesting.  Increased surface time was seen during the 3rd 

day of internesting were 10.63% of the daily time budget was spent in the SRZ (Fig.16). 

Like turtle B, this internesting turtles showed high activity periods at different times of 

the day when comparing day to day surfacing intervals.   

 Time in the SRZ was 6.5% of the daily time budget for the 3.5 days (May 27-30, 

2008) of post-nesting dive behavior for turtle D.  During the time in the SRZ the turtle 

spent 16.7% of the time within the NSE.  This turtle was recorded outside the NSE 12 h 

after nesting.  Increased surface time was seen during the 2nd day of internesting were 

8.93% of the daily time budget was spent in the SRZ (Fig.16).  Turtle D showed a trend 

of increased time spent in the SRZ during morning hours.  The loggerhead turtle aver-

aged around 9% of time in the SRZ during the hours of 6 – 10 a.m.   

 To compare the time spent in the surface risk zone, the depths used by loggerhead 

turtles B, C and D were plotted as a percentage of time spent at each depth (Fig. 17).  

When plotted as a percentage turtle B spent the most time in the SRZ.  
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Discussion 

 The 2007 and 2008 TDR study along with four years of data from 2005-2008 sat-

ellite tags revealed that loggerhead turtles are most vulnerable to boat strikes following a 

false crawl event, within 12 h after nesting and the night before returning to the beach to 

nest.  It is during this time that turtles are closest to shore and also subject to high traffic 

boat areas.  Our study showed that female turtles that had an unsuccessful nesting attempt 

typically reside in waters within 2 km of the adjacent shore line for the entire day before 

attempting to nest again placing them at elevated risk.  Since time spent in the SRZ was 

high throughout most of the day for turtle A and B following a false crawl event, it might 

also suggests periods of rest (Houghton et al., 2002) as turtles recover from the energy 

expenditure of a false crawl event.  Loggerhead turtles use up large amounts of energy 

following a false crawl event.  As part of the tagging patrols on Casey Key Beach, a 

number of turtles false crawled multiple times in one given night.  While we don’t have 

enough data to correlate the number of false crawls with increased risk exposure in the 

SRZ it is conceivable that onshore activities which lead to an increasing proportion of 

false crawls (e.g. human disturbance, poor quality nesting beaches due to renourishment, 

etc.) actually increase risk to the turtle by subjecting to a higher incidence of boat strikes.  

This study suggests that female turtles face more than just increased levels of stress fol-

lowing a false crawl.  During the week long boat festival in Sarasota, FL the probability 

of a false crawl could be increased due to fireworks events and increased nigh-time traffic 

on the beach from people that come to Sarasota for the boats races.   

   For turtles that were successful at nesting, they only spent a part of the day in the 

NSE following the nesting event.  Generally they moved through the NSE to offshore 
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areas within 12 h after nesting.  There was some variation to this patter, however.   Turtle 

A, C, and D were recorded outside the NSE 12 h after nesting while turtle B spent the 

entire day in this zone following its nesting event on May 29, 2008.    

 The four turtles in the TDR study showed a pattern of spending increased 

amounts of time in SRZ while within the NSE as compared to outside the NSE.  While in 

the NSE during the first 24 h after nesting, turtle B spent 8.1 % (Table 3) in the SRZ 

which represents an increase over time in the SRZ when outside the NSE.  This increase 

was also seen for turtle A during the first 24 h after nesting.  Turtle A spent 6.3 % of the 

daily time budget in the SRZ while in the NSE which represents an increase when com-

pared to time in the SRZ when outside the NSE.  This trend was also seen for turtle D but 

not turtle C.  Turtle D spent 7 % of time in the SRZ while in the NSE which is an in-

crease compared to the average time spent in SRZ when outside the NSE.  Turtle C only 

spent 6 % of the time in the SRZ while in the NSE.  The average of time spent in the SRZ 

for this turtle while outside the NSE was around 8%.  

 The five turtles in the Crittercam study did show a trend of increased time spent in 

the SRZ following a nesting event.  Three of the five turtles (Crittercam turtle A, C, and 

D) recorded time in the SRZ that was greater than the overall average of time spent in the 

SRZ for all TDR and Crittercam turtles (i.e. the overall average was 9.7 %; see table 2).  

The increased amount of time spent in the SRZ following a nesting event provides a good 

indicator of time when turtles are most at the surface during post-nesting dive behavior.  

While the time in the NSE was unable to be calculated for the Crittercam turtles it is ex-

pected that the turtles spent the entire recording session (12 h was the maximum re-

cording session) in the NSE.  This is based on what was seen in the TDR study and the 
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distance from shore the Crittercams were retrieved (i.e. Crittercams were usually re-

trieved a couple of miles off shore).    

 The number of dives and average dives per hour was only weakly related to the 

amount of time spent within the SRZ.  While in a few cases an increased number of dives 

per hour were reflected in the amount of time spent at the surface most turtle did not 

show this dive behavior.  Turtle B showed an increased number of dives and time spent 

in the SRZ throughout day 1 of the internesting cycle.   Other turtles differed in showing 

increased surface time with a low number of dives (i.e. turtle C spent 10.63% in the SRZ 

while averaging only 2.1 dives an hours).  Thus, to measure the risk of boat strikes in 

terms of dives per hour is less accurate than a direct measure of time spent near the sur-

face in the SRZ. 

 The nine turtles in the TDR and Crittercam study did show a pattern of increased 

amounts of time spent in the SRZ during the morning hours.  Six out of nine turtles spent 

increased amount of time near the surface during the morning (i.e. 8 a.m. to 12 p.m.) as 

compared to afternoon and night time hours.  Two of the four turtles in TDR study 

showed a preference of spending an increased amount of time in the SRZ during the 

morning hours (i.e. turtle A and D).  The five turtles in the crittercam study also showed 

an increased amount of time in the SRZ during the morning hours with the exception of 

turtle E. When looking at time spent at the surface following a nesting event, which also 

happens to be in a zone close to shore, the morning hours provides a segment of time 

when turtles are most vulnerable to boat strikes.  Boating is most notable in the morning 

and afternoon hours, especially during the boat races that are typically scheduled around 

the 10 a.m. hour (www.superboat.com).  
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 In the satellite tag study, that includes 40 interesting turtles from 2005-2008, the 

loggerhead turtles spent 34.5% of the time in the NSE.  The percentage of time in the 

NSE is exacerbated by false crawls and the period before nesting events. Conservation 

actions concerning boat strikes should focus on the fact that loggerhead turtles spent large 

amounts of time within this boating high use zone. To shift or minimize risk of boat im-

pacts, management actions should include both temporal and spatial recommendations.  

During the nesting season it must be considered that nearshore areas, closer than 3 km of 

the coast represent areas for high encounter raters with turtles.  Recommendations to pro-

tect nesting loggerhead turtles are made in the response to current boating laws in the 

state of Florida.  While the field components of my study are specific to Sarasota County, 

Florida, the diving patterns and statistics provide significant new management insight that 

might apply across 580 miles of Atlantic and 770 miles of Gulf coastline and to one of 

the highest per capita segments of US public boating (Singel et al., 2007).  

 The “idle” and “no-wake” speed zones in intercoastal ways provides little protec-

tion for internesting loggerhead turtles (Singel et al., 2007) because satellite telemetry 

shows that female turtles rarely frequent intercoastal water.  Female loggerhead turtles 

use areas that are directly adjacent from nesting beaches which in most cases are absent 

to “ilde” and “no-wake” zones.  A better awareness plan needs to be put into effect to 

help protect female turtles using zones directly adjacent from nesting beaches.  Increased 

speeds have been reported in studies from Australia to intensify the risk of boat strikes 

(Hazel et al., 2007).  Public outreach campaigns from these studies have been known to 

have encouraging effects on protecting turtles (Hazel et al. 2007).  A user group recom-

mendation in Florida would be to target the recreational boating industry.  With Florida 
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being a tourist state, not all boaters operating in the NSE are aware of the effects boating 

has on nesting turtles.  Furthermore, boaters age 21 or younger are not required to take a 

Florida boater education class if they are non-residents and have met boater education 

requirements in the state of their residence (www.myfwc.com).  Outreach should start at 

local boating marinas that rent boats to vacationer that come to Florida.  The program is 

two fold: (1) to make people aware of the currents boating laws in Florida; (2) to increase 

the awareness of both sea turtle nesting season and of impacts increased boat speeds has 

on turtles. 

 One spatial recommendation would include moving the boat race back into Sara-

sota Bay.  This recommendation would provide more protection for nesting female tur-

tles, but the boat races would need a special permit because of the operation in a pro-

tected area (www.myfwc.com).  Sarasota Bay is a protected area under the National Es-

tuary Program.  The Sarasota Bay Estuary Program was named in the Water Quality Act 

of 1987 as an area that was in need of a comprehensive plan to protect the water within 

the estuary.  A spatial recommendation to move the races in this region would not only be 

a difficult task, it might also have a negative effect on other wildlife residing in the bay.  

The Sarasota Bay is home to bottlenose dolphins, juvenile turtles, manatees, blue crabs, 

and several species of fish (http://www.gulfbase.org). 

 A more realistic alternative as a spatial recommendation would be to shorten the 

boat race course.  The current race course is approximately 10.5 km long which covers 

the area adjacent to Lido Beach between New Pass to Big Pass Sarasota.  While nesting 

numbers are low on Lido Beach, neighboring beaches see large numbers of loggerhead 

nests (i.e. Siesta Key and Longboat Key).  The recommendation is to shorten the race 
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course so it does not expand pass Lido Key (Map: Fig. 11; www.suncoastoffshore.org).  

This will narrow the area the boat races use in the near shore environment.  In theory, tur-

tles that show nest-site selection to neighboring beaches will have less of chance of being 

impacted by boat because the race course doesn’t extend to their nesting beach.   

 Equal consideration can be given to the human aspect of an alternative spatial rec-

ommendation.  Shortening the boat race course may increase the spectator viewing win-

dow from shore.  A current long boat race track allows only some of the race to be seen 

from the beach.  A shorter course would allow spectators from shore to view the entire 

race which could minimize the extra vessel traffic from offshore spectators.  A decrease 

in the number of boats using the NSE during the week of the boat races would diminish 

the probability of turtles being struck by boats.   

 Temporal recommendations include: (1) scheduling races outside the peak of 

nesting season or (2) conducting races in the afternoon rather than the morning. The log-

gerhead nesting season in Florida is from May-August.  Late June and early July is peak 

loggerhead nesting season in Florida which coincides with the Sarasota Boat Races.  

Scheduling the boat races in the late afternoon hours may help protect female turtles that 

have nested or false crawled the night before the race.  This recommendation however 

doesn’t address the number of boats in NSE during the week long event (i.e. the Sarasota 

Boat Races occur a day or two before Fourth of July weekend).   

 Scheduling the boat races outside of the nesting season would greatly decrease the 

probability of boat strikes on female turtles because female turtles would be dispersed to 

home forging grounds.  The temporal recommendation applies to both the Sarasota Boat 

Races and spectators that watch the races from their boat.  Vessel use in the NSE is high 
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around the time of the boat races.  A temporal recommendation would decrease the over-

all traffic during the peak loggerhead nesting season.  An alternative strategy of schedul-

ing the boat races for a different time of year might increase the overall attendance of the 

event.  The Sarasota Boat races are scheduled during the low tourist season in Florida.  

Temperatures can reach up to 100°F in early July when the boat races are scheduled.  

Scheduling the boat races outside of sea turtle nesting season and in high tourist season 

could benefit boat race sponsors and local business.   

 In order for temporal and spatial recommendations to be effective, a holistic ap-

proach must be taken to protect loggerhead turtles.  The TDR and satellite tracking study 

identified that turtles that false crawl spend a significant amount of time at the surface 

and in the near-shore environment.  Artificial lighting in Florida is a notable distraction 

for nesting loggerhead turtles.  Most coastal counties have adopted a “lights-out policy” 

on turtle nesting beaches.  Enforcement of the lighting ordinances is stricter in some 

counties than in others, but the overall threat of artificial lighting has not disappeared in 

Florida (Salmon 2003).  For the purpose of this study, the recommendation would be to 

put increased enforcement on lighting during the Sarasota boat race events to prevent 

false crawls during a time period of notable boat traffic. 
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Appendix 1 
Calculations 
 
Calculation 1:  The DST-centi tags were set up the single measurement sequence mode.  
A measurement was taken every 5 sec.  The Start time for DST-centi tags ranged from 1-
3 a.m. for the 2007 nesting season.  Below is just a sample calculation the time and start 
date different of what is showed below.  This calculation was made in the SeaStar Pro-
gram.  
  
 

 
 
 
 
 
 
 
 
 



 

  

 

 
 
 
Calculation 2:  The DST-Milli Model tags were set up to take 360 measurement and then 
switch to sleep mode for 3 hours.  To do this they were set up in the multi-measurement 
sequence mode where the interval sequence would cycle from measurement interval type 
1 and 2.  The Start time for DST-centi tags ranged from 1-3 a.m. for the 2007 and 2008 
nesting season.  Below is just a sample calculation the time and start date different of 
what is showed below.  This calculation was made in the SeaStar Program.    
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Calculation 3:  A) The time the tag was in sleep mode was documented. B) The time the 
tag was in sleep mode was subtracted to get the total number of hours the tag recorded. 
C) The number of measurements in the surface risk zone was multiplied by the total num-
ber of data points recorded by the TDR to get the percentage of time in the SRZ. D) A 
individual dive started and ended at a depth of 0 meters; the total number of dives was 
recorded for each turtle. E) The number of dives was divided by the total number of 
hours recorded to get the average number of dives an hour.              
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

  

 

 
 
Calculation 4:  The time spent at each individual depth was calculated for each day in the 
internesting individual.  The number of measurements at each depth was divided by the 
total number of measurements to get the percentage of time spent at that depth. 
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Appendix II  
Tables  
 
Table 1: Summary of results for the 2007 and 2008 study.  Results are from the 2007 and 
2008 TDR study and satellite tag study.  CCL stands for curved carapace length.  
 
 
            Summary of Dive Results  
Turtle 
ID Recorded dive time (hr.) # of Measurements CCL 
A 76 26857 108 
B 120.6 43478 108 
C 120.6 43478 90.5 
D 60.3 21739 99.8 
 Total: 373.4 Total: 135552  

 
 
 
Table 2:  Single Analysis for Percentage of Time in SRZ for 4 TDR turtles and 5  
Crittercam turtles.    
 
Percentage of Time in the SRZ  

Turtle % SRZ Mean Dive Depth (m) 

A 12.5 9.6 

B 6.9 11.5 

C 6.8 11.2 

D 6.5 14.5 

Crittercam A 12.7 3.3 

Crittercam B 8.6 5.6 

Crittercam C 22.4 4.7 

Crittercam D 9.8 5.9 

Crittercam E 1.5 7.9 

Average 9.744444444 8.244444444 

   
 
 
 
        Table 3:  Comparison of Dive Behavior Between 1st 24 h and the Following Interesting Period 
Turtle ID % SRZ (1st 24 h) % SRZ (After 24 h) # Dives an h (1st 24 h) # Dives h (After 24 h) 
A  18.7 6.3 4 2.5 
B 8.1 6.7 4.6 1.7 
C 6.1 6.9 2.4 1.6 
D 6.6 6.4 7 1.9 

 
 
 



 

  

 

Appendix III 
 

Figures 
 

 
 
Fig. 1. Annual Total Nests Counts for Loggerhead Sea Turtles. From FWC 
http://research.myfwc.com/features/view_article.asp?id=27537.  
 

 
Fig. 2. Trend of regional boat registrations plotted against % occurrence of prop related 
wounds. Sarasota Co. is plotted in red. 
 
 



 

  

 

 
 

 
Fig. 3.  Trend of Florida Boat Registrations from 1976 to 2006. Currently 1 out of 11 
Florida residents have a boating license (FDHSMV 2007). 
 

 
Fig. 4.  Boat prop strikes on carapace. 1 in 5 stranded loggerheads has evidence of 
boat impact (Singel et al. 2007). 



 

  

 

 
 
Fig. 5.  Turtle density near the rookeries is high during the internesting periods (from 
Tucker and Coyne- submitted). 
 

 
Fig. 6.  Boat races occurring in Florida are adjacent to several high density loggerhead 
rookeries for the Atlantic and Gulf of Mexico. 
 



 

  

 

 
Fig. 7. TDR attachment site on a loggerhead.(Photo credit: A.D. Tucker). 
 
 

 
Fig. 8.  Attachment sites of 2008 transmitters.  (Photo Credit:  A.D Tucker).   
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Figure from Mellor, 1992. 



 

  

 

 
Fig. 10. An individual dive was defined as the period between surface water events.  This 
graph is from the sea star program that represents a segment of dive data for a loggerhead 
turtle. The blue line represents depth and red is water temperature. During a 24 hr. re-
cording session, the DST-milli tags were set up to go into sleep mode for 3 hrs.  This fig-
ure is a visual representation of sea turtle dives.  The number of dives an hour was calcu-
lated using Microsoft Excel (graph constructed using 2007 dive data: Sobin and Tucker).  
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Fig. 11.  Office Nautical chart map of the Sarasota Florida Boat Races sponsored by Su-
per Boating International.   
Obtained from http://www.suncoastoffshore.org/images/officialmap.gif. 



 

  

 

 
Fig. 12. The depths used by loggerhead females plotted as a percentage of time spent in 
that depth in the 2007 crittecam study.  Turtle A and B are indicated separately as black 
and white bars respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13. The depths used by loggerhead females plotted as a percentage of time spent in 
that depth in the 2008 crittecam study.  Turtle C, D, and E are indicated separately as 
blue, red, and yellow bars respectively. 
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Fig.14. Number of dive an hour is recorded for the 2007 loggerhead turtle.  The logger-
head turtle increased the number of dives an hour during the morning hours.  Time is in 
hour segments i.e. 8 a.m. is the period between 8 – 9 a.m.  1d = first day after nesting, 3d 
= third day after nesting. The second day after nesting was not recorded because the tag 
was in sleep mode.  
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Fig. 15. Average number of dives by day for three internesting turtles in the 
2008 dive study.   
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Fig. 17.  Percentage of time spent at each depth is represented for three loggerhead 
turtles in 2008 TDR study. 

Fig. 16.  Percentage of time spent at each depth is 
represented for three loggerhead turtles in 2008 
TDR study. 
 


