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This study's objectives were to determine if coastal (shallow-water, oceanic reef) 

aggregations of juvenile green turtles (Chelonia mydas L.) in Palm Beach, Florida 

occupied distinct home ranges and how these home ranges compared in size and resource 

availability with those studied elsewhere. Six immature green turtles were captured, 

measured, and subjected to esophageal lavage to determine diet. Each turtle was returned 

to its initial capture site within 24 h with an ultrasonic transmitter used to track 

movements. All turtles were < 65 em SCL, had ingested similar macroalgae, and 

occupied markedly small home ranges (mean= 2.38 ± 1.78 km2
), largely restricted to the 

reef itself. Diving and feeding activity peaked during the day; at night, activity was 

minimal. The food and sleeping site resource distribution at this specific location 

coincides with the turtles' home range size and shape, with considerable overlap of core 

areas . 
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INTRODUCTION 

Many marine animals, such as fishes, occupy distinct habitats during specific 

periods of their development. Much research centered upon how these organisms 

select sites, move about within them, and exploit resources in those habitats (Zeller, 

1997; Parsons eta!. , 2003). 

For many species, the larval stages disperse and are residents of the planktonic 

community, whereas immature and adult life stages are more sedentary and occupy 

discrete home ranges. Marine turtles follow a similar pattern. As post-hatchlings, 

most sea turtle species live in the surface waters of the open ocean while the older 

life-history stages (subadults and adults) are found in the more productive shallow 

water habitats bordering continents or islands (van Buskirk and Crowder, 1994; 

Bolten, 2003). 

Numerous questions remain regarding juvenile population movements and the 

behavioral ecology of individuals within "developmental" (temporary and age

specific) habitats. After a I to 3-year pelagic existence in the open ocean, juvenile 

turtles recruit to coastal waters and occupy a series of developmental habitats over the 

many years required to reach sexual maturity (Balazs, 1980; Mendonca, 1983; Balazs 

eta!. , 1987; Henwood and Ogren, 1987; Wershoven and Wershoven, 1988; Brill et 

a!. , 1995; Renaud eta!. , 1995; Musick and Limpus, 1997; Seminoff eta!. , 2002). 

The nature of those habitats varies among populations, and so also does the duration 

of occupancy. A home range may be established in some species (Mendonca, 1983; 

Brill eta!., 1995; Seminoff eta!. , 2002, Chelonia mydas; van Dam and Diez, 1998, 



Eretmochelys imbricata), but not in others (Hughes eta/., 1998, Dermochelys 

coriacea). 

It is suggested that by establishing a home range, juveniles enhance their 

access to resources that promote survival and rapid growth (Odwn and Kuenzler. 

1955; Me ab, 1963; Limpus and Walter. 1980; Ross, 1985; Forbes, 1994; Limpus et 

al., 1994). Telemetry studies in Kaneohe Bay, Hawaii (Brill eta/., 1995), Bahia de 

los Angeles, Mexico (Seminoff et al., 2002), and Mosquito Lagoon, Florida 

(Mendonca, 1983) showed that green turtles occupy distinct home ranges. In 

Kaneohe Bay and the Mosquito Lagoon, food resources (algae and seagrass, 

respectively) were concentrated in space; the estimated average green turtle home 

range measured less than 3.00 km2
. In the Gulf of California, pastures of macroalgae 

were found to grow in widely spaced patches; the estimated average green turtle 

home range measured greater than 16.00 km2
. Thus, varying sizes of home ranges 

are formed in relation to the distribution of resources. 

In this study, I described for the first time the home ranges of juvenile green 

turtles (Chelonia mydas L.) along shallow (2-6m deep) worm-rock reefhabitats in 

Southeast Florida (Palm Beach County, eastern Atlantic coast, USA). My goals 

included measuring both horizontal and vertical movement patterns of juvenile turtles 

on a daily basis. Home range measurements were used to determine if specific core 

areas exist and if neighboring turtles exhibit overlap with their movements. With an 

understanding of these movement patterns, conservation managers will be better 

equipped to protect these developmental foraging habitats. 
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The Florida Atlantic green turtle population is currently listed as endangered 

(USFWS, Division of Endangered Species, 2004). 

METHODS AND MATERIALS 

Study area. The study was conducted from August to November, 2003 , on a Palm 

Beach County central reef tract (Fig. I; N 26°46.300 ' , W 80°03 .500'). This reef was 

~ 9.0 km in length and paralleled the shore. The reef at its widest was 300 m across. 

The average reef depth was 4.0 m (range: 2.0- 6.0 m). The reef was characterized by 

narrow hard-bottom substrates created by Phragmatopoma lapidosa, a colonial 

species of sabellariid polychaete worm. Patches of the reef contained many ledges 

and undercuts that were separated by small pockets of sand. The reef surface 

contained clusters of algae and sponges. Graci/ aria mammillaris was among the 

dominant algal species in South Florida waters (Wershoven and Wershoven, I 988; 

Coastal Planning & Engineering, 2003). 

Turtle Capture and Initial Measurements. I used SCUBA at night to capture six 

resting juvenile green turtles (.:S 50 em straight-line carapace length) from under reef 

ledges (Fig. 2). Turtles were seized by hand at the nuchal and post-central scutes, 

carried to the surface, and placed aboard a research boat. This method of capture was 

both safe for the turtles and efficient (Wershoven and Wershoven, 1988; Van Dam 

and Diez, 1998; Balazs, 1999; Ehrhart and Ogren, 1999). 

Captured turtles were transported by boat within 1-2 h to a field laboratory 

where they were measured (straight-line carapace length [SCL; ± 0.1 em], from the 

nuchal notch to the posterior-most portion of the rear marginals ; curved carapace 
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length [CCL]) with calipers and weighed using a cargo net and a spring scale 

(accuracy: 0.1 kg). I photographed each turtle to identify and record individual 

marks such as papillomas, epiphites, and injuries. 

Lavage. Diet was determined for each turtle by lavage, a technique used to flush the 

esophagus. The lavage provided a sample of recently ingested algae . I used a 

modification of the procedure described by Forbes and Limpus, 1993 . Each turtle 

was placed on their carapace, with its head positioned downward. The mouth was 

kept open with a plastic pry bar. A thin plastic tube (3.5 mm inside diameter) was 

lubricated with vegetable oil and passed down the esophagus until resistance was met 

by the esophageal curvature (Bresette, pers. Comm.). Four liters of clean seawater, 

collected in the field, was then pumped through the tube to flush material from the 

esophagus. A bucket, placed underneath the mouth , collected the water sample, plus 

any food. Once the sample was acquired, the tube was removed. 

Macroalgae samples filtered from the water were preserved in 5% formalin 

and mixed with filtered seawater. Cross-sections of macroalgae samples were 

prepared and identification was made through overall cell structure. I defined the 

frequency of occurrence (% Freq.) of each alga in the diet as follows : 

% Freq. = (# ofturtles providing food item\ Total# of turtles) x 100 

Sonic Tag Attachment. Ultrasonic transmitters (DT-97; Sonotronics, Tucson, 

Arizona) were attached to the posterior carapace of the turtles using epoxy and plastic 

electrician's 'zip-ties' (Fig. 3). The zip-ties fit through two holes(- 3 mm diameter) 

drilled in the marginal scutes. Holes were treated with a Betadine antiseptic solution. 

The next morning, each turtle was transported to its capture site and released. 
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This attachment procedure has been used for over 20 years without 

compromising the turtles' survival (Mendonca, 1983; Balazs et af., 1995; Epperly et 

al. , 1996; Renaud eta!., 1995; Seminoff et al., 2002). Sonic attachments typicall y 

wore off after 5-6 months, or were removed after recapture. The attachment site (rear 

of the carapace) does not restrict swimming behavior, or otherwise effect the turtle 's 

movements. The transmitters were lightweight (190 gin water) and increased the 

turtles ' weight by less than 5%. Transmission frequencies (32-83 kHz) were above 

the hearing range of green turtles (30Hz - I kHz; Ridgeway et af. , 1969). 

Sonic Tracking. After a 24 h post-release acclimation period, I tracked the subjects 

during the day using a small (6.0 m) power boat. The transmitters emitted a pulsed 

directional sound signal that was monitored with two hydrophones (DH-3 and DH-4; 

Sonotronics Inc. ,Tucson, Arizona) and sonic receiver (USR-5W; Sonotronics Inc., 

Tucson, Arizona). One hydrophone (DH-3) emphasized sensitivity and was used to 

locate the turtle from afar (.:S 3 krn), while a second hydrophone (DH-4) was highly 

directional and homed in on a turtle's exact spatial location. Each transmitter emitted 

a slightly different signal used to identify individual turtles. 

As the distance between the boat (hydrophone) and the turtle decreased, the 

pulsed signal strength increased. When within - 20m of the turtle, I confirmed its 

location visually (using a mask, snorkel, and fins). The turtle ' s location was then 

recorded to the nearest five meters using a hand-held GPS (Garmin e-trex® Venture; 

Ramsey, U.K.) on board the boat. 

Tracking was done daily (weather permitting) from August to November, 

2003. Each individual was located several times, either during the morning hours 
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(0600-1200 h) or afternoon hours (1200-1800 h). Nocturnal tracking occurred in the 

evenings (weather permitting). In addition, each turtle was tracked over two 12 h 

periods at 20 min. intervals (weather permitting). 

Home Range Estimates. Home range areas were estimated using the "animal 

movement analyst extension" for the Arc View version 3.3 geographic information 

system (GIS) software (Environmental Research Systems Institute; Redlands, 

California). The program converts single positioning data for each turtle into two 

kinds of maps, one called a minimum convex polygon (MCP; Burt, 1943) and the 

other, a fixed kernel density (FKD; Worton, 1989). MCP's are constructed by 

linking the peripheral points from a distribution of plotted data (Mohr, 194 7). 

"Percent" minimum convex polygons (% MCP) (Michener, 1979), also known as 

"probability polygons" (Kenward, 1987), are produced from a subset of fixes using 

one of several percentage selection methods. 100% MCP are usually the standard and 

incorporate all outermost points to obtain an estimate of total area traversed (Harris et 

a/. , 1990; White and Garrott, 1990). The FKD method visually describes the 

probability of finding a turtle in any one specific place. Home range estimates are 

then derived by superimposing closely-spaced contour lines on areas of high density. 

A 95% FKD gives an estimate ofthe overall home range area, while a 50% FKD 

determines core areas (regions of disproportionately heavy use) within the home 

range (Seaman and Powell, 1996). 

General linear modeling (GLM; Cohen and Cohen, 1983) regression was used 

to determine whether a significant relationship exists between home range area 

estimates (log 100% MCP; log 95% FKD) and hypothesized home range predictors 
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(log SCL; log mass) (Seminoff et al., 2002). Individual turtle 100% MCP and 95% 

FKD home range area estimate medians were compared using a two-sample paired 

Wilcoxon rank sum test (Lehmann, 1975). Analyses were conducted with SPSS V. 

12.0 software (SPSS Inc. ; Chicago, Illinois) with significance based on p = 0.05. 

Dive Profiles. Four of the six turtles were recaptured so that a time-depth recorder 

(TDR; L TD-111 0; Lotek, Wireless, Inc., Newfoundland, Canada) could be used to 

measure diving activity over one diel cycle (Fig. 4 ). Pressure readings, a measure of 

depth, were recorded every 5 s. Upon turtle recapture, data were downloaded to a 

computer. Diving frequencies during the day were compared to those at night with a 

paired two sample t-test. One-way ANOV As were used to compare the mean 

daytime dive depths to the mean nighttime dive depths for individual turtles. A 

variance ratio F-test was used to compare the variance of dive depths between 

daytime and at night for all four turtles. Plots of depth (m) vs. time (h) were created 

for each subject. All mean values are followed by standard errors(± SE), unless 

otherwise noted. Significance was based on p = 0.05. 

RESULTS 

l. Length, Mass, and External Characteristics. The turtles ranged from 27.9-

48.1 em in SCL (mean= 36.7 ± 8.1 em) and 7.2- 12.6 kg in mass (mean= 9.9 ± 2.1 

kg, Table 1 ). Upon external and oral examination, no outstanding growths or 

papillomas were detected in any of the subjects. 

2. Lavage. Turtles had eaten macroalgae and sponge fragments (Table 2) in the 

following proportions: Gracilaria mammi/laris (n = 6, or 1 00%), Acanthophora 
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spicifera (n = 3, or 50%), Dictyopteris spp. (n = 2, or 33%), Dictyota spp. (n = 2, or 

33%), and Siphonocladus tropicus (n = 2, or 33%). Sponges were found in all turtles, 

but could not be identified to species. 

3. Home Range Characteristics. Turtles were tracked between 55- 62 d with an 

average of 94 (± 5.3) sightings per turtle. There was consistency in both home range 

area and shape among the six turtles (Table I ; Figs. 5, 6, 7). Home range areas 

spanned from 0.69- 5.05 km2 (mean = 2.38 ± 1.78 km2
) for 100% MCP and 0.73 to 

4.89 km2 (mean = 2.09 ± 1.80 km2
) for 95% FKD. Mean 100% MCP was slightly 

larger than mean 95% FKD, but a non-parametric Wilcoxon rank sum revealed the 

medians were not significantly different (Z = -1 .99, p = 0.05). Core areas (50% FKD) 

ranged from 0.18 to 1.17 km2 (mean = 0.49 ± 0.39 km2
); (Table 1 ). All activity 

centers were confined to the narrow, nearshore reef track and showed considerable 

overlap with neighboring turtles; none were located over sand (Figs. 5, 6, 7). 

Regression analyses indicated that there was no significant relationship 

between home range area estimates (log 100% MCP; log 95% FKD) and home range 

predictors (log SCL; log mass); (R2McP-SCL = 0.09, p = 0.51; R2McP-MAss = 0.16, p = 

0.36; R2FKD-SCL = 0.17, p = 0.39; R2FKD-MASS = 0.20, p = 0.32). 

4. Dive Profiles. A paired two sample t-test determined that turtles had a 

significantly higher frequency of dives (mean = 84 ± 3.0 dives) during the day than at 

night (mean = 39 ± 2.0 dives; 1(3) = 20.11, p < 0.001 ; Table 3). One-way ANOV As 

indicated that average dive depth for each turtle during the day was significantly 

shallower than at night (Table 4). A variance ratio F-test determined that dive depths 
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during the day were significantly more variable than those observed at night (F(l ,)) = 

69.00, p = 0.002; Table 4; Fig. 8). 

DISCUSSION 

Habitat Use. My study is the first to quantitatively describe daily activity and home 

range size of juvenile green turtles on worm-rock reef habitats in Southeast Florida. 

The importance of this habitat is highlighted by the overlap of all six home ranges (by 

the 100% MCP home range estimates) measured in this study. In addition, all six 

turtles exhibited an overlap of core areas with at least three other tracked subjects. 

These home range overlaps suggest that areas within this developmental habitat are 

commonly shared by neighboring turtles and not defended. 

The abundance of food resources in the form of tightly clustered macro algae 

patches may account for the substantial recruitment of juvenile green turtles along 

these nearshore reefs. Algal communities colonize the benthic, hardbottom substrate 

and are dominated by the red algae, Gracilaria mammillaris, which has been reported 

as a primary diet component of juvenile green turtles within nearshore worm-rock 

developmental habitats (Wershoven and Wershoven, 1988). Further evidence that 

juvenile turtles actively feed on algal resources were shown in my lavage results. 

Analysis of stomach contents revealed that all turtles had ingested Gracilaria 

mammillaris. Other major dietary items included another red algae (Acanthophora 

spicifera), two brown alga (Dictyopteris spp. and Dictyota spp.), and a green algae 

(Siphonocladus tropicus). Macroalgae regrowth, in response to herbivore cropping, 
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is high along these reef tracts (Goldberg, 1973). This suggests that juvenile green 

turtles at this site utilize benthic macroalgal food resources for growth and 

development. 

The worm-rock reef also provides shelter in the form of ledges that the turtles 

occupy at night, when inactive (Wershoven and Wershoven, 1988; Guseman and 

Ehrhart, 1990; Ehrhart, 1992). 

Home Range Size. Previous studies of green turtle home range suggest that the size 

of the range varies with the distribution of resources within a specific foraging habitat 

(Table 5). Mendonca ( 1983) found that the turtles' home ranges within the Mosquito 

Lagoon were between 0.48- 5.06 km2 (mean = 2.88 ± 1.46 km2
) , and daily 

movements centered around concentrated beds of manatee (Syringodium filiforme) 

and shoal grass (Halodule wrightii) . The turtles foraged primarily within these 

shallow seagrass flats. Brill eta/. (1995) found that home ranges averaged 2.62 km2 

(± 0.96 km2
) in area; daily movements of these Hawaiian turtles were confined to 

adjacent coral-covered patches where macroalgae growth was most abundant. 

Whiting & Miller (1998) found that the foraging areas of adult green turtles in 

Repulse Bay, Australia, were between 0.84 - 8.50 km2 (mean = 3.15 ± 2.72 km2
) . 

These turtles fed upon younger seagrass shoots of Zostera capricorni, Halodule 

uninervis, and Halophila ovata, which proliferated in localized areas and provided a 

higher nutritional quality of resources (Bjomdal, 1979; Lanyon, 1989). Renaud et al. 

( 1995) recorded some of the smallest home range areas for green turtles at a jettied 

pass in South Padre Island, Texas. These fed in areas ranging between 0.22- 3.11 

km2 (mean = 0.77 ± 0.90 km2
) . The study area was lined with extremely narrow jetty 
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channels, where three algal species ( Ulva fascial a, Pod ina veckersiae, and Bryocladia 

thysigera) proved to be the most readily available food resource. However, when 

Seminoff et a!. (2002) studied the home range size and movement patterns of 12 

green turtles at a lagoon habitat in Bahia de los Angeles, Gulf of California, Mexico, 

the turtles' were found to have a home range area between 5.84 - 39.08 km2 (mean = 

16.62 ± 3.24 km2
). Seminoff et a!. (2002) suggested the larger home range areas at 

his site are most likely related to the scattered distribution of the three main 

macroalgae pastures. These three dense fields of red macroalgae, dominated by 

Gracilariopsis lemaneiformis and Gracilaria robusta, were separated from one 

another by a minimum distance of 8 km. Seminoff eta!. (2002) showed that most of 

the turtles (11 of 12; 91 %) moved daily to feed at these three distant regions . These 

studies indicate that green turtle home range size conforms to the distribution of 

resources within a specific habitat. 

The narrow nearshore worm-rock reefs of Southeast Florida offer an 

abundance of macroalgae vegetation within tightly clustered resource patches. 

Coastal Planning & Engineering (2003) reported an average of20.4% (± 5.5%) of the 

reef tracts were covered by macroalgae growth. This clustered resource distribution 

may explain the relatively small home ranges of the six juvenile green turtles tracked 

during this study. This observation suggests that juvenile green turtles at this site 

establish "temporary residencies" within these small home ranges, utilizing food 

resources for growth. All six of the home ranges that I measured conformed to the 

slender nearshore reef habitat, with core areas never falling over sand substrates. 
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This suggests that both home range size and shape were determined by the 

distribution of resources within this specific area. 

Studies involving other marine turtle species show different movement 

patterns. Typically, loggerhead (Caretta caretta L.) and leatherback (Dermochelys 

coriacea) sea turtles demonstrate larger scale movements among foraging grounds 

than green turtles. Bentivegna and Paglialonga (1998) used satellite telemetry to 

monitor the movements ofsubadult loggerheads(< 73 .0 em SCL) between foraging 

grounds within the Mediterranean Sea. Distances of 1764- 2487 km were recorded, 

as the turtles showed an active tendency to travel back and forth between the eastern 

and western foraging basins of the Mediterranean (Margaritoulis, 1988; Argano et al. , 

1992; Bentivegna and Paglialonga, 1998). Renaud and Carpenter (1994) measured 

loggerhead turtle home range within the northern Gulf of Mexico to be between 954 -

2883 km2
. Similarly, Eckert et al. (1989) found that leatherback foraging movements 

in the Pacific Ocean covered distances greater than 4000 km2
. Conversely, hawksbill 

sea turtles (Eretmochelys imbricata L.) exhibit smaller home ranges than those 

measured for green turtles (van Darn and Diez, 1998). Home ranges for immature 

hawksbills at Mona and Monito Islands, P.R., ranged from 0.07 - 0.21 km2
, with 

turtles remaining at these feeding grounds for several years. 

Dive Profiles. A major constraint associated with ultra-sonic and radio telemetry 

studies are the lack of vertical dive profile information. I therefore used a time-depth 

recorder (TDR) to determine the foraging and resting activities of juvenile green 

turtles at my study site. 
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Other studies (Bjorndal, 1980; Mendonca, 1983; Ogden el a!., 1983; Brill el 

a!., 1995) speculate that green turtle movements away from algal pastures to deeper 

off-shore areas devoid of vegetation are associated with resting behavior. Mendonca 

(1983) reported that immature green turtles within Mosquito Lagoon, Florida, showed 

active feeding on seagrass flats in midmorning and midaftemoon, while resting in 

deeper waters during the midday hours. Similarly, Bjorndal ( 1980) showed that green 

turtles at Great Inagua fed at specific times during the morning and afternoon, while 

shuttling to deeper water to rest and thermo-regulate in the mid-day. Active 

movements away from foraging areas to deeper resting sites have also been shown for 

Hawaiian green turtles (Brill el a!., 1995) and Caribbean green turtl es (Ogden eta!., 

1983). Along the nearshore worm-rock reefs ofPalm Beach, Florida, I determined 

that juvenile green turtles do not retreat to off-shore resting sites. Instead, they 

establish sleeping sites under the same patch reefs where they actively forage, 

typically under the deeper east-facing ledge. 

Deep water movements by green turtles have also been attributed to foraging 

for off-shore benthic invertebrates. By consuming both vegetation and benthic 

invertebrates, green turtles may be able to supplement their diet with necessary amino 

acids and essential fatty acids that are otherwise lacking in plant foraging (Bjorndal, 

1990, 1997; Hirth et a!., 1992). At Bahia de los Angeles, Seminoff et a/. (2000, 

2002) suggested that green turtles moved to deeper(> 40 m) mid-bay waters to forage 

for benthic invertebrates. 

Even though the green turtles tracked at Palm Beach showed a greater range 

of depths during diurnal foraging activity than at night, all movements took place in 
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water shallower than 8 m deep. Coastal Planning & Engineering, Inc. (2003) 

conducted environmental surveys of the nearshore reefs off of Palm Beach and 

reported the presence of various sponge species growing upon the hard bottom 

substrate. This suggests the nearshore worm-rock reefs offer a substrate not only 

suitable for macroalgae, but also for benthic invertebrate colonization. Green turtles 

in Southeast Florida have been observed by divers to occasionally mix their diet by 

actively feeding upon sponges (A. Pavan, pers. comm. ; Makowski , pers. obs.). 

Evidence of this was shown in the analysis of partially digested particles, which 

showed that 100% of the turtles lavaged in this study contained some type of 

unidentifiable sponge fragments. Whether specific sponge species are selected by 

green turtles or are ingested through incidental by-catch has yet to be determined. 

Conservation. Currently, there is no population index for juvenile green turtles on 

the nearshore reefs of Southeast Florida. Many conservation efforts have focused on 

nesting females and hatchling success upon the beaches. However, little has been 

done to manage juvenile green turtle populations along the nearshore coastline. This 

study provides a better understanding of habitat use by juvenile green turtles during 

their neritic life stages. By documenting specific locations where the turtles are 

concentrated, sea turtle managers can more adequately protect these populations. 

Home range studies validate various other methods, such as the ' Shark Fishing' 

monitoring technique (Makowski eta/., in press), that are used to obtain an overall 

estimate of turtle abundance and distribution. With such knowledge, managers will 

be better positioned to protect specific reef patches, and the juvenile sea turtles that 

depend upon them at this stage of their development. 
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w 800 03.500' 

Figure 1. The coastal shoreline of Palm Beach, Florida, USA. 
Dark areas running parallel to shore are worm-rock reef tracts. 
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Figure 2. Juvenile green turtle photographed at rest under the nearshore worm-rock 
reef ledge. 
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Figure 3. DT -97 ultrasonic transmitter attached to the posterior carapace using 
epoxy and electrician 'zip-ties'. Zip-ties fit through two drilled holes in the marginal 
scutes. The turtle ' s head is covered with a towel to calm the animal. 
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Figure 4. L TD-111 0 time-depth recorder fitted to the posterior carapace. Pressure 
readings were recorded to measure diving frequency and depth range. 
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Table 1. Summary table of the physical traits, tracking duration, and home range area 
estimates for the 6 juvenile green turtles tracked at Palm Beach, Florida. Mean values ± 
standard errors (SE) are reported at the bottom of each column. SCL = straight-line 
carapace length; Mass = weight at initial capture; MCP = minimum convex polygon 
estimates; FKD = fixed kernel density estimates. 

Total No. 
Turtle SCL Mass of 100% MCP 95% FKO 50% FKO 
10# (em) (kg) Sightings (km2) (km2) (km2) 

(0/N) 
96 5.05 4.89 1.17 

1 33.7 9.2 (58/38) 
84 4.1 3.85 0.78 

2 31 .7 8.3 (55/29) 
97 

0.95 0.73 0.21 
3 45.2 12.1 (62/35) 

92 0.69 0.76 0.18 
4 33.4 9.8 (61/31) 

97 1.77 1.25 0.34 
5 27.9 7.2 (60/37) 

98 
6 48.1 12.6 (60/38) 1.74 1.08 0.27 

mean:t 36.7:!:. 8.1 9.9:!:. 2.1 94:!:_5.3 2.38:!:. 1.78 2.09:!:. 1.80 0.49:!:. 0.39 SE 
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Table 2. Lavage sample analysis of tracked j uvenile green turtles. 

Turtle 10 # Overall 
1 2 3 4 5 6 Frequency 

Gracilaria mammillaris X X X X X X 1.00 
Acanthophora spicifera X X X 0.50 

Dictyopteris spp. X X 0.33 
~ 

Dictyota spp. X X 0.33 CIS 
.!}) 

Siphonocladus tropicus X X 0.33 CIS 
0 .. Jania adherens X 0.16 c.,) 
CIS 

Dasycladus vermicularis X 0.16 ~ 

Cladophora spp. X 0.16 
B_!Ythoamnion spp. X 0.16 
Rhizoclonium spp. X 0.16 
Enteromorpha spp. X 0.16 

0 
~ Yellow sponqe; un identifiable X X X X X X 1.00 .~ i;j 

~ .. Green sponge; un identifiable X 0.16 ... .c 
c: ~ 

Bivalve fragments ; unidentifiable X 0.16 ~~ 
Ill ~ 

> 
.E 
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Figure 5. Home range area estimates. Left, Home range areas for Turtle 1. (A) 100% 
MCP area; (B) FK.D areas. Right, Home range areas for Turtle 2 . (A) 100% MCP area; 
(B) FKD areas. Brackets = 1.0 km for each turtle. 
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Figure 6. Home range area estimates. Left, Home range areas for Turtle 3. (A) 100% 
MCP area; (B) FKD areas. Right, Home range areas for Turtle 4. (A) 100% MCP area; 
(B) FKD areas. Bracket = 0.5 km for each turtle. 
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Figure 7. Home range area estimates. Left, Home range areas for Turtle 5. (A) 100% 
MCP area; (B) FKD areas. Right, Home range areas for Turtle 6. (A) I 00% MCP area; 
(B) FKD areas. Bracket = 1.0 km for each turtle. 
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Table 3. Comparisons between diving frequencies during the day (06:00 - 18:00) 
and at night (18:00 - 06:00) over a 24 h period. Above, summary data; below, two
sample t - Test analysis. 

Turtle No. Total No. of Dives (24 h) 
No. Dives No. Dives 

(Day) (Night) 

1 121 85 36 
2 120 80 40 
3 117 80 37 
4 133 91 42 

Mean+ SE 122 + 7 84 + 3 39 + 2 

Daytime Nigthttime 
Dives Dives 

Mean 84.00 38.75 
Variance 5.23 2.75 

Observations 4.00 4.00 
Pearson Correlation 0.51 
Hypothesized Mean 

Difference 0.00 
Of 3.00 

t Stat 20.11 
P(T <=t) one-tail < 0.001 
t Critical one-tail 2.35 
P(T <=t) two-tail < 0.001 
t Critical two-tail 3.18 
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Table 4. Comparisons between diving depths during the day and at night. 

T I 1 S urt e urn mary 

Total 
Avg. 

Dive Type No. of 
Diving 

Variance 
Depth 

Dives (m) 
Daytime Dives 85 3.24 1.50 
Nighttime Dives 36 5.50 0.11 

ANOVA I . ana1ys1s 
Source of ss Of MS F Pro b. Variation 
Between 

130.00 1 130.00 119.22 < 0.001 
Groups 

Within Groups 129.76 119 1.09 
Total 259.77 120 

T rtl 2 S u e urn mary 

Total 
Avg. 

Dive Type No. of 
Diving 

Variance 
Depth 

Dives (m) 
Daytime Dives 80 3.21 1.11 
Nighttime Dives 40 5.61 0.07 

ANOVA I . ana1ys1s 
Source of ss df MS F Pro b. 
Variation 
Between 

153. 15 1 153.15 199.69 < 0.001 
Groups 

Within Groups 90.50 118 .77 
Total 243.65 119 
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Table 4 (cont.). Comparisons between diving depths (m) during the day and at 
night. 

T tl 3 S ur e urn mary 

Total 
Avg. 

Dive Type No. of 
Diving Variance 
Depth 

Dives 
(m) 

Daytime Dives 80 3.19 1.33 
Nighttime Dives 37 5.66 0.06 

ANOVA I . analysts 
Source of ss Of MS F Pro b. 
Variation 
Between 

153.78 1 153.78 165.16 < 0.001 
Groups 

Within Groups 107.07 115 .93 
Total 260.85 116 

T tl 4 S ur e ummary 

Total Avg. 

Dive Type No. of Diving 
Variance 

Depth Dives (m) 
Daytime Dives 91 3.17 1.08 

Nighttime Dives 42 5.58 0.10 

ANOVA I . analysts 
Source of ss Of MS F Pro b. Variation 
Between 

166.86 1 166.86 215.80 < 0.001 Groups 
With in Groups 101 .29 131 .77 

Total 268.15 132 

Variance ratio F -test (Turtles 1-4) 

Daytime Nighttime 
Depth Depth 

Variability Variability 
Mean 1.25 0.08 

Variance 0.039 < 0.001 
Observations 4 4 

df 3 3 
F 69 

P(F<=f) one-tail 0.002 
F Critical one-

tail 9.27 

35 



t [.\' • • • ' ' • , r.• 
II· •; ". r::. 1." ·' I ' l ~-

~-
' I ··· [·• t~ 

I • 
. :, 

I' r· • ~ IE r,l 
~: ' I·· 

l:· 1:· .. 
~ - t-• I· .. tilt I>· ~ r ~ 

17•. 
r I "" ·: I c I• 

.. 
• . 

.. ,. 
.. 

t ~ l l ~ 
Jt.l l ~-- " ,. l ll Ill l:. . it.~ . 

~- '• . 
-. 

--- 2.. __ ___j~ 
Time (h) 

Figure 8. (a) Dive profile plot of turtle 4 during daylight hours. (b) Dive profile plot of 
turtle 4 during nighttime hours. 
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Table 5. Comparison of green turtle home ranges by site. 

Avg. SCL Avg. 
FOOD METHOD & 

STUDY SITE 
(em) & Wt 

HOME RANGE 
SPATIAL TRACKING 

(No. of Turtles) SIZE (mean.:!:. 
(kg) km2

) 
DISTRIBUTION DURATION 

Kaneohe Bay, Oahu , 51 .3 2.62 Clustered Sonic Telemetry 
Hawaii 1 (12) 24.5 (:t 0.96) Macroalgae -13 d 

Mosquito Lagoon, < 65.0 2.88 Clustered Sonic Telemetry 
Florida2 (9) 31 .2 (:t 1.46) Seagrass -40 d 

Repulse Bay, 105.4 3.15 Localized Radio Telemetry 
Austral ia3 

( 1 0) NA (:t2.72) Seagrass -11 .5 d 

South Padre Island, 34.5 0.77 Thin Algal Sonic, Radio 
Texas4 (9) 5.5 (:t 0.90) Channels Telemetry -so d 

Bahia de los 
Angeles, Gulf of 66.7 16.62 Scattered Sonic, Radio 

Cal iforn ia, Mexico5 43.6 (:t3.24) Algae Fields Telemetry -60 d 
(12) 

Narrow Sonic Telemetry, 
Palm Beach, 36.7 2.38 Clustered 
Florida6 (6) 9.9 (:t 1.78) Patches Of 

Direct Observations 

Macroalgae 
-60 d 

. 2 , . j .. .. Bnll et al, 1995, Mendonca, 1983, Wh!tmg &MIIIer, 1998, Renaud et al., 1995, Semmoff eta/. , 
2002; ~his study 
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