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Loggerhead and green turtle neonates migrate from Florida's coast during a 24-36 

h frenzy. Post-frenzy loggerheads are often found in flotsam (Sargassum), while post-

frenzy green turtles "disappear." This study compared the frenzy and post-frenzy activity 

of each species, their response to flotsam (in the laboratory and field), and the role of 

experience in habitat selection. Both species were most active during day I; activity 

thereafter declined (especially in loggerheads). Inactive loggerheads occupied Sargassum 

and open water (day or night) whereas inactive green turtles occupied Sargassum by day 

and both habitats at night. Exposure to Sargassum had no effect on the later habitat 

choices ofloggerheads, while exposed green turtles preferred Sargassum over plastic 

plants. In the field, both species preferred flotsam to open water, but occupied distinct 

microhabitats. Loggerheads preferred the mat surface while green turtles hid within the 

mat. Differences in activity and habitat selection likely reflect species-specific migratory 

and anti-predator strategies. 
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Introduction 

Seven species of marine turtles exist today, the surviving members of an adaptive 

radiation that occurred about 125 million years ago (Prichard, 1997). While the survivors 

share similarities in their life history strategies and basic morphology, each species has 

evolved unique morphological, physiological and behavioral adaptations characterized by 

differences in growth rates, longevity, diet, and foraging location (Bjorndal, 1997 and 

Henderickson, 1980). Many of these differences are evident even at the earliest stages of 

development and growth. 

After an incubation period of 45-75 days (depending upon temperature), most 

hatchling sea turtles emerge from underground nests, crawl to the ocean and swim away 

from coastal waters in a "frenzy" of continuous activity that lasts 24-36 h (Wyneken and 

Salmon, 1992 and Witherington, 1994). During the frenzy, the turtles move to deeper 

water where they may be less vulnerable to predators (Wyneken and Salmon, 1992). 

After the frenzy, turtles show a "post-frenzy" period of primarily diurnal activity 

(loggerheads, Caretta caretta; leatherbacks, Dermochelys coriacea; green turtles, 

Chelonia mydas). During the post-frenzy, turtles may search for oceanic currents where 

they can find food-rich convergence zones, and where they may be transported to nursery 

areas (Witham, 1991 and Lohmann and Lohmann, 1994). These pelagic stage turtles are 

not seen again for several years (green turtles, 2.0 - 3.0 y, 20-35 em in carapace length 

[Bjorndal, 1997 and Musick and Lirnpus, 1997]; loggerheads, 7 to 11 .5 y, 46-64 ern 
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[Bjorndal et al., 2000]) Loggerhead post-hatchlings reside on Sargassum mats (Carr, 

1986, Walker, 1994 and Witherington, 2002), but little is known about where post

hatchling green turtles reside in the open ocean, or what habitats they occupy. They 

simply "disappear." 

Over the last 10 - 15 years the model of dispersion proposed by Carr ( 1986) for 

Atlantic loggerheads has been confirmed. Loggerheads departing from nests in the 

eastern Atlantic enter the Gulf Stream and are transported east by the North Atlantic Gyre 

to the Azores, Madiera, and the Canary Islands (Bolten et al., 1998, Brongersma, 1971 

and Carr, 1986). Hatchlings probably maintain favorable positions within the gyre for 

transport across the Atlantic by using magnetic maps (Lohmann and Lohmann, 1994). 

Young turtles captured near the Azores and Madeira fill a gap in the size distribution 

between the hatchlings that leave western Atlantic beaches, and the juveniles that return 

(Tiwari et al. , 2002). Genetic markers indicate that most of the turtles found in these 

eastern Atlantic nursery areas originate from rookeries in the Caribbean, as well as 

coastal habitats in U.S. waters, especially Florida (Bolten et al. , 1998). Most of the 

juvenile turtles return to developmental habitats in the western Atlantic (Musick and 

Limpus, 1997 and Bowen et al., 2005). While they may often shift locations, they 

usually remain in the western Atlantic until they reach sexual maturity (Bolten, 2003a). 

Sargassum mats provide both food and refuge for loggerhead post-hatchlings. 

Lavage samples of stomach contents reveal that small loggerheads feed primarily on 

plant and algal material (including Sargassum), sessile meio-fauna (endemic or 

associated with Sargassum), and less frequently on organisms not associated closely with 

Sargassum (pleustonic and aeolian transported insects; Richardson and McGilivary, 
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1991, and Witherington, 2002). The turtles rarely move, except perhaps to feed. 

Reduced activity probably conserves energy for growth and probably reduces detection 

by predators (CaiT, 1986 and Witherington, 2002). Their color (which is similar to the 

algae) and inactivity may also make them difficult for predators to detect in Sargassum 

(Musick and Limpus, 1997). 

Green turtle hatchlings leaving rookeries in the Caribbean and Florida may also 

be transported via the Gulf Stream to the Azores and Madeira, as some tagged turtles 

from Florida have been recovered there (Musick and Limpus, 1997). But, in contrast to 

loggerheads, young green turtles are rarely found in Sargassum though there have been 

occasional sightings (Caldwell, 1969, Carr, 1986, Carr and Meylan, 1980, and 

Witherington, 2002 and unpublished data). During their time in the pelagic, green turtles 

are omnivorous with a strong tendency to camivory (Bjomdal, 1997). 

Lavage samples taken from green turtles washed ashore after storms on the east 

coast of the U.S. reveal contents consisting of Sargassum and associated biota. These 

data indicate that they also "associate" with weed beds (Carr, 1987), but the nature of that 

association is unknown. Unlike loggerheads, the hatchling green turtle carapace is olive 

green to grey-green while the plastron is white. Thus, young green turtles are counter

shaded (common among pelagic organisms) and are therefore assumed to prefer open 

water (Musick and Limpus, 1997 and Mellgren, 2003). Green turtles are also active, fast 

swimmers and unlike loggerheads, perform frequent shallow dives in open water 

(Wyneken, 1997 and Salmon eta!., 2004). 

These fundamental differences in color and behavior, as well as the rarity of green 

turtles in Sargassum mats, suggest that they occupy different habitats than loggerheads. 
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To test that assumption, Mellgren et al. (2003) did habitat choice experiments in large, 

outdoor pools containing floating plastic "plants". Their subjects were green turtles and 

loggerheads, 1-3 5 days of age. Loggerheads rested in the flotsam whereas green turtles 

consistently stayed in "open water". However, when I repeated their experiments, the 

outcome differed prompting the experiments I describe below. 

The purpose of my study was to compare and contrast habitat preferences of 

loggerhead and green turtles under semi-natural conditions. In laboratory experiments, I 

compared the two species with regard to their activity levels during the frenzy and post

frenzy period, their choice of habitat, and the degree to which those choices could be 

modified through experience. Field experiments were also conducted to determine if the 

habitat preferences I observed in the laboratory were also shown under natural 

conditions. My results indicate that both species, during their first few days in the open 

ocean, prefer to hide in Sargassum mats. Once there, both species also show little, if any, 

swimming activity. 

Materials and Methods 

I. Hatchlings 

Loggerhead and green turtle hatchlings were obtained from natural or relocated 

nests (reburied at a hatchery) between August and September, 2005 and 2006. Nests 

were located on beaches between Pompano Beach, Broward County (26.14°N, 80.08°W) 

and Boca Raton, Palm Beach County (26. 37°N, 80.11 °W), Florida, USA. Each nest was 

marked with a stake indicating the deposition date. Approximately 55 d later, I examined 

the sand above the egg chamber for the presence of a shallow depression. A depression 
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indicates that the hatchlings have dug their way upward, and will probably emerge that 

evening. I captured turtles either as they emerged at night, or in the afternoon just prior 

to their emergence that evening. 

I took 20 hatchlings from each nest and placed them inside a light-tight (but not 

air-tight) Styrofoam® box containing a shallow layer of moist sand (to prevent 

dehydration). All turtles were immediately transported to the Florida Atlantic University 

(FAU) Marine Laboratory at Boca Raton. I marked my subjects with non-toxic colored 

nail polish or numbered plastic strips (affixed with superglue to the carapace) of different 

color to identify each turtle by nest and emergence date. 

II. Exposed and Unexposed Groups 

Turtles were separated into two groups of 10 turtles each, and placed that evening 

into one of two adjacent rectangular, blue-colored polypropylene tanks (1.83 m long x 

0.91 m wide x 23.0 em deep; capacity, 382 1). The "exposed" group was placed in a tank 

that contained a rectangular mat of Sargassum at one end, occupying '!4 of the total 

surface (Fig. 1). The mat was held in place by a fiberglass screen net (0.91 m wide x 

0.46 m long), suspended by hooks -1 Ocm below the surface. It was filled to the water 

surface with Sargassum. Fresh Sargassum was collected at the beach for each trial, or 

harvested by a boat in the open ocean. Excess Sargassum was maintained in the 

laboratory in circulating, aerated seawater on a 12L: 120 light cycle and exposed to 

bright (1000 W metal halide) lighting until it was used. 

The "unexposed" group was placed in the adjacent tank, identical to the first 

except that it contained only seawater. 
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Turtles were maintained on a 12L: 12D photocycle controlled by a timer, with 

lights on at 0800 h and off at 2000 h. A natural lighting spectrum over each tank was 

provided by two 40 W tubes (one Zoo-Med fluorescent; one Verilux full spectrum UV 

fluorescent), suspended 46 em above the water surface and oriented parallel to each 

tank's long axis. Fresh seawater entered each tank at the corners and was controlled by 

valves; water drained from each tank through a central standpipe, covered with plastic 

screening. Water temperature was measured daily. 

III. Measurement of activity and associated behavior 

Hatchlings were placed in the tanks (near the center standpipe) one h after dark on 

the same day that they were captured. The "unexposed" group was left undisturbed for 

the next three days, but I quantified the behavior of the "exposed" group three times each 

day, (morning, afternoon and evening [1-2 h after dark] for three days), beginning the 

following morning. Evening observations were made under the dim illumination 

provided by a small flashlight with its lens covered by a red plastic filter. Data collection 

ended after completing the evening observation on day 3. 

Each turtle's behavior was categorized as: (i) active (swimming) in open water, 

(ii) active (crawling) in Sargassum, (i ii) inactive ("tucked" position, front flippers folded 

over the carapace) in open water, and (iv) inactive in Sargassum (Fig. 2). 

IV. Role of experience in habitat choice 

I compared the habitat choices made by the exposed and unexposed turtles during 

a second set of observations on day 5. These observations were made to determine 

whether in each species, prior exposure to Sargassum had any effect on subsequent 

habitat choice. I used the following procedures. 
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After completing observations on day 3, both the exposed and unexposed turtles 

were transferred from their blue tanks to an empty seawater-filled holding tank where 

they were housed together on day 4 until the lights went off that evening. Shortly after 

the onset of darkness, I returned 10 turtles (5 exposed and 5 unexposed turtles, all 

randomly selected) to a blue test tank that now contained two mats of floating material: 

Sargassum at one end, and green plastic "plant" material, of identical area and thickness, 

at the opposite end of the tank (Fig. 3 ). Each mat of flotsam was identically suspended 

by nets occupying 1f4 of the tank surface. The exposed and unexposed turtles could 

therefore choose between three habitats: open water, or one of the two mats of floating 

material. I recorded their choices by noting where each animal was located during 

morning, afternoon, and evening observations on day 5. 

V. Maintenance, replicates, physical measurements, and controls 

Turtles were fed (fresh shrimp; a gel-based artificial diet containing ground fish, 

vitamins and minerals) to satiation each day, beginning after data collection on day 3. 

I replicated both experiments (the measurement of activity and habitat choice by 

the exposed group over days 1-3; habitat choices of the exposed and unexposed groups 

during day 5) six times with each species. Each replicate consisted of 20 turtles, with 

each sample obtained from different nests. To eliminate any "position effects," I 

alternated the left-right position of the Sargassum and plastic plant mats for each 

replicate. After completing these experiments, the turtles were taken several km offshore 

by boat and released in the Florida Current (Gulf Stream). 

I measured the light reflected from Sargassum and the plastic plant mats using an 

Ocean Optics 2000 spectrometer. These measurements were appropriate because sea 
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turtles have the capacity to discriminate color (Granda, 1979). To be sure that the 

artificial plants were chemically distinct from Sargassum, they were soaked in bleach and 

rinsed in fresh water before each replicate. 

To verify that the conditions in the tanks housing the exposed and unexposed 

groups were identical (except for the presence or absence of Sargassum), I monitored the 

flow rate of seawater into both tanks for uniformity each day. To make sure the light 

distribution inside each blue tank was comparable, I measured the radiance produced by 

the overhead fluorescent fixtures at water level with a radiometer (UDT 351 A; uniform 

sensitivity between 400- 700 nm). The light distribution was measured at 25 locations 

(5 equally spaced points along each of five rows between the tank walls, aligned parallel 

to the length of the tank). 

Water temperatures inside both tanks were measured daily. They were identical 

because both tanks received fresh seawater from the same source. 

VI. Field experiments 

Field experiments were designed to determine whether green turtles and 

loggerheads made habitat choices in the ocean that resembled those made under 

laboratory conditions. To find out, I transported turtles of both species by boat (a 5.5 m 

long, Parker brand "open fisherman" with a 115 hp Honda outboard) 2-5 km offshore, 

and release them at the water surface near the edge of a natural Sargassum mat. A pair of 

turtles (one green turtle, one loggerhead) was released simultaneously on opposite sides 

of the mat by each of two swimmers. 

Hatchlings of both species ranged in age between I 5- 30 d, post emergence 

(loggerheads 40-60 mm in SCL; green turtles 60-80 mm in SCL). All had been 
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maintained in tanks at the F AU Marine Laboratory, where they received a constant flow 

of fresh seawater and were fed to satiation (on the same diet as previously described) 

once daily. None of the turtles were exposed to Sargassum. Field tests were done during 

the day when wind velocities were light(< 10 knots) and waves were< 0.5 min height. 

These conditions promoted good underwater visibility (1 0 - 20m in the horizontal 

plane). 

Each turtle was transported between the boat and the Sargassum mat (- 30 m) by 

a swimmer, holding the turtle just above the water surface. Both species were released at 

the same time, approximately 5-10 em from the mat's edge (Fig. 4). All turtles were 

released in a sideways position relative to the mat (with open water to one side, flotsam 

on the other). Swimmers noted each turtle ' s habitat choice and behavior after release. 

The turtles either remained motionless where they were released, swam away from the 

mat, or swam toward and crawled upon the mat. Observers also noted where turtles that 

crawled on the mat resided when they stopped moving (on the mat surface, or within the 

mat itself). 

After each trial(- 5 min), swimmers recaptured each turtle, returned it to the boat 

and reported how they behaved to a third observer on board, who recorded the 

information as field notes. Used animals were stored in a shaded container and each 

swimmer was given a new turtle (one of each species) to test. Each swimmer released an 

equal number of green turtles and loggerheads, alternating species during consecutive 

trials. Swimmers were always on opposite sides of the Sargassum mat, but for each trial 

they rotated their position so that equal numbers of turtles were released from different 
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locations around the periphery of the mat. No turtle was used in more than one trial. 

After all of the turtles had been tested, they were released. 

VI. Statistics 

To determine how long and when the turtles were active in the tanks, I noted 

changes in the proportion of active and inactive turtles over time. Changes were 

analyzed using Chi-square tests, corrected for continuity (Zar, 1999). I measured habitat 

preferences ofthe exposed turtles (days 1-3) by where they resided. These data were 

compared between species to determine if there were species differences in activity and 

habitat preferences. When proportions consisted of less than 5 observations, I used 

Fisher Exact tests (Zar, 1999). A null hypothesis of no difference between the variables 

was rejected when p :::;0.05. 

To determine whether prior exposure to Sargassum had an effect on habitat 

choice, I compared the distribution of the exposed and unexposed turtles on day 5, again 

using Chi-square tests. Comparisons between the unexposed and exposed turtles were 

used to determine if experience modified habitat preferences with each species. 

The field data were analyzed by recording the number of turtles that swam away, 

remained motionless in open water where they were released or swam to the mat and 

crawled upon its surface. Proportions were compared within species using binomial tests 

and between species, using Chi Square tests (Zar, 1999). 
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Results 

I. Physical measurements 

The brightest area inside each tank was located down its long axis, directly under 

the fluorescent fixtures (Fig. 5). 

The green plastic "plant" material showed a peak reflectance at ~557 run (light 

green), while the Sargassum (brownish-red in color) peaked at ~582 nm (Fig. 6). 

The seawater flow rate in each tank was ~ 9 1/min, and the temperature fluctuated 

between 23-27°C (the ambient ocean temperature while the experiments were carried 

out). 

II. Activity 

Less than halfofthe loggerheads (n =55; 5 turtles from I clutch died) were active 

either during the day (morning and afternoon observations) or at night (Fig. 7, upper 

graph). Highest proportions of activity (22- 44 %) were observed during the day and the 

lowest proportions ( 4- 27 %) at night. Morning activity declined from its highest 

proportions on day I (44 %) to lower proportions on days 2 (22%) and 3 (24%). 

Afternoon activity, however, did not decline over time (Day 1, 27 %; Day 2, 3I %; Day 3, 

22%). Nocturnal activity was highest on the evening of day I (27 %), and then declined 

to identically low proportions ( 4 %) on the evenings of days 2 and 3. 

Loggerheads showed a significant decline in daytime activity between the 

morning and afternoon observations recorded on day I and day 3 (X2
= 3. 724, p = 0.05), 
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but not between days 1 and 2 (X2 = 1.35, p = 0.25) or between days 2 and 3 (X2 = 0.39, p 

= 0.53). There was also a significant decline in nocturnal activity between night 1 and 

night 2, and night 1 and night 3 (both at X2 = I 0.02, p = 0.02). 

Green turtles (n =57; 3 turtles from 1 clutch died) were also most active during 

the day (Fig. 7, lower graph). Diurnal activity declined between day 1 and 2 (X2 = 4.52, p 

= 0.03), but not between day 1 and 3 (X2 = 0.82, p = 0.35) or between day 2 and 3 (X2 = 

1.12, p = 0.29). Nocturnal activity declined between evenings 1 and 3 (X2 = 0.72, p = 

0.005) and evenings 2 and 3 (X2 = 5.48, p = 0.02), but not between evenings 1 and 2 (X2 = 

0. 34, n.s.). 

A larger proportion of the green turtles than the loggerheads were active during 

the day (Fig. 7). On day 1, pooled daytime observations (morning plus afternoon) 

indicated that green turtles were significantly more active, with 70 of 114 observations 

(61%) of green turtles active, but only 39 of 110 observations (35%) of loggerheads 

active (X2 = 14.07, p <0.001). Daytime observations could not be pooled for day 2 

because there were significant intra-species differences in activity between those 

observation periods. They were therefore analyzed separately. On day 2, green turtles and 

loggerheads showed no statistical differences in morning activity (X2 = 1.258, p = 0.262). 

Green turtles were significantly more active in the afternoon with 33 of 57 observations 

(57%) ofthe green turtles active but only 17 of 55 observations (31%) ofthe loggerheads 

active (X2 = 7.19, p =0.007). On day 3 during the daytime, green turtles (62 of 114 

observations [54%]) were again significantly more active than loggerheads (25 of 110 

observations [23%]) (X2 = 22.31, p <0.00 l ). 
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The two species showed no significant differences in the proportion of turtles 

active in the evening after dark (Fig. 7). 

III. Habitats chosen during days 1-3 

Active loggerheads and green turtles preferred open water to Sargassum (Fig. 7), 

but inactive turtles (Fig. 8) of both species behaved differently. During the day, inactive 

green turtles rested in Sargassum. Inactive loggerheads were observed resting both in 

open water and on Sargassum (Fig. 8). 

At night, inactive turtles of both species rested in both habitats (Fig. 8). Over 

three evenings, I counted 41 green turtles in open water and 114 on Sargassum; for 

loggerheads, the counts were 95 and 61 . More green turtles that loggerheads were 

observed resting in Sargassum at night (X2 = 36.1 0, p<O.OO 1 ). 

Resting loggerheads were usually in a "tuck" position, regardless of where they 

were found. Green turtles in open water rested either in a tuck position or with their limbs 

extended; when found on the mats, their limbs were extended. While loggerheads rested 

on top of the mats (and so were easily observed), some (14 - 25 %) of the green turtles 

rested within the mats and were difficult to find because they were partia11y or completely 

hidden from view (Fig. 9). 

When I approached the tank during the day to make observations, loggerheads 

resting on the mats never moved. However, green turtles resting on Sargassum, but near 

to open water, sometimes reacted differently. Some ofthese turtles (7 - 16 %) responded 

to my approach by "escaping" (a dive into open water) . 
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IV. Comparisons between the exposed and unexposed turtles (day 5) 

Unexposed loggerheads, when given choices between open water, plastic plants, 

or Sargassum on day 5, showed no significant preference for any habitat (X2 = 0.54, n.s. ; 

Fig. I 0) . When the distributions for the entire day were compared between the exposed 

and unexposed groups, there were no statistical differences (X2 = 0.67, n.s). 

Both the exposed and unexposed green turtles (Fig. I I) most often were observed 

resting in flotsam (Sargassum and plastic plants) rather than open water (unexposed 

turtles : 78 observations on flotsam and 12 observations in open water; exposed turtles: 86 

and 4). However, while the unexposed group was equally likely to rest in Sargassum (n = 

41 observations) or on plastic plants (n = 45), the exposed group was more often found 

on Sargassum (n =51) than on the plastic plants (n = 27 observations). These 

distributions differed significantly (X2 = 5.21, p < 0.025). 

Comparisons between the unexposed and exposed turtles also revealed significant 

interspecific differences. Unexposed loggerheads were equally likely to reside in 

Sargassum, open water, or on the plastic plants whereas unexposed green turtles were 

more likely to reside in flotsam than in open water (X2 = 23.51 ; p < 0.00 I). Exposed 

turtles of each species showed the same behavioral differences (X2 = 7.25, p < 0.05). 

V. Field experiments 

Three pairs of turtles were released on one day in early September, and 14 pairs 

were released on another day in late September, 2006. Sargassum mats on both days 

were 3-4m in diameter, and ~ 0.5 - I m thick. 
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Thirteen of 17 loggerheads (p = 0.02) and 11 of 17 green turtles (p = 0.09) 

crawled into the flotsam (Fig. 12). The distributions shown by each species did not differ 

statistically (Fisher Exact Test, p = 0.71 ). 

Loggerheads that crawled on the mat rested near the surface and were easily seen 

by observers. Those that remained in open water stopped swimming immediately after 

they were released, and remained near the mat. Nine of the 11 green turtles that crawled 

on the mat concealed themselves within the mat. The green turtles that stayed in open 

water swam away from the mat. 
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Discussion 

In this study, I show that loggerheads and green turtles differ in activity and in the 

habitats they select during their first 5 days of swimming. Both species are most active 

during day I; activity thereafter declines, especially in loggerheads (Figs. 7 & 8). Once 

the turtles became inactive, loggerheads are almost equally abundant in both Sargassum 

and in open water during all phases of the light-dark cycle (Fig. 8, upper graph) . Inactive 

green turtles, in contrast, are found exclusively in Sargassum during the day, with only a 

few turtles remaining in open water at night (Fig. 8, lower graph). 

Prior exposure to Sargassum had no effect on the later habitat choices of 

loggerheads (Fig. 1 0) but in green turtles, previous exposure to Sargassum significantly 

increased a preference for this habitat over plastic plants (Fig. 11 ). 

My field trials demonstrated that both species preferred to hide in flotsam rather 

than remain in open water (Fig. 12). This experiment also showed that the two species 

occupied distinct microhabitats: loggerheads prefer the surface above the mat, whereas 

green turtles prefer to hide within the mat. These differences were also observed under 

laboratory conditions (Fig. 9). 

Taken together, these results indicate that during the early stages of their 

development, both species use flotsam for shelter. At the same time, they show that the 

two species diverge in how they make habitat choices and how they use flotsam for 
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shelter. These differences probably reflect species-specific anti-predator strategies 

employed by the turtles once they migrate to open ocean habitats. 

Predators and marine turtles 

All animals must find food, shelter, and mates and in the process are exposed to 

predators. As there are rarely perfect solutions to this problem, animals instead adopt 

strategies that minimize their risks while locating resources (Dawkins and Krebs, 1979). 

These adaptations vary, depending upon the prey's defenses and locomotor capacities, as 

well as those of its potential predators. Predators also evolve adaptations to overcome 

those defenses, leading to the conclusion that predators and prey are engaged in an "arms 

race" (Dawkins and Krebs, 1979). In general, selection pressures on prey organisms are 

stronger than those on predators because prey pay a higher price for failure (death) than 

do predators (a missed meal; Dawkins and Krebs, 1979). 

Prey avoid predators by minimizing their probability of detection, by evading 

pursuit, by preventing or deflecting attack and capture, by discouraging handling, or by 

escaping once captured (Helfman et al., 1997). Which tactic (or combination oftactics) 

is used by a marine turtle depends upon its size, locomotor abilities, power and 

circumstances (Dodd, 1988 and Stancyk, 1982). In general, older/larger turtles are at less 

risk than younger/smaller turtles, and so have higher probabilities of survival (life history 

tables of Frazer, 1983, Crowder et al., 1994 and Heppell et. al., 2003). 

Only a few predators can threaten an adult marine turtle. These include larger 

tiger sharks (Galeocerdo cuvier; Heithaus, 2002, and Witzell, 1987) and white sharks 

(Carcharodon carcharias; Fergusson, 2000), and predatory marine mammals such as 

killer whales ( Orcinus orca; Caldwell, 1969). Large turtles in the water avoid predators 
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through vigilance, by outmaneuvering or swimming away from predators, by fighting 

back (biting), and by using their carapace as a "shield" (Heithaus, 2002). 

Adult females, when approaching the nesting beaches or on the beach itself, are 

also exposed to aquatic (Family Crocodylia; Ortiz eta!. , 1997) and terrestrial predators 

such as jaguars (Panthera onca; Schulz, 1975 and Chinchilla, 1997), tigers (Panthera 

tigris) and wild (Cuonjavanicus; Hendrickson, 1958) as well as domestic dogs (Canis 

lupus familiaris; Caldwell, 1959 and Hughes, 1974). Females probably minimize these 

risks by selecting distant island or continental beaches as sites, by nesting at night, and by 

limiting their exposure time on land (Mortimer, 1982). Stancyk ( 1982) concludes that the 

impact of terrestrial predators (humans excluded) on marine turtle populations is 

probably minimal. 

Juvenile and hatchling marine turtles are more vulnerable to predators because of 

their small size, relative weak swimming and diving capabilities, and limited ability to 

defend themselves. Young turtles are also at risk when they are concentrated within a 

nest and afterwards when they emerge, crawl to the surf zone, and swim offshore through 

shallow water (Carr, 1986 and Bolten, 2003 b). 

The most destructive nest predators are small mammals such as foxes (Vulpes 

spp.; Hirth and Carr, 1970), raccoons (Procyon spp.; Caldwell 1959, Hopkins et a!, . 1979 

and Talbert et al., 1980), feral cats (Feline cat us; Hirth, 1971 ), dogs (Fowler, 1978, 

Hughes, 1974 and Hirth, 1971), pigs (Sus spp.; Carr, 1956), rats (Rattus spp.; Honegger, 

1967 and Hughes, 1974), mongooses (family Herpestidae; Hughes, 1974 and Bustard, 

1972) and occasionally armadillos (Da5ypus novemcinctus; Engeman et al., 2003). 

Invertebrate nest predators include ghost crabs (Ocypode spp.), hermit crabs (Coenobita 
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spp.) and coconut crabs (Birgus spp.; Stancyk, 1982) which not only consume hatchlings, 

but also dig holes that can provide access to eggs and hatchlings for other predators and 

bacteria. Fire ants (Solenopsis invicta; Wetterer and Wood, 2005) kill embryos and pre

emergent hatchlings. 

Terrestrial predators are most likely to attack nests soon after the eggs are laid, or 

just after an emergence. These observations suggest that predators use olfactory cues left 

by the nesting females (cloacal fluid; Stancyk, 1982 and Eckrich and Owens, 1995), or 

chemical stimuli from dead or decomposing eggs and hatchlings that expose the nest after 

an emergence occurs (Hopkins et al. 1979, Bustard, 1972, Fowler, 1978 and Stancky, 

1982). 

Females minimize the impact of nest predators by depositing several clutches at 

intervals (9-17 d, depending upon species) and by placing each nest at a different place 

on the same beach, or on different beaches. Both adaptations make it less likely that 

predators will find all of the nests. Nests concentrated at hatcheries experience higher 

levels of predation than in situ nests, as predators may learn to associate that area with a 

constant supply of prey (Hopkins et al. 1979, Stancyk, 1982 and Wyneken and Salmon 

1997). 

An alternative strategy is shown by Olive (Lepidochelys olivacea) and Kemp's 

ridley (Lepidochelys kempi) sea turtles that concentrate nests in space at an arribada; less 

frequently, they space-out nests at different beaches. Eckrich and Owens (1995) found 

that proportionally more solitary Olive ridley nests were preyed upon than arribada 

nests. The combined odor of first night arribada nests may make it more difficult for 

predators to detect any given nest. Although more predators are attracted to arribada 
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nesting sites, more eggs are laid than the predators can consume, and over a season that is 

too short to provide a stable, sustained source of food . These findings provide support 

for the predator satiation or swamping hypothesis (Eckrich and Owens, 1995). 

Even if the nest survives, the hatchlings that emerge risk detection by a similar 

array of mammalian predators and also from predatory birds, particularly vultures (family 

Vulturidae), frigate birds (Fregata spp), gulls (family Laridae), and crows (family 

Corvidae; Stancyk, 1982). Individual risk is probably minimized by crawling away from 

the nest site en masse. Since most avian predators are diurnally active, hatchlings avoid 

them by emerging at any time of night (Stancyk, 1982 and Witherington et al. , 1990). 

However, some avian predators hunt for hatchlings at night (night heron, Nycticorax spp.; 

personal obs.) while others (black vultures, Coragyps atratus; Hughes, 1974 and 

Mrosovsky, 1971) can locate small turtles on moonlit evenings. Nocturnal emergence 

also avoids exposure to lethally high sand temperatures that occur during the day, and 

that also inhibit locomotion (Mrosovsky, 1968). 

In some species (e.g., the Australian flatback, Natator depressus), hatchlings 

reduce their risks by being too large for many predators (such as crabs) to handle 

(Bustard, 1972, 1979). Flat back hatchlings are 1. 8 - 3. 0 times larger than the hatchlings 

of other chelondid (hard-shelled) species (Walker and Parmenter, 1990). 

Once hatchlings enter the sea, they are exposed to many near-shore, aquatic 

predators (Hendrickson, 1958, Carr and Ogren, 1960, Bustard, 1979, Stancyk, 1982, 

Gyuris, 1994a, Wyneken and Salmon, 1997, and Wyneken, 2002). Marine predators may 

include nurse sharks (Ginglymostoma cirratum.), lemon sharks (Negaprion brevirostris), 

bull sharks (Carcharhinus leucas), reef sharks (Carcharhinu spp.) or other predatory fish, 
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such as barracuda (Sphyraena spp.), snook (family Centropomidae), jacks (family 

Carangidae), tarpon (Megalops at/anticus), snappers (Lutjanus sp), and squid 

(Dorytheuthis plei and Sepioteuthis sepeoidae). Other fish species can handle and 

consume hatchlings, but have not been confirmed as their predators (Wyneken and 

Salmon, 1997). 

Actual predation rates on hatchlings shortly after then enter the sea varies, 

probably as a consequence of predator concentration at local habitats (Lim pus, 1978 and 

Mortimer, 1982). Predation rates on loggerhead hatchlings are relatively low(- 5%) 

along the southeast and southwest coasts of Florida, U.S.A (Witherington and Salmon, 

1992, Stewart and Wyneken, 2004, and Whelan and Wyneken, 2007). The shallow water 

habitat at these locations is either open sand, or a narrow and typically scattered reef that 

provides cover for only a few potential fish predators. When hatchlings enter tropical 

waters where reefs are extensively developed, predation rates are much higher (up to 85% 

on green turtle hatchlings; Gyuris, 1994a). 

Once hatchlings reach deeper water, they are less likely to be detected by benthic 

predators unless the fish forage higher in the water column. Predation rates on hatchlings 

also are lower during high tide (Gyuris, 1994b) as predatory fish would have to venture 

further from the relative safety of the reef(thus risking detection by their own predators) 

to prey upon hatchlings that swim near the surface. 

Hatchlings can also minimize their risk of exposure to near-shore predators by 

emerging and swimming offshore at any time of night, by entering the sea as groups of 

siblings, and by exiting the beach from different nest locations on a given beach. 

Hatchlings of most species also swim across shallow water using their most rapid mode 
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of locomotion ("power-stroking"; Wyneken, I997). Thus, they negotiate the most 

dangerous portion of their offshore migration as quickly as possible. 

Offshore migration 

Hatchling marine turtles often swim rapidly away from shore in a period of 

hyperactive swimming (the "frenzy"; Carr, I962). However, recent studies show that 

hatchlings vary how they migrate offshore, and in how they behave once they reach 

deeper water (Chen et al., 200 I, Witherington, 2002 and Wyneken et al., 2007). This 

variation is correlated with differences in ecology, and results in unique adaptations that 

affect life history traits (clutch size, hatchling morphology) as well as behavior. 

Under laboratory conditions, Florida loggerheads, leatherbacks and green turtles 

swim almost continuously for a 24-36 h frenzy period (Wyneken and Salmon, I992 and 

Witherington, I994). In all three species, the frenzy is followed by a "post-frenzy" 

period, characterized by continued high levels of diurnal activity but a decline in 

nocturnal activity (Wyneken and Salmon, I992). By the time loggerheads, green turtles, 

and leatherbacks show post-frenzy activity, they are in deep water. The change in their 

activity pattern may reflect a change in their behavior between a shallow-water escape to 

a deep water search for oceanic currents suitable for transport (green turtles: Witham, 

I991 and Wyneken and Salmon, I992) or for protection (flotsam for loggerheads; 

Witherington, 2002). 

Hawksbill hatchlings (Eretmochelys imbricate) departing from Gulisaan Island, 

Malaysia, show a different pattern of activity (Chen et al., 200 I). These turtles emerge at 

night but during their first 24 h of swimming in tanks, the turtles are active for only - 2 h 

at night and for- 4 h the following day. They also frequently shift between power-
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stroking and slower (rear-flipper kicking; dog paddling) gaits. Swimming occurs in brief 

bouts, interrupted by longer periods of inactivity. After the first day of swimming, 

hawksbills become inactive at night (Chen et al., 2001 ). 

Hawksbills typically nest on tropical islands surrounded by coral reefs 

(Hendrickson, 1980 and Witzell, 1983) that provide habitat for many predaceous reef 

fishes. These turtles also produce some of the largest clutches and the smallest hatchlings 

ofthe marine turtles (Van Buskirk and Crowder, 1994). Chen et al. (2001) showed that 

swimming speeds of hatchling hawksbills, even when power-stroking, are slow because 

their fore-flippers are proportionally smaller in surface area than those of other marine 

turtles. Taken together, these facts suggest that hawksbill hatchlings escape from 

shallow, predator-rich habitats by minimizing movement and mimicking inanimate 

objects (debris such as leaves) floating on the surface. They may rely instead on tidal or 

wind-generated currents for transport through shallow reef habitats. It is also likely that 

many are lost to predators, selecting for adults that invest in relatively "inexpensive", 

small hatchlings (Chen et al., 2001 ). 

Austrailan flatback hatchlings (Natator depressus) also differ in their migratory 

behavior from other marine turtles, both ecologically and behaviorally. Hatchlings do not 

have a pelagic stage of development; instead, they remain in shallow Australian coastal 

waters where predator densities are high (Walker and Parmenter, 1990 and Musick and 

Lim pus, 1997). This difference became apparent when the remains of juvenile flatbacks, 

were found at white-bellied sea-eagle (Haliaeetus laucogaster) feeding stations by nests, 

trees, and on open ground of islands along the Great Barrier Reef. These predators feed 

only in coastal waters (Walker and Parmenter, 1990). 
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Flatback hatchlings probably remain in coastal waters because food is abundant, 

and the turtles can outgrow their predators rapidly (Walker, 1994). That benefit, 

however, is coupled with an increased risk of contact with predators before larger size is 

achieved (Walker and Parmenter, 1990 and Musick and Limpus, 1997). Flatbacks 

minimize those risks by producing very large hatchlings (Van Buskirk and Crowder, 

1994), capable of rapid locomotion. Under laboratory conditions, flatback hatchlings 

maintain high levels of locomotor activity during their first 24 h of swimming, followed 

during the next three days by only a slight ( 10-15 %) reduction in activity (Wyneken et 

al., 2007). They never become inactive at night. In addition, flatback hatchlings have a 

whitish-blue colored plastron which may make them difficult to detect by predators in the 

murkier, productive coastal waters where most nesting occurs (northern Australia). 

Recent studies also reveal that hatchling migratory behavior varies within species. 

Loggerheads nest on both the southeast and southwest coast of Florida. Laboratory 

studies indicate that hatchlings from the west coast show significantly more post-frenzy 

activity than hatchlings from the east coast (Madrak et al., 2007). West coast hatchlings 

must traverse a broader region of shallow water (the extensive continental shelf of the 

Gulf of Mexico) that is also more productive than coastal waters adjacent to Florida's 

southeast coast (and its nesting beaches). West coast hatchlings also swim farther 

offshore to locate oceanic currents that could transport them to nursery habitats. 

Chen et al., (2001) found that Malaysian green turtle hatchlings from Gulissan 

Island showed a 3d frenzy period, 2 d longer than frenzy period shown by green turtle 

hatchlings from Florida (Wyneken and Salmon, 1992). These differences are correlated 

with the much higher productivity of offshore waters adjacent to Malaysian nesting 
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beaches. These waters support a large and diverse system of reefs, with many potential 

hatchling predators. 

After the frenzy: habitat selection 

Because young turtles disperse over a huge expanse of ocean, little is known 

about either their ecology or behavior. Loggerheads are the exception, in part because as 

turtles just a few weeks old they aggregate on near-coastal Sargassum mats (that are 

concentrated at convergence zones and windrows; Carr, 1986 and Witherington, 2002), 

and as older juveniles they reside in large numbers in the eastern Atlantic, the Azores, 

adjacent to Madiera, and the Canary Islands (Bolten, 2003a, 2003b). Witherington 

(2002) investigated the ecology of pelagic neonate loggerheads in flotsam surveys off the 

Southeast coast of Florida, U.S.A. He visually scanned the surface and mats for turtles, 

but did not search inside the mats. He concluded that green turtle hatchlings either did 

not utilize Sargassum or were better able to conceal themselves and escape detection. 

Given my results (that green turtles "hide" within the mats; Fig. 9), it is likely that the 

green turtles escaped detection. 

I released green turtles at the edge of a Sargassum mat so that their behavior 

could be observed directly. The majority of the turtles swam toward and entered the mat 

(Fig. 12). Even under those advantageous circumstances (observers in the water adjacent 

to the released turtle; entry point into mat observed), it was difficult to determine their 

exact location because many ofthe turtles immediately hid within the mat (Fig. 9). 

In an ongoing study in the eastern Gulf of Mexico, Witherington (2006) found 

larger juvenile (15 - 25 em in carapace length) pelagic-stage Kemp's ridley, hawksbill, 

and green turtles resting on the mat surface. These turtles were probably too large to be 
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either handled or consumed by aerial predators. When approached by a boat, the green 

turtles on top the mats escaped immediate capture by diving. These observations suggest 

that as green turtles increase in size, they shift location from within to on top of the mats. 

This change is probably adaptive even if aerial predators are no longer a threat because 

the turtles must continue to avoid shark and teleost predators. 

No one knows how long any species of marine turtle uses flotsam to avoid 

detection by predators. However, loggerheads found in the eastern Atlantic eventually 

abandon Sargassum mats altogether, and float at the surface in open water (Bjorndal et al. 

2000, Bolten, 2003a, 2003b). At this stage of development, loggerheads develop lateral 

and dorsal spines on the carapace that might effectively deter many of their aquatic 

predators (Wyneken, 1994). 

Wyneken and Salmon ( 1992) concluded that loggerhead and green turtles 

hatchlings were diurnally active. However, almost half of the green turtles, and the 

majority of loggerheads in my study became diurnally inactive within 2 days after they 

were placed in water (Fig. 8). By day 5, when the habitat choices of the exposed and 

unexposed turtles were compared, nearly 90% of the turtles of both species were 

diurnally inactive. These differences were probably the result of the conditions under 

which activity was measured. Wyneken and Salmon measured activity in empty pools, 

while I measured activity in tanks provided with flotsam. These results suggest that 

diurnal hatchling activity by both species reflects a search for suitable cover. When that 

habitat (in the form of flotsam) is found, diurnal activity is inhibited (Fig. 8). 

These results are consistent with those obtained in studies on other migratory 

animals (such as birds and insects; Gwinner and Czeschlik, 1978, Berthold, 1993 and 
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Dingle, 1996). Migratory activity is curtailed when organisms are presented with 

resources that support growth and maintenance, and lengthened in the absence of those 

resources. 

Pelagic stage loggerhead and green turtles are visual predators that forage during 

the day (Dalton, 1979 and pers. obs). However, small turtles must balance the risks of 

daytime foraging against those of detection by diurnal fish predators from below (that 

also forage under flotsam; Witham, 1988), and avian predators from above (Carr and 

Meylan, 1980). Hunting for food within a Sargassum mat should decrease the 

probability of detection during the day by both categories of predators. Inactivity at night 

has two advantages: energy conservation and reduced detection probabilities by nocturnal 

predators (Meddis, 1975). Nocturnal inactivity may also be advantageous because it 

allows turtles to remain near or within favorable locations, (the mats; convergence zones 

where food supplies are higher), once they are found. 

Differences between the species 

While my study suggests that both loggerheads and green turtles hide in 

Sargassum mats, the two species exploit different microhabitats within the mats (Fig. 9). 

They may also differ in their anti-predator and feeding strategies. 

Field observations suggest that loggerheads are "float and wait" predators, 

showing minimal movement while they forage (Witherington, 2002). They may couple 

this tactic by moving small distances at brief and temporally spaced intervals so that 

eventually they search the entire mat for prey. Detailed observations on the behavior of 

individuals within and adjacent to the mats are needed to test this hypothesis. 
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Crypsis (blending in with the background) shown by loggerheads is a common 

anti-predator strategy. Many organisms combine crypsis with behavioral adaptations to 

escape detection (Edmunds, 1974 and Feder and Lauder, 1986). Catocala moths 

(Lepidoptera: Noctuidae), grasshoppers (Orthoptera: Acrididae), the Tawny frogmouth 

bird (Podargus strigoides), the dead-leaf mantis (Derop/atys dessicata), and flying 

geckos (Ptychozoom kuhli) are just a few examples of animals that resemble vegetation, 

and are therefore difficult for predators (and sometimes prey) to detect (Edmunds, 1974). 

Flatfish (Pleuronectiformes) and cuttlefish (Sepiida) resemble sand or gravel to escape 

detection from their predators or prey (Helfman eta!., 1997). Similarly, Sargassum 

frogfish (Histrio histrio) has projections that "isually mimic algal fronds and break up its 

outline (Hacker and Madin, 1991 and Hutchinson, 2004 ). 

Unfortunately, there are no data that show whether loggerhead crypticity (and 

inactivity) improves their survival. It could be argued that loggerhead crypticity is 

rudimentary, at least compared to organisms that are endemic during part or all of their 

life history to the Sargassum community (e.g., Sargassum crabs (Portunus sayi), shrimp 

(Latreutes fucorum) and Sargassum frogfish (Histrio histrio) . However, adaptations do 

not have to be "perfect" to bestow survival advantages (Krebs and Davies, 1997), and 

human perception may not be a reliable guide to predator perception. Crypsis only has to 

be sufficient to make other prey item more profitable (Krebs and Davies, 1997). Also, 

when estimating the relative advantages of crypticity, one should not neglect the 

possibility that its form may have evolved as a compromise for hiding in different 

habitats (Merilaita eta!., 2001 ). In the case ofloggerheads, those habitats might be both 

open water and Sargassum. Loggerheads (and other marine turtles) also must retain a 
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sufficiently streamline body shape to move efficiently between mats and toward 

favorable current systems for oceanic transport (Lohmann and Lohmann, 1994 ). 

Loggerhead hatchlings are actually polymorphic, with hatchlings ranging 

naturally in color from light brown to almost black (Dodd, 1988). Sargassum and other 

floating vegetation in the open ocean also naturally vary in color. Variation in color 

might therefore be advantageous for two reasons: assuring that some individuals will 

match what ever flotsam they encounter, and reducing the probability that potential 

predators might form effective search images. Blue jays (Cyanocilla cristata) searching 

for catocala moths on various tree trunk backgrounds quickly learned to recognize prey 

of one color morph (Pietrewicz and Kamil, 1981 ). However, it took blue jays longer to 

find and attack moths that varied in color and matched several backgrounds. Birds, 

which often develop search images to detect their prey (Edmunds, 1974) are common 

predators on hatchlings in the open ocean (Stancyk, 1982). It might be advantageous for 

small turtles to increase their "rarity" by looking different. 

Unfortunately, almost nothing is known about the behavior of pelagic-stage green 

turtles on Sargassum. Young (2-1 0 week old) green turtles, released in the open ocean 

and observed for 30 minute periods, swam continuously while performing U-shaped 

dives to depths ofbetween 3-7m (Salmon et al., 2004). Consecutive dives were 

interrupted by a rapid ascent to the surface, a brief ( 5 - 10 s) bout of breathing, followed 

immediately by a rapid descent to depth; once there, swimming speeds immediately 

decreased. This behavior was consistent with the hypothesis that in open water and near 

the surface, the turtles are vulnerable to aerial predators. They behave in ways that 

minimize this period of exposure. Hiding in flotsam should reduce those risks. 
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Green turtles, even when hiding in flotsam, were always more active than 

loggerheads (Fig. 7); occasionally, when I approached the tank, they escaped from the 

mat and dove into open water. Loggerheads, in contrast, remained immobile. These 

observations suggest that green turtles show different anti-predator adaptations from 

loggerheads, both through "hiding" and as stronger, more maneuverable swimmers 

(Wyneken, 1997 and Salmon et al., 2004). A tendency to leave the mat might be 

beneficial when predators from above approach closely (Witherington, 2006), or when 

the turtles detect prey beneath the mat. Small green turtles are known to feed 

opportunistically in open water on ctenophores and jellyfish (Hughes, 1974 and Frick, 

1976), as well as gelatinous eggs floating near the ocean surface (Salmon et al., 1994). 

They might very well risk briefly leaving the cover provided by Sargassum to forage in 

open water. 

Juvenile green turtles are counter-shaded (Mellgren, 2003 and Musick and 

Limpus, 1997), a pattern of coloration commonly used by mobile pelagic organisms to 

minimize detection (by prey or predators) in open water (McFall-Ngai, 1990). The dark 

carapace of juvenile green turtles may also have other functions. One suggestion is that 

young green turtles bask, which may increase both their ability to assimilate food and 

their growth rate (Bustard, 1970). My observations, which suggest that small green 

turtles hide within the mat, make it unlikely that their carapace is directly exposed to 

solar radiation (as are loggerhead when resting on top of the mat). However, even turtles 

within the mat might be bathed in water that is trapped in the mat, and heated to 

temperatures several degrees warmer than surface water outside the mat (exposed to 
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wind-induced circulation). While surveying the turtles in the field for this present study, 

I noted the increased water temperature within the mats. 

Taken together, then, these observations suggest that small pelagic-stage green 

turtles may (like loggerheads of the same size) feed within the mats (and so have stomach 

contents that include Sargassum and its fauna; Richardson and McGillvary, 1991 and 

Witherington, 2002), but also (unlike loggerheads) occasionally risk brief, shallow dives 

below the mat to search for prey located in the water column. But green turtles are not 

cryptically colored and on the surface of the mat, may be easy for an aerial predator to 

detect. Hiding within the mat, as I observed, should reduce that possibility. I hypothesize 

that small, pelagic-stage green turtles reduce encounters with predators through three 

adaptations: anachoresis (Edmunds, 1974) or hiding within the mat, diving when danger 

approaches (Witherington, 2006), and counter-shading to reduce detection when foraging 

in open water (or searching for flotsam). 

Prior exposure to Sargassum did not modify the habitat choices of loggerheads, 

whereas experienced green turtles were more likely to hide in Sargassum than the novel 

plastic plants. If loggerheads are indeed as safe in open water or Sargassum (as indicated 

by their nearly equal distribution among the habitat types), there would be no selective 

advantage to a capacity to discriminate between them, particularly if Sargassum is 

nearby. For loggerheads, flotsam may be advantageous primarily for its concentrated 

food supply, and secondarily as a hiding place. 

Because green turtles are not cryptically colored when hiding in flotsam, there 

may be benefits to hiding in mats that conceal them more effectively than those that do 

not. The broader fronds and thick floats of Sargassum contrasted in my study with the 
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more filamentous projections of the plastic plants. Green turtles might be sensitive to 

those differences, as well as to differences in color between varieties of flotsam that they 

naturally encounter at convergence zones. Alternatively, green turtles might also be 

predisposed to remain in flotsam because it presents chemical cues (from epibionts and 

other organisms remaining within the mat, or from the Sargassum itself). The matter 

remains to be determined through future studies. Regardless of the mechanisms 

involved, my data show clearly that prior exposure to Sargassum enhances the attraction 

of green turtles to this habitat (Fig. 11 ), whereas no such effect is apparent in loggerheads 

(Fig. 1 0). 

These results contrast with those obtained in another study (Mellgren et al., 2003), 

where habitat preferences were also studied experimentally. The tests were done in two 

large outdoor, seawater-filled tanks. Juvenile loggerhead and hawksbill turtles 

congregated in flotsam (either Sargassum or plastic plants) whereas green turtles, tested 

during the day, remained in "open water". At night, however, the green turtles were 

inactive and as was the case in my study, hid in Sargassum. 

Several differences in experimental design may account for why green turtles 

avoided flotsam in that study. Most ofthe green turtles were older (6-28 d, post 

emergence), and observations on their habitat preferences were made for only short 

periods (15-30 minutes) after they were introduced into the tank. Some of the turtles 

were used in several experiments, raising the possibility that differences in their response 

might have been a consequence of previous handling and/or exposure. Perhaps most 

critical, the light distribution inside each tank was uneven; green turtles in pools are 
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strongly attracted to brighter areas (Carr and Ogren, 1960). This attraction may have 

interfered or competed with their preference for flotsam. 

In my experiment, I tested turtles of known and identical age and left them 

undisturbed for several days. Both exposed and unexposed subjects were otherwise 

treated identically, and tested under better controlled conditions (of lighting, temperature, 

tank size, shape and color of flotsam). I also completed a field experiment to determine 

whether my laboratory results were plausible. 

Much more remains to be learned about the ecological requirements and 

behavioral differences among young, pelagic-phase marine turtles. As this study 

demonstrates, controlled experiments done in both a laboratory and field setting may 

provide useful insights into how young turtles select habitats, avoid predators, and differ 

in their niche preferences. 

33 



Literature Cited 

Berthold, P., 1993. Bird Migration: A General Survey. Oxford University Press, Oxford. 
239 pp. 

Bjomdal, K.A., 1997. Foraging Ecology and Nutrition of Sea Turtles. In: Lutz, P.L. and 
J.A. Musick (Eds.), The Biology of Sea Turtles. CRC Press, Boca Raton, Florida, 
U.S.A., pp. 199-231 

Bjomdal, K.A., A.B. Bolten, Martins, H.R., 2000. Somatic growth model of juvenile 
loggerhead sea turtles Caretta caretta: duration of pelagic stage. Mar. Ecol.: Pro g. Ser. 
202, pp. 265-272 

Bolten, A. B., 2003a. Variation in Sea Turtle Life History Patterns: Neritic vs. Oceanic 
Developmental Stages. In: Lutz, P.L., Musick, J.A., Wyneken, J. (Eds.), The Biology of 
Sea Turtles. CRC Press, Boca Raton, Florida, U.S.A., pp. 243-257. 

Bolten, A.B., 2003b. Active Swimmers -Passive Drifters: The Oceanic Juvenile Stage of 
Loggerheads in the Atlantic System. In: Bolten, A.B., Witherington, B.E. (Eds), 
Loggerhead Sea Turtles. Smithsonian Books, Washington D.C., pp. 63-78. 

Bolten, A. B., Bjomdal, K. A., Martins, H. M., Dellinger, T., Biscoito, M. J., Encalada, S. 
E., Bowen, B. W., 1998. Transatlantic developmental migrations of loggerhead sea turtles 
demonstrated by mtDNA sequence analysis. Ecol. App. 8, pp. 1-7. 

Bowen, B.W., Bass, A.L., Soares, L., Toonen, R.J., 2005 . Conservation implications of 
complex population structure: Lessons from the loggerhead turtle (Caretta caretta). 
Molec. Ecol. 14, pp. 2389-2402. 

Brongersma, L.D., 1971. Ocean records ofturtles (North America). IUCN-The world 
Conservation Union Publication (new series), suppl paper no 31, pp. 103-108. 

Bustard, H.R., 1970. The adaptive significance of coloration in hatchling green sea 
turtles. Herpetologica 26, pp. 224-227. 

Bustard, H.R. 1972. Australian sea turtles, their natural history and conservation. 
London, Collins. 

34 



Bustard, H.R., 1979. Population dynamics of sea turtles. In: Harless, M., Morlock, H. 
(Eds). Turtles: Perspectives and Research. Wiley and Sons, pp. 247-265 

Caldwell, D.K., 1959. The loggerhead turtles of Cape Romain, South Carolina. Bull. of 
the Florida State Mus. 4, pp. 319-348. 

Caldwell, D.K., 1969. Hatchling green seat turtles, Chelonia mydas at sea in the 
northeastern Pacific Ocean. Bulletin of Southern California Academic Science. 68, 113. 

Carr, A. F., 1956. The Windward Road. Alfred Knopf Inc., New York. 

Carr, A.F., 1962. Orientation problems in the high seas travel and terrestrial movements 
of marine turtles. Am. Sci. 50, pp. 359-374. 

Carr, A.F. 1986. Rips, FADs, and little loggerheads. BioScience. 36, pp. 78-86. 

Carr, A., 1987. New perspectives on the pelagic stage of sea turtle development. Conserv. 
Bioi. 1 (2) pp. 1-22. 

Carr, A., Meylan, A.B., 1980. Evidence of passive migration of green turtle hatchlings in 
Sargassum, Copeia, 2, 366-368. 

Carr, A.F. , and L. Ogren. 1960. The ecology and migration of sea turtles. 4. The green 
turtle in the Caribbean Sea. Amer. Mus. ofNat. Hist. Bull. 121, pp. 1-48. 

Chen, C.F., 2001. Frenzy and postfrenzy of hawks bill hatchlings (Eretmochelys 
imbricate L). I. Quantitative analysis of activity, with comparisons to green turtles 
(Chelonia mydas L). Masters thesis. Institute of Biodiversity and Environmental 
Conservation, University of Malaysia, Sarawak. 

Chinchilla, F.A., 1997. La dieta del jaguar (Pant hera onca), el puma (Felis 
concolor) y el manigordo (Felis paradalis) (Carnivora: Felidae) en el Parque 
Nacional Corcovado, Costa Rica. Revista de Biologia Tropical. 45, pp. 1223-
1229. 

Crowder, L.B., Crouse, D.T., Heppell, S.S., Martin, T.I-1. , 1994. Predicting the 
impact of turtle excluder devices on loggerhead sea turtle populations. Ecol. App. 
4, pp. 437-445. 

Dalton, S., 1979. Temporal patterns of locomotor activity in hatchling sea turtles. Ph.D. 
dissettation. University of Florida, Gainesville, Florida, U.S.A. 

Dawkins, R., Krebs, J.R. , 1979. Arms races between and within species. Proceedings of 
the Royal Society of London, B. 205 , pp. 489-5 I I. 

35 



Dingle, H., 1996. Migration: The Biology of Life on the Move. Oxford University Press, 
New York, New York, 474 pp. 

Dodd, C. K., Jr., 1988. Synopsis of the biological data on the loggerhead sea turtle 
Caretta caretta (Linnaeus 1758). U.S. Fish and Wildlife Service, Bioi. Rep. 88(14), 110 
pp. 

Eckrich, C.E. and D.W. Owens, 1995 . Solitary versus arribada nesting in the olive ridley 
sea turtles (Lepidochelys olivacea): A test of the predator-satiation hypothesis. 
Herpetologica. 51, pp. 349-354. 

Edmunds, E., 1974. Defense in Animals: A Survey of anti-predator defenses. Longman 
Group Limited, Essex, England. 

Engeman R.M., Martin E.R. , Constantin, B. , Noel , R. , Woolard, J., 2003. Monitoring 
predators to optimize their management for marine turtle nest protection. Bioi. Conserv. 
113(2), pp. 171-178. 

Feder, M.E, and G.V. Lauder, 1986. Predatory-Prey Relationships: Perspective and 
Approaches from the study of Lower Vertebrates. The University of Chicago Press, 
Chicago. 

Fergusson, I.K., Compagno, L.J.V., M.A. Marks, 2000. Predation by white sharks 
Carcharodon carcharias (Chondrichthyes: Lamnidae) upon chelonians, with new records 
from the Mediterranean Sea and the first record of the ocean sunfish Mol a mol a 
(Osteichthyes: Molidae) as stomach contents. Environ. Bioi. of Fishes. 58, pp. 447-453. 

Fowler, L.E., 1978. Hatchling success and nest predation in the green sea turtle, Chelonia 
mydas, at Tortuguero, Costa Rica. Masters thesis, University of Florida, Gainesville, 
Florida, U.S.A. 

Frazer, N.B., 1983. Survivorship of adult female loggerhead sea turtles, Caretta caretta, 
nesting on Little Cumberland Island, Georgia, U.S.A. Herpetologica. 39, pp. 436-447. 

Frick, J., 1976. Orientation and behavior of hatchling green turtles (Chelonia mydas) in 
the sea. Anim. Behav. 24, pp. 849-857. 

Granda, A.M. 1979. Eyes and their sensitivity to light of differing wavelengths. In: 
Harless, M., Morlock, H. (Eds), Turtles: Perspectives and Research. Wiley and Sons, pp. 
247-265 

Gwinner, E., Czeschlik D. , 1978. On the significance of spring migratory restlessness in 
caged birds. Oikos. 30, pp. 364-372. 

Gyuris, E. 1994a. The rate of predation by fi shes on hatchlings of the green turtle 
(Chelonia mydas) . Coral Reefs. 13, pp. 137-144. 

36 



Gyuris, E. 1994b. Insights into the ecology of hatchlings of the green turtle, Chelonia 
mydas: Implications for the life histories of marine turtles. Ph.D. dissertation, James 
Cook University of North Queensland, Australia. 

Hacker, S.D. and L.P. Madin. 1991. Why habitat architecture and color are important to 
shrimps living in pelagic Sargassum: use of camouflage and plant-part mimicry. Mar. 
Eco.Prog. Ser. 70,pp. 143-155. 

Heithaus, M.R., Frid, A., Dill,L.M., 2002. Shark-inflicted injury frequencies, escape 
ability, and habitat use of green and loggerhead turtles. Mar. Bio. 140, pp. 229-236. 

Helfman, G.S, Collette, B.B, Facey, D.E., 1997. Fishes as Predators and Fishes as Prey. 
In: Diversity of Fishes. Blackwell Science, pp. 321-347. 

Hendrickson, J.R. 1958. The green sea turtle Chelonia mydas (L.) in Malaya and 
Sarawak. Proc. Zoo. Soc. Lond. 130, pp. 455-536. 

Hendrickson, J.R., 1980. The Ecological Strategies of Sea Turtles. Amer. Zoo!. 20, pp. 
597-608. 

Heppell, S.S., Crowder, L.B. , Crouse, D.T., Epperly, S.P., Frazer, N.B., 2003 . Population 
Models for Atlantic Loggerheads: Past, Present, and Future. In: Bolten, A.B. , 
Witherington, B.E. (Eds), Loggerhead Sea Turtles. Smithsonian Books, Washington 
D.C., pp 255-273. 

Hirth, H.F., and A.F. Carr, 1970. The green turtle in the Gulf of Aden and the Seychelles 
Islands. Verb. K. Ned. Akad. Wet. 58, pp. 1-44. 

Hirth, H.F., 1971. Synopsis of biological data on the green turtle Chelonia mydas 
(Linnaeus) 1758. F.A.O. Fisheries Synopsis. 85, 1-76. 

Honegger, R., 1967. The green turtle (Chelonia mydas japonica) in the Seychelles 
Islands. Brit. J. of Herpetol. 4, pp. 8-11. 

Hopkins, S.R., Murphy, T.M. Jr., Stansell, K.B., P.M. Wilkinson, 1979. Biotic and 
abiotic factors affecting nest mortality in the Atlantic loggerhead turtle. Proceedings of 
the 32nd Annual Conference of the South East Association of Fish and Wildlife Agencies. 
32, pp. 213-23. 

Hughes, G.R., 1974. The sea turtles of South East Africa. II. The biology of the 
Tongaland loggerhead turtle Caretta caretta L. with comments on the leatherback turtle 
Dermochelys coriacea L. and the green turtle Chelonia mydas L. in the study region. 
South African Association of Marine Biology Research Investigational Report. 36, pp. 1-
96. 

37 



Hutchinson, K. A., 2004. Prey selectivity of the fishes Stephanolepis hispidus and His trio 
histrio on the Sargassum shrimps Latreutes fucorum and Leander tenuicornis. Masters 
Thesis, Florida Atlantic University, Boca Raton, Florida, U.S.A. 

Krebs, J.R., Davies, N.B., 1997. Behavioral Ecology: An Evolutionary Approach. 41
h ed. 

Oxford, Blackwell. 

Limpus, C.J., 1978. The reef. In: Lavery, H.J. (Ed). Exploration north. Richmond Hill 
Press, pp. 187-222. 

Lohrnmm K.J. and C.M.F.Lohrnann. 1994. Detection of magnetic inclination angle by 
sea turtles: A possible mechanism for determining latitude. J. of Exp. Bioi., 194, pp. 23-
32. 

Madrak, S., Wyneken, J. Salmon, M., Foote, J. and S. Hoffman, 2007. Migratory 
behavior of hatchling sea turtles: Evidence for population-specific divergence in the 
loggerhead (Caretta carelta L.). Proceedings of the Twenty Seventh Annual Symposium 
on Sea Turtle Biology and Conservation, Myrtle Beach, South Carolina, U.S.A. (in 
press). 

McFall-Ngai, M.J., 1990. Cypsis in the pelagic environment. Amer. Zool. 30, pp. 175-
188. 

Meddis, R., 1975. On the function of sleep. Anim. Behav. 23, pp. 676-691. 

Mellgren, R.L., Mann, M. M., Bushong, M. E., Harkins, S.R., Keathley, V. L., 2003. 
Habitat Selection and antipredator behavior in three species of hatchling sea turtles. 
Intern. J. Camp. Psychol. 16, pp. 156-171. 

Merilaita,S., Lyytinen, A., Mappes, J., 2001. Selection for cryptic coloration in a visually 
heterogeneous habitat. Proc. R. Cox. Lon d. B. 268, pp. 1926-1929. 

Mortimer, J.A., 1982. Factors influencing beach selection by nesting sea turtles. In: 
Bjomdal, K.A. (Ed). Biology and conservation of sea turtles. Smithsonian Institution, pp 
45-52. 

Mrosovsky, N., 1968. Nocturnal emergence of hatchling sea turtles: control by thermal 
inhibition of activity. Nature. 220, p. 1339. 

Mrosovsky, N., 1971. Black vultures attack live turtle hatchlings. The Auk. 88, pp. 672-
673. 

Musick, J.A. & Limpus, C.J., 1997. Habitat utilization and migration in juvenile sea 
turtles. In: Lutz, P.L., Musick, J.A. (Eds.), The Biology of Sea Turtles. CRC press, Boca 
Raton, Florida, U.S.A., pp. 137-159. 

38 



Ortiz, R.M., Plotkin, P.T., Owens, D.W., 1997. Predation upon olive ridley sea turtles 
(Lepidochelys olivacea) by the American crocodile (Crocodylus acutus) at Playa Nancite, 
Costa Rica. Chelonian Conser. Bioi. 2, pp. 585-587. 

Pietriwicz, AT., Kamil, A. C., 1981. Search images and the detection of cryptic prey: An 
operate approach. In: Kamil, A.C., Sargent, T.D. (Eds.), Foraging behavior: ecological, 
ethological, and psychological approaches. Garland STPM Press, New York, pp. 331-
331. 

Prichard, P.C.H., 1997. Evolution, phylogeny, and current status. In: Lutz, P.L., Musick, 
J.A. (Eds.), The Biology of Sea Turtles. CRC press, Boca Raton, Florida, U.S.A., pp. 1-
28. 

Richardson, J.l., McGillvary, R. 1991. Post hatchling loggerheads eat insects in 
Sargassum community. Marine Turtle Newsletter. 55, 2. 

Schulz, J.P., 1975. Sea turtles nesting in Suriname. Zoo!. Verb. (Leiden) 143, pp.1-44. 

Salmon, M., T.T. Jones and K.W. Horch. 2004. Ontogeny of diving and feeding 
behavior in juvenile sea turtles: Leatherback sea turtles (Dermochelys coriacea L.) and 
green sea turtles (Chelonia rnydas L) in the Florida Current. J. ofHerpetol. 38 (1), pp. 
36-43. 

Stancyk, S.E., 1982. Non-human predators of sea turtles and their control. In: Bjomdal, 
K.A. (Ed). Biology and conservation of sea turtles. Smithsonian Institution, Washington, 
D.C., U.S.A., pp. 19-38 

Stewart, K.R. and J. Wyneken, 2004. Predator risk to loggerhead hatchlings at a high
density nesting beach in Southeast Florida. Bull. of Mar. Sci. 74(2), pp. 325-335. 

Talbert, O.R. Jr., Stancyk, S.E, Dean, J.M.,Will, J.M., 1980. Nesting activity ofthe 
loggerhead turtle Carella carelta in South Carolina: A rookery in transition. Copeia. 7, 
pp. 709-719. 

Tiwari, M., Bjomdal, K.A., Bolten, A.B., Moumni, A., 2002. Morocco and Western 
Sahara: Sites of an early neritic stage in the life history of loggerheads? In: A. Moiser, 
A., Foley, A., Brost, B. (Compilers). Proceedings of the 201

h Annual Symposium on Sea 
Turtle Biology and Conservation, NOAA Technical Memorandum NMSF-SEFSC-477. 

Van Buskirk, J.V. and L.B. Crowder. 1994. Life history variation in marine turtles. 
Copeia, 1, pp. 66-81. 

Walker, T.A., 1994. Post-hatchling dispersal of sea turtles. In: Proceedings of the 
Australian Marine Turtle Conservation Workshop, Gold Coast 14-17, pp. 79-94. 

39 



Walker, T.A., Parmenter, C.J., 1990. Absence of a pelagic phase in the life cycle of the 
flatback turtle, Natator depressa (Garman). J. of Biogeo. 17, pp. 275-278. 

Wetterer J. K.,Wood, L.D., 2005. Distribution and impact of ants on a sea turtle nesting 
beach in Palm Beach County, Florida In: Proc. 23rd Ann. Symp. Sea Turtle Bioi. and 
Conserv. NOAA Technical Memorandum NMFS-SEFSC, pp. 351-353 

Whelan, C., Wyneken, J., 2007. Estimating predation levels and site-specific survival of 
hatchling loggerhead sea turtles (Caretta caretta) from South Florida beaches. Copeia. 
(in press). 

Witham, R. 1988. Abstract. Drifting in sargassum weed: Safe haven or increased risk 
for hatchling sea turtles? In: Schroeder B.A. (compiler) . Eighth Annual Workshop for 
Sea Turtle Conservation and Biology, Fisher Island, No. Carolina. NOAA Tech. Memo. 
NMFS-SEFC-214, 129 pp. 

Witham, R., 1991. On the ecology ofyoung sea turtles. Florida Scientist. 54,3/4. 

Witherington, B.E., 1994. Some "lost-year" turtles found. In: Schroeder, BA, 
Witherington, B.E. (compilers). Proceedings of the Thirteenth Annual Symposium on 
Sea Turtle Biology and Conservation, NOAA Technical Memorandum NMFS-SEFSC-
341. 281 pp. 

Witherington, B. E., 2002. Ecology of neonate loggerhead turtles inhabiting lines of 
downwelling near a Gulf Stream front. Mar. Bioi. 140, pp. 843-853 

Witherington, B.E., Bjorndal K.A. , McCabe, C.M., 1990. Temporal Pattern ofNocturnal 
Emergence of Loggerhead Turtle Hatchlings from Natural Nests. Copeia, 1990(4), pp. 
1165-1168. 

Witherington, B.E. and M. Salmon, 1992. Predation on loggerhead turtle hatchlings after 
entering the sea. J. of Herpetol. 26, pp. 226-228. 

Witherington, B.E., Hirama, S. , 2006. Sea turtles of the epi-pelagic Sargassum drift 
community. In: Frick, M. Panagopoulou, A., Rees, A.F, and K. Williams (compilers). 
Book of abstracts. Proceedings of the Twenty Sixth Annual Symposium on Sea Turtle 
Biology and Conservation. International Sea Turtle Society, Athens, Greece. 3 76 pp. 

Witzell, W.N., 1983. Synopsis of biological data on the hawksbill turtle, Eretmochelys 
imbricate (Linneaus, 1776). FAO Fish Synop. 137, 78. 

Witzell, W.N. , 1987. Selective predation on large cheloniid sea turtles by tiger sharks, 
Galeocerdo cuvier. Jap. J. Herpetol. 12, pp. 22-29. 

Wyneken, J. and M. Salmon, 1992. Frenzy and post frenzy swimming activity in 
loggerhead, green, and leatherback hatchling sea turtles. Copeia. 2, pp. 4 78-484. 

40 



Wyneken, J. 1994. Ontogenetic changes in sea turtle body shape: Morphological 
analyses and adaptive implications. J. ofMorph. 220(2), 143. 

Wyneken, J. 1997. Sea turtle locomation. In: Lutz, P.L. and J.A. Musick (Eds.), The 
Biology of Sea Turtles. CRC Press, Boca Raton, Florida, U.S.A., pp. 155-198. 

Wyneken, J ., Salmon, M., 1997. Assessment of reduced density open beach hatcheries 
and "spread-the-risk strategies" in managing sea turtles on Hillsboro Beach, Florida. 
Tech. Rep. 97-04, Broward County Board of commissioners, Ft. Lauderdale, Florida, 
U.S.A., 37 p. 

Wyneken, J., 2002. The migratory behavior of hatchling sea turtles beyond the beach. 
In: Pilcher, N.J., Ismail, G. (Eds), Sea turtles ofthe Indo-Pacific. ASEAN Academic 
Press, London, pp. 121-142. 

Wyneken, J., Hamann, M. Salmon, M., Schauble, C., 2007. The frenzy and postfrenzy 
activity of the flatback sea turtle (Natator depressus) from Queensland. Proceedings of 
the Twenty Seventh Annual Symposium on Sea Turtle Biology and Conservation, Myrtle 
Beach, South Carolina, U.S.A. , (in press). 

Zar, J. H., 1999. Biostatistical Analysis. Prentice Hall, Inc., Upper Saddle River, NJ, 718 
pp. 

41 



Figure 1. Tank configuration for the exposed turtles during days 1-3. In half of the 
replicates, Sargassum was located on the opposite end of the tank. Seawater entered the 
tank at each comer and drains from a center standpipe. Red marks indicate tank quarters. 



Figure 2. Behavioral states of the turtles. (A) loggerhead active (swimming) in open 
water (B) green turtle, active (crawling) in Sargassum, (C) loggerhead inactive (tucked) 
in open water, and (D) green turtle, inactive in artificial flotsam. 



Figure 3. Tank configuration for the habitat choice experiment (day 5). In half the 
replicates, the location ofthe two kinds of flotsam was reversed. 



Figure 4. Field observations were made by two swimmers (arrows), which released a 
pair of turtles (a green turtle on one side, a loggerhead on the other) near a Sargassum 
mat. 



2 

1.5 

Log 
Relative 1 
Light 
Intensity 

0.5 

Figure 5: Lighting distribution in the test tanks at 25 locations equally spaced along the 
length and depth of the tank. 
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Figure 6: Spectra of light reflected from Sargassum and green plastic plants. 
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Figure. 7. Percentages of active loggerhead and green turt les (swimming or crawling) during 
morning (M), afternoon (A), and evening (E) observations found in open water (open bars) and 
on the Sargassum mat (hatched bars). Above, loggerheads (n = 55 turtles); below, green turtles 
(n =57). Observations were made over the first three days after the hatchlings were placed inside 
a large, seawater-fi lled tank with a Sargassum mat located at one end of the tank. See text for 
details . 
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Figure. 8. Percentages of inactive loggerhead and green turtles during morning, afternoon, and 
evening observations made on days I, 2, and 3. Format, as in Fig. 7. 



Figure 9. Flotsam use in the field and in the laboratory. Inactive green turtle resting in 
Sargassum in the field (A) and in the laboratory (B). Inactive loggerhead resting in 
Sargassum in the field (C) and three loggerheads resting in artificial flotsam in the 
laboratory (D) 
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Figure 10. Proportions of loggerheads (exposed and unexposed) for different habitat 
types. Unexposed (n = 30 hatchlings from 6 nests; left) and exposed (n = 30 hatchlings 
from the same 6 nests; right) loggerheads found on Sargassum, on plastic plants and in 
open water during morning, afternoon and evening observations made on day 5. 
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Figure 11. Proportions of green turtles (exposed and unexposed) for different habitat 
types. Unexposed (n = 30 hatchlings from 6 nests; left) and exposed (n = 30 hatchlings 
from the same 6 nests; right) green turtles found in each habitat. Format, as in Fig. I 0. 
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Figure 12. Proportion ofturtles that crawled on Sargassum or remained in open water in the field 
(N = 17 for each species). Loggerheads show a significant preference (p < 0.05; binomial test) for 
Sargassum; green turtles just escaped significance ( p = 0.09). 
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