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Migratory bird and insect populations show differences in orientation direction, timing, 

and distances moved depending upon where they reside in relation to their migratory 

goals. These differences presumably occur because of selection for behavioral responses 

that promote the most efficient migratory strategies among members of each population. 

The purpose of this study was to determine whether migratory behavior in loggerhead 

hatchlings differs between populations that exit nesting beaches on the East and West 

coast of Florida. When the turtles emerge from the nests, they initially show a swimming 

"frenzy" that serves to distance individuals from shallow coastal waters, displacing them 

toward oceanic currents that are used to transport the turtles to the North Atlantic Gyre. 

On the East coast of Florida, turtles swim eastward toward the Florida Current (western 

portion of the Gulf Stream) located relatively close to the shoreline (on average, 2 km 

offshore at Miami to 33 km offshore at Melbourne Beach). On the West coast of Florida, 

turtles swim westward toward the Loop Current in the Gulf of Mexico, which is located 

farther offshore (150 km offshore at St. Petersburg to over 200 km offshore at the 
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Everglades National Park). In a previous study, we demonstrated that for East coast 

loggerheads, the frenzy consists of continuous swimming for - 24 h, followed over the 

next 5 days by postfrenzy (diurnal, with little nocturnal) swimming activity. No 

comparable data exist that characterize the frenzy period of loggerheads from the West 

coast ofFlorida. 

We used identical methods to quantify the migratory activity of hatchlings from the West 

coast of Florida. Hatchlings were captured as they emerged from nests located between 

Venice and Sarasota, Florida. They were then tethered in water-filled pools under 

laboratory conditions, where temperature and photoperiod could be controlled to 

duplicate conditions used when studying the East coast turtles. Activity was continuously 

recorded over the next six days. The data were analyzed to determine the proportion of 

time the turtles spent swimming every day, and the proportion of that swimming activity 

that occurred during the light and dark period of each day. Turtl~s from each coast 

showed no statistical difference in the proportion oftime spent swimming each day. 

However, after day 1, West coast hatchlings showed statistically lower levels of 

swimming activity during the day and statistically higher levels of swimming activity at 

night than did turtles from the East coast. We hypothesize that these differences may 

reflect a more diffuse period of active "searching" for appropriate oceanic currents by the 

West coast turtles, under conditions where greater predation pressures might select for 

more movement under conditions of darkness. Such a response may be appropriate when 

migratory goals are located at greater distances, and when turtles must migrate farther 

from the coast to reach deeper, and presumably less predator-rich, waters. 
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Chapter 1 

Introduction 

Migrating organisms may differ in location relative to migratory goals and, as a 

result, vary in the direction and/or distance they travel, and even in their frequency of 

migration. These differences presumably occur because migration has both costs and 

benefits, and different environments select for unique suites of responses (Dingle, 1996; 

Dingle and Drake, 2007; Akesson and Hedenstrom, 2007). Six of the seven species of 

marine turtles are migratory during all stages of development (Wyneken, 1997). Oceanic 

migration initially occurs when the hatchlings depart from nesting beaches for nursery 

areas and are carried by oceanic currents to "nursery" areas located hundreds or 

thousands ofkm distant (Carr, 1986, 1987). 

Hatchling sea turtles emerge from underground nests on beaches usually at night, 

and immediately crawl seaward, and swim rapidly offshore (Carr and Ogren, 1960; 

Bustard, 1972). During this phase of migration, the turtles show. continuous activity, 

known as the "frenzy" (Carr and Ogren, 1960; Carr, 1962). In a laboratory study, 

Wyneken and Salmon (1992) found that loggerhead, green turtle (Chelonia mydas), and 

leatherback (Dermochelys coriacea) hatchlings from Florida's east coast show a frenzy 

period that lasts about 24 h. Swimming activity over the next two days declines, primarily 

during the dark period, marking a transition between the frenzy and a "postfrenzy" 

period. By the end of 6 days, all species are active primarily during the day. Convergence 

among the species in both the transition between the frenzy and postfrenzy period, and 

the persistence of diurnal activity, may occur because all of the turtles originate from the 

same (southeastern Florida) beaches (Wyneken and Salmon, 1992). 
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Loggerheads (Caretta caretta L) nest on both the east and west coast of South 

Florida (Bjomdal et al. , 1983; Lebuff, 1990). Tagging studies reveal that the females on 

each coast show site fidelity. So far, no genetic differences between these populations 

have been discovered, perhaps because the two populations originated from common 

stock within the last 12,000 years (Bowen et al., 1993). Hatchlings from both rookeries 

migrate to nursery sites located in the eastern Atlantic (Azores and Madiera). But to 

reach that goal, they must initially swim different distances and orient in opposite 

directions to enter appropriate current systems for transport. These requirements suggest 

that their early migratory behavior might differ. The purpose of this study was to 

determine if such behavioral differences in hatchling belonging to these two rookeries 

exist, and to explore correlations between behavioral differences and the rookery-specific 

ecological challenges. 

In this study, I compare and contrast locomotor activity between loggerhead 

hatchlings that depart from beaches on the opposite sides of the .Florida peninsula. The 

following questions were addressed: (1) Do hatchlings from each rookery differ in their 

initial migratory behavior? (2) If differences occur, how are they correlated with the 

ecological conditions that are unique to the coastal waters adjacent to each rookery? 
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Chapter 2 

Materials and Methods 

1 Turtles.-Loggerhead hatchlings were collected during the late afternoon between July 

and October of 1986, 1991, 1992, and 2006. east coast turtles came from nests located on 

beaches between Broward and southern Brevard Counties, Florida, U.S.A. (25° 58' 49" 

N/80° 08 ' 21" W to 28° 46' 56"N/80° 47' 52" W). West coast turtles came from nests on 

beaches in Sarasota County from Longboat, Siesta, and Casey Keys, Florida, U.S.A. (27° 

23 ' 44" N/82° 38' 39" W to 27° 7' 25" N/82° 28 ' 23" W). I monitored nests each 

afternoon for several days prior to an anticipated emergence (- 55 d after the deposition 

date). When a shallow depression formed in the sand above the egg chamber (indicating 

an emergence would occur later that evening), I carefully removed 4 hatchlings from 

each nest without disturbing the remaining turtles. 

Siblings were transported together inside lightproof Styrofoam™ coolers that 

contained a shallow layer of moist sand. Coolers were left in a qark room at ambient 

temperatures (28°-30° C) until midnight, when hatchlings were individually tethered 

inside water-filled pools (see below). After testing was complete (6 days), all of the 

turtles were released in deep-water, offshore habitats using accepted procedures (FWC, 

Sea Turtle Conservation Guidelines, Section 4-3). 

H Measurement of swimming activity.-! measured activity following the Wyneken and 

Salmon (1992) procedure. Shortly before midnight, each turtle was placed in a circular, 

seawater-filled plastic pool (1.6 m diameter x 25 em deep, filled to a depth of 15 em). 

Each turtle was tethered to a horizontally-rotating lever arm apparatus that recorded 

activity (Fig. 1, A and B). Tethered hatchlings could swim in any direction, make shallow 
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dives, and surface, but could not contact either the side or bottom of the pool. When 

hatchlings swam, they pulled the arm down, completing an electronic circuit that signaled 

the recording device; when they rested, a counterweight raised the arm, breaking the 

circuit. Time spent swimming or inactive over the duration of the experiments ( 6 d) were 

stored either on computer or on chart paper of an event recorder (Esterline-Angus event 

recorder A620X, Indianapolis, Indiana). 

Turtles captured from the east coast nests were tested at either of two at the Harbor 

Branch Oceanographic Institution (Fort Pierce, Florida), or at Florida Atlantic 

University' s marine laboratory in Boca Raton, Florida. Turtles from the west coast were 

tested at the Mote Marine Laboratory in Sarasota, Florida. At each facility, the space 

contained four pools so that turtles from each nest were tested simultaneously. Turtles 

from different nests were tested sequentially as they became available during the 

summer. Air temperature in all cases was maintained between 28-30° C. Photoperiod 

either changed naturally (greenhouse, sun porch) or was suppliefl by full spectrum lights 

that were regulated by timers (in rooms lacking windows) to match seasonal changes. 

Light intensity was matched as closely as possible. 

Turtles were offered food (small Penaeid shrimp) at different times of the day, 

starting on day 3. 

IlL Data analysis.-Data were obtained from 37 east coast (10 nests) and 30 west coast 

(8 nests) turtles. I quantified (i) the total time each turtle was active each 24 h day over 6 

d, (ii) the total time active each day during light period, and (iii) the total time active each 

day during the dark period. Because day length gradually shortened during the study, 

4 



time active was converted into the proportion oftime each turtle was active during each 

24 h day or photophase, respectively. 

Proportions were grouped by period and arcsine transformed to assure normality. 

A two-way repeated-measures ANOVA (Zar, 1999) was used to compare each parameter 

between the populations. When differences were found, post-hoc Tukey tests were used 

to identify the source of variation (Zar, 1999). Differences between groups ~ 0.01 level 

of probability were considered statistically significant. 
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Chapter3 

Results 

Loggerhead hatchlings from the east and west coasts ofFiorida were continuously 

active during a 24 h frenzy period, but differed in activity during the postfrenzy period 

that followed (days 2-6). In both east and west coast hatchlings, overaU activity during 

the postfrenzy declined, especiaUy among the east coast turtles. 

When postfrenzy activity during the daylight and at night was analyzed, there 

were clear differences between the two populations. Daylight activity did not differ 

between coasts during the postfrenzy. However at night, the west coast hatchlings were 

more active than the east coast turtles. Night two was somewhat transitional with 

hatchlings swimming for portions of the night on both coasts. Nights 3-6, the west coast 

turtles were more active than their east coast counterparts. 

L Total daily Activity.-Turtles from both rookeries were most active during their first 

24 h in the water (day 1; Fig. 2). Swimming activity over the 6 ~ays by the west coast 

turtles was significantly higher than was shown by the east coast turtles (coast; Table 

1A). Activity differed among days (period; Table 1A). 

11 Diurnal activity.-Both groups of hatchlings showed their highest levels of 

swimming activity during the first daylight period (day 1 ); thereafter activity declined 

(Fig. 3, open bars; day, Table 2A). The two rookeries showed a similar pattern of diurnal 

activity during their first six days in the water and did not differ statistically during any 

light period (Table 2B). 

Ill Nocturnal activity.-Both east and west coast hatchlings showed highest levels of 

nocturnal swimming on night 1, followed by lower activity (Fig. 3, black bars). Overall 
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nocturnal swimming activity by the west coast turtles was significantly greater than that 

of east coast turtles (coast, Table 3A). Nocturnal swimming activity was also 

significantly different among dark periods for each population (night, Table 3A) and in 

the interaction between coast and dark period (coast x night, Table 3A). 
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Chapter4 

Discussion 

I. Activity patterns during hatchling migration 

Carr and Ogren (1960) were the first to describe the frenzy period. They noticed 

that green turtles (Chelonia mydas) after entering the ocean (or placed in seawater-filled 

tanks for the first time) showed "almost frantic" and "continuous" swimming. 

Subsequent studies by Bennett (1978) and Dalton (1979) attempted to quantify the 

duration of this frenzy period, and to relate any differences to the ecological problems 

faced by green turtles entering the ocean at different beach locations. 

Bennett ( 1978) recorded the activity of green turtles from the east coast of 

Florida, shipped to Texas within 48 hours of hatching where the observations were made 

in a large, seawater-filled tank. Hatchlings were received in five shipments; each 

shipment representing a different clutch. Activity was measured by photocells placed on 

the tank bottom that were exposed to visible light from above th_e tank. As a turtle swam 

through the tank, it interrupted the light beam allowing a computer, linked to the 

photocells, to record the animal's position and path of travel through the tank. 

This recording system led to several problems in experimental design. First, the 

turtles were exposed to continuous lighting so that any changes in behavior correlated 

with changes in the light-dark cycle could not be measured. Second, only one turtle at a 

time could be tested in the tank; some were tested almost immediately after hatching 

while others were tested up two weeks later. The assumption that such a delay results in 

no change in migratory activity or behavior is unlikely. Third, if a turtle swam in place 

such as against one wall of the tank, it might not change position yet is active. The 
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apparatus could record the turtle as inactive. Finally, no turtle ' s activity was recorded for 

more than 24 h so that changes in migratory swimming that might occur afterward were 

not measured. 

In Dalton' s (1979) study, hatchlings from nests deposited on Ascension Island 

and nests from Tortuguero, C.R , were tested under a normal light-dark cycle. Dalton 

fails to provide number of nests collected and the eventual number of hatchlings tested. 

Eggs were transported by air, from each location, to Gainesville, Florida where they were 

incubated and hatched. Hatchlings swam in a circular runway where activity was 

monitored by a device sensitive to water currents generated by the turtle ' s movement. 

However, different turtles were once again tested at different time in their development 

(5-10 days post-hatching) and also made frequent contact with surfaces (side and bottom 

of the runway); that contact may have inhibited their activity. 

Bennett ( 1978) reported that the frenzy of Florida turtles lasted between 1 0-24 

hours. Dalton (1979) found the frenzy lasted 3 days for hatchli_ngs from Tortuguero, but 

for about one hour for most ( 64.7%) of the hatchlings from Ascension Island. The 

remaining turtles showed a frenzy period of less than 2 days. Bennett (1978) suggested 

that the duration of the frenzy period might be determined by how long hatchlings were 

exposed to near-shore predators as they swam offshore toward deeper water. Dalton 

(1979) hypothesized that the duration of the frenzy period was related to the distance 

between the nesting beach and the offshore oceanic currents the turtles use to reach 

suitable nursery areas. While both of these hypotheses are plausible, technical problems 

make it difficult to interpret the data. 
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Wyneken and Salmon (1992) designed experiments that eliminated most of these 

technical problems. They recorded the activity of loggerhead, green turtle, and 

leatherback (Dermochelys coriacea) hatchlings captured on the day they were emerging 

from nests located on the east coast of Florida. Each hatchling was tethered individually 

inside a seawater-filled pool so they never made contact with barriers (simulating 

swimming in "open water"). Measurements began at a uniform time (midnight of the 

evening the turtles were scheduled to emerge) and continued for 6 days under a natural 

photocycle. 

Activity changed over time in all of the species. The turtles shifted from 

continuous swimming during an initial24 h frenzy period, to primarily diurnal activity 

over the days that followed (postfrenzy period). There were also differences between 

species in behavior during the postfrenzy. By the end of day 6, loggerheads were almost 

totally inactive at night whereas green turtles show low nocturnal activity and 

leatherbacks swam for 10-30% each night (Wyneken and Salmpn, 1992). 

More recent studies revealed that these patterns of activity are not characteristic of 

other marine turtle species. Chung (200 1) quantified the activity of hawksbill 

(Eretmochelys imbricata) hatchlings from nests placed Gulisaan Island, Malaysia, using 

methods similar to those employed by Wyneken and Salmon (1992). Hawksbills showed 

a "frenzy" period that was abbreviated in time ( 4-6 h of swimming, equally divided 

between the dark and light periods). Hawksbills also swam more slowly. While the 

loggerheads, green turtles, and leatherbacks studied by Wyneken and Salmon (1992) and 

the loggerheads studied here exclusively used powerstroking for rapid locomotion during 

their frenzy, hawksbills actively swimming frequently shifted between powerstroking and 
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two slower gaits ("rear flipper kicking" and "dog paddling"; Wyneken, 1997). Chung 

reported that after day 1, hawksbills no longer showed nocturnal activity. However, their 

diurnal activity continued for short periods over the next 5 days. 

The pattern of migratory activity shown by marine turtles also varies depending 

upon the testing tank "environment" . In all of the laboratory studies, activity was 

measured in seawater-filled tanks, with no flotsam. Smith and Salmon (2007) measured 

swimming activity shown by Florida green turtles and loggerheads in tanks that contained 

flotsam (Sargassum mats or floating plastic plants, placed on one side of the tank). 

Under these conditions, migratory activity was abbreviated. After 24 h, many of the 

turtles abandoned open water and instead rested either on or within the mat. By the end 

of 3 days, most of the turtles were inactive. Loggerheads rested either in open water 

adjacent to the mat or within the mat itself, while green turtles were found almost 

exclusively within the mat (Smith and Salmon, 2007). 

Why did these differences occur? One possibility is that tethering results in 

elevated and prolonged periods of activity. Another is that postfrenzy turtles in an 

"empty" tank are actively searching for habitat (flotsam) that provides food, shelter, and 

protection against predators. If this interpretation is correct, then in the absence of 

flotsam levels of activity remain uninhibited. 

Studies on other organisms provide examples of how migration can be terminated 

by exposure to an appropriate substrate (Dingle, 1996). When tested in the lab the black 

bean aphid, Aphis fabae , flies until an appropriate plant host is introduced, then it settles 

(Kennedy, 1958; Kennedy and Booth, 1963a,b, 1964; Kennedy and Ludlow, 1974). 
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Similarly the larvae of the red abalone, Haliotis rujescens, transition from a 

pelagic migratory stage to a bottom stage (Morse, 1991 ). The larvae sink to the bottom 

and exhibit "bottom hopping" until the appropriate substrate, red coralline algae, is 

contacted. 

ll. Comparative studies of hatchling migration 

Why do marine turtle hatchlings show variation in migratory behavior? One 

possibility is that variation occurs because adults nest at different (though commonly 

overlapping) geographic locations often at different times. Different environmental 

conditions at these locations might promote different behavioral strategies for coping 

with shallow-water predators. Another variation of this hypothesis is that differences 

persist because after escaping from shallow water, each species occupies a distinct spatial 

or ecological niche. Distinguishing between these alternatives might be possible if (i) 

each species is tested under identical conditions, and (ii) the di~erences persist. For 

example, if the compared species show similar frenzy but different postfrenzy activity 

patterns, the results suggest convergence between species in how they escape from 

nearshore predators, but divergence in behavior once they reach "offshore goals" 

(Wyneken and Salmon, 1992). Alternatively, if the behavior of the compared species 

differs during both phases of migration, the results suggest that the taxa being compared 

have evolved entirely different migratory strategies, both to escape from shore and to 

either locate, or live in, suitable offshore habitats. Recent studies provide support for 

both hypotheses. 
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Australian flatbacks never depart from continental shelf waters, and so are likely 

to be continuously exposed to high concentrations of predators. Their much larger size at 

emergence may be an adaptation that renders them better able to defend themselves from 

these predators (Bustard, 1972; 1979). Their tendency in seawater-filled tanks to make 

frequent dives, to show consistently high levels of swimming activity, and to remain 

active both during the day and at night appear to be special adaptations unique to this 

species (Wyneken et al. , 2007). The significance of these behavioral differences is 

currently unknown. One possibility is that they remain persistently vigilant against 

predators near the water surface (such as sea eagles; Walker and Parmenter, 1990) or 

elsewhere in the water column, and escape by actively fleeing or hiding. 

Hawksbills may have evolved another unique migratory strategy, based upon 

inactivity during migration. These turtles often nest on tropical islands and cays 

surrounded by coral reefs (Witzel, 1983; Mortimer and Bresson, 1999; Chan and Liew, 

1999; Moncada et al. , 1999). Reefs support high concentration~ offish and other 

hatchling predators. Hawksbills show several adaptations probably related to high levels 

of predator pressure. They produce large clutches(- 130 eggs), but invest the least in 

each egg (Van Buskirk and Crowder, 1994). The result is a small (and presumably 

vulnerable) hatchling. Small size reduces the capacity of hatchlings to swim rapidly away 

from reef habitats, but may make them less conspicuous. Newly emerged hawkbill 

hatchlings are relatively inactive when placed in water-filled tanks (Carr and Ogren, 

1959; Chung, 2001 ), and instead may depend upon crypticity and local currents for 

dispersal away from the nesting beach and through shallow reefs. 
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Loggerheads, green turtles, and leatherbacks nest at ecologically diverse sites 

(beaches located on continents as well as islands; sites where coral reefs are present or 

absent). At some of these (e.g., tropical islands surrounded by reefs), predators are 

abundant and can pose a serious threat to hatchlings swimming offshore (e.g., Gyuris, 

1994). At others, nesting beaches are adjacent to an open sand bottom devoid of cover so 

that predator concentrations and predation rates (at least near shore) are low 

(Witherington and Salmon, 1992; Stewart and Wyneken, 2004; Whelan and Wyneken, in 

press). The hatchlings of all three species are sufficiently large to swim rapidly through 

shallow water and so can minimize their exposure time to these near-shore predators. 

The turtles all occupy "nursery areas" in the open ocean, but the specific niche is known 

only for loggerheads, which hide in flotsam (Carr, 1986; Witherington, 2002). Green 

turtles simply "disappear" (Bjomdal, 1997). Recent studies (Smith and Salmon, 2007) 

suggest that green turtles also hide in flotsam but how they behave in flotsam and how 

their niche is distinct from loggerheads is unknown. Leatherb~cks as posthatchlings 

avoid flotsam and prefer open water habitats at tropical latitudes (Eckert, 2002). 

These elements of natural history lead to the prediction that the three species 

should converge in behavior during their escape from the nesting beach (the frenzy), and 

diverge during later portions of migration (nocturnal activity during the postfrenzy) as 

they search for, or locate, offshore habitats. The data obtained by Wyneken and Salmon 

( 1992) were consistent with those predictions. 
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m. Intraspecific comparisons 

How do differences in ecology shape differences in migratory behavior? These 

relationships are identified most directly by comparing geographically distinct 

populations within species that may be locally adapted (Dingle, 1996). In contrast, 

behavioral difference between species may arise either as a consequence of local 

ecological pressures or because the species compared are both genetically distinct and 

specialized to occupy different niches. 

Intraspecific variation among migratory populations is well known and most 

commonly occurs when populations either breed and/or grow to maturity at different 

locations. Populations can then show differences in migratory schedules, in the time and 

effort devoted to growth vs. reproduction, in the age at which they reproduce, in the 

number of times they breed, and in their physiology and morphology (Dingle, 1996). 

Some well-known examples have been documented in migratory birds (blackcap 

warblers, Sylvia atricapilla). Different populations overwinter _in different areas 

(southern Iberia and North Africa~ England), and breed in different areas (northern 

Europe and in the Canary Islands~ Berthold and Querner, 1981 ~ Berthold, 1988). Each 

breeding population has an endogenous program of migration that differs in its duration 

and orientation (Berthold and Querner, 1981). In warblers, those differences have a 

genetic basis. 

Shad (Alosa sapidisima) are anadromous fishes whose populations show site 

fidelity to different freshwater streams distributed between Florida and New Brunswick. 

Populations spawning in Florida breed once in the spring then die, whereas those 

15 



spawning in New Brunswick breed in the Fall, and may survive to breed again the next 

year before dying (Leggett, 1973). 

Populations of sockeye salmon (Oncorhynchus nerka) vary phenotypically 

(Crossin et al., 2004) depending upon the challenges they face during migration. 

Populations that migrate toward more distant spawning sites at a higher elevations have 

higher costs. They store more energy reserves prior to migrating and possess more 

streamlined and hydrodynamically efficient body shapes (Crossin et al. , 2004). 

The large milkweed bug (Oncopeltusfasciatus) consists ofboth migratory and 

sedentary populations (Dingle et al., 1980). Migratory populations occur in the 

subtropics and temperate areas and move north to breed during the spring, when 

resources are superabundant, while sedentary, non-migratory populations both breed and 

grow to maturity in the tropics. The least migratory bugs are from islands and are also 

the smallest in body size. The most migratory bugs are from subtropical and temperate 

regions and are also the largest in body size. 

I compared the migratory behavior shown by hatchling loggerheads departing 

from southern nesting beaches on each side of the Florida peninsula. The two populations 

showed identical migratory activity during the frenzy (suggesting similar strategies to 

escape from the nesting beach), but differed in their nocturnal postfrenzy activity (the 

west population was significantly more active at night than the east population). What 

ecological factors might shape these differences, and why? 

Genetic evidence indicates that loggerhead hatchlings from rookery beaches 

throughout Florida are eventually transported to nursery areas located in the eastern 

Atlantic (Bolten et al., 1998; LaCasella et al., 2005; Bowen et al. , 2005). To reach those 
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areas, loggerheads entering the Gulf of Mexico need to locate the Loop Current, because 

that current system most directly transports them into the Florida Current and ultimately, 

into the Gulf Stream and the North Atlantic Gyre (Fig. 4). Loggerheads entering the 

Atlantic from Florida' s east coast, however, must locate the Florida Current. I 

hypothesize that ecological differences between the offshore habitats that the turtles must 

negotiate shape the behavioral contrasts I observed. 

Hatchlings from each coast must migrate different distances to reach the relative 

safety of deeper water (Fig. 4). The sublittoral (continental shelf) region extends from 

the shoreline to a depth of about 200 m (Nybak:ken, 1982). The shelf region west of 

Florida (Gulf of Mexico) extends about 200 km offshore (He and Weisberg, 2002) 

whereas on the east of Florida, the "shelf' (gently sloping shallow water region on the 

east coast) is narrower (10 km to the east ofPalm Beach and Broward Counties, to 70 km 

adjacent to Brevard and St. Lucie Counties (Gyory et al., 2005; NOAA National Data 

Buoy Center, 2006). Hatchlings departing from west nesting ~eaches may swim more 

actively during the postfrenzy to negotiate that distance as quickly as possible. 

Hatchlings from each coast must swim through shallow waters that differ in 

productivity and therefore, in predator densities (Rhyther, 1969; Waide et al., 1999). On 

both coastlines, the highest productivity occurs closest to shore (Fig. 5). However, 

overall productivity (as measured by chlorophyll a levels) is both higher, and extends 

farther offshore, in the Gulf of Mexico than on the Atlantic side of the Florida peninsula, 

probably because the Gulf of Mexico receives nutrients from many river systems (in 

Florida, Mississippi, Alabama, and Texas). Its waters and adjacent estuaries constitute 

important nursery habitats for fishes and shrimp, and support extensive fisheries 
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(Rhyther, 1969; Nybakken, 1982; Rabalais et al., 2002). Shallow water fisheries in the 

Gulf of Mexico include species such as tarpon, barracuda, shark species, and snapper 

(fishbase.org). Hatchlings departing from Florida's southwestern coast may therefore 

increase their postfrenzy swimming activity at night both to minimize their detection by 

predators and to negotiate a more dangerous zone as rapidly as possible. 

Whelan and Wyneken (2007) showed higher predation rates on loggerhead 

hatchlings on the southeastern coast than the southwestern coast. Whelan hypothesized 

that the more extensive shallow water region on the southwestern coast created a more 

widespread predator distribution. Additionally, the rate of predation on the southeastern 

coast increased as the hatchling season progressed. She linked the increase of predation 

rates over the season with the increase of migratory fish moving through the shallow 

waters of the southeastern coast (Whelan and Wyneken, 2007). Hatchling departing from 

southwestern beaches may face lower predation rates nearshore, however they do face 

the risk of predation for a longer period of time. 

Hatchlings entering the Gulf of Mexico must migrate farther to reach suitable 

oceanic currents for transport than hatchlings departing from beaches on Florida's east 

coast (Fig. 4). The Loop Current is also highly variable system that changes 

unpredictably in both its location as well as form. Large warm-core rings (or eddies) 

pinch off from its northward extension and travel westward in the Gulf, making currents 

unpredictable and chaotic (Gyory et al., 2005; Mark E. Luther, pers. comm.). Thus, 

hatchlings must negotiate both greater distances, and variable currents for transport from 

the Gulf of Mexico through the Florida Straits. Their only option may be to locate the 

Loop Current as quickly as possible by swimming westward with greater vigor. In 
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contrast, hatchlings departing from nesting beaches on the east coast of Florida encounter 

the Florida Current much closer to shore (within 70 km, depending upon latitude). 

Northward transport toward and entrainment within the Gulf Stream is far more likely 

once hatchlings reach that offshore goal. However, there is evidence that even for turtles 

that successfully negotiate that migration, it may take weeks or months before they are 

transported eastward (Witherington, 2002). Some turtles (how many is uncertain) may 

complete most or all of their pelagic phase adjacent to the southeastern seaboard of the 

U.S. (Bolten, 2003a, b). 

Turtles from both the east and west subpopulations are currently recognized as 

part of a single genetic population (south Florida; Encalada et al., 1998). Thus, the 

behavioral differences between these subpopulations may be a response to local 

environmental differences between the coasts (phenotypic plasticity), or a consequence of 

a small number of unidentified genetic differences. Separation between the two rookeries 

may be recent (Bowen et al., 1993) or incomplete, relative to t?e longer period of 

isolation between the loggerhead subpopulations that show clear genetic differences 

(Encalada et al. , 1998). Additional studies will be required to determine whether the 

behavioral differences I have demonstrated are based upon phenotypic plasticity, 

different developmental programs, or some combination of both variables. 
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Figure 1. Circular Activity Pool (A) Circular plastic pool used to measure hatchling 
swimming activity. When turtles swim, they pull the lever arm down to complete an 
electronic circuit; a counterweight pivots the lever arm upward during inactivity, 
breaking the circuit (Salmon and Wyneken, 1987). (B) Hatchling loggerhead swimming 
inside the pool. It is attached by a monofilament line to the lever arm. 
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Figure 2. Total Activity Graph. Proportion of time spent active over 6 (24 h) days for 
the turtles (n=37 east coast and n=30 west coast) from each coast. Day 1 is significantly 
different from days 2-6 on the west coast. Day 1 is significantly different from days 2-6 
and day 2 is significantly different from days 5 and 6 on the east coast. Brackets, s.e. of 
the mean. 
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Figure 3. Light and Dark Periods Activity Graph. Arcsine transformed proportions 
of Day (open bars, left) and Night (black bars, right) activity shown by the west (n=30) 
and east (n=37)coast hatchlings. Day 1 is significantly different from days 4, 5, and 6 for 
the west and east coasts during the light period. Day 1 is significantly different from all 
other days for the west coast. Day 1 is significantly different from all other days and day 
2 is significantly different from days 3-6 on the east coast. 
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Gutf of Mexico 

-

Figure 4. Generalized surface current patterns adjacent to peninsular Florida. The 
Loop Current passes from the Gulf of Mexico into the Florida Straits as the Florida 
Current, then moves northward along the east coast of Florida as the Gulf Stream (from 
www.NOAA.gov, 2006). 
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Figure 5. Chlorophyll a concentrations of peninsular Florida from December 1999-
December 2006. Concentrations are higher on the west coast and above latitude 27°N on 
the east coast. Concentrations are lower for the east coast of Florida. (The images and 
data used in this study were acquired using the GES-DISC Interactive Online 
Visualization ANd aNalysis Infrastructure (Giovanni) as part of the NASA's Goddard 
Earth Sciences (GES) Data and Information Services Center (DISC); NASA, 2006). 
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Tables 

Table 1A. ANOVA analysis of total activity shown by the hatchlings from each 
coast, using arcsine transformed proportions of the data shown in Fig. 2. 

Source of Variation DF ss MS F ~p 

Coast 
Period 
Coast x Period 
Turtle( Coast) 
Residual 
Total 

* See Figure 2. 

1 0.908 0.908 9.358 0.003 
5 8.964 1.793 52.374 0.001 * 
5 0.205 0.0410 1.198 0.311 

75 10.447 0.139 
226 7.737 0.0342 
312 30.524 0.0978 

Table 1 B. Tukey-Kramer analysis of 
total activity Coast x Period, using 
arcsine transforms of the data shown in 
Fig. 2. 

Total p 

1 0.538 
2 0.138 
3 0.032 
4 0.010 
5 0.040 
6 0.023 
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Table 2A. ANOVA analysis of diurnal activity by the hatchlings from each coast, 
using arcsine transformed proportions (shown in Fig. 3, open bars). 

Source of Variation OF ss MS F <P 

Coast 
Day 
Coast x Day 
Turtle( Coast) 
Residual 
Total 

* See Figure 3. 

1 0.054 0.054 0.360 0.550 
5 2.848 0.570 14.614 0.001* 
5 0.086 0.017 0.442 0.819 

75 15.604 0.208 
260 10.133 0.039 
346 29.109 0.0841 

Table 28. Tukey-Kramer analysis of 
diurnal activity Coast x Day, using arcsine 
transforms of the data shown in Fig. 3. 

Day p 

1 0.464 
2 0.838 
3 0.375 
4 0.630 
5 0.482 
6 0.910 
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Table 3A. ANOVA analysis of nocturnal activity shown by hatchlings from each 
coast, using arcsine transformed proportions (shown in Fig. 3, filled bars). 

Source of Variation OF 55 MS F ~p 

Coast 
Night 
Coast x Night 
Turtle( Coast) 
Residual 
Total 

* See Figure 3. 

1 7.111 7.111 23.229 0.001 
5 33.798 6. 760 66.169 0.001* 
5 2.377 0.475 4.654 0.001 

76 30.134 0.396 
265 27.071 0.102 
352 109.120 0.310 

Table 38. Tukey-Kramer analysis of 
nocturnal activity Coast x Night, using 
ranked proportions of the data shown in 
Fig. 3. 

Night p 

1 0.216 
2 0.344 
3 <0.001 
4 <0.001 
5 <0.001 
6 <0.001 
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