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Abstract 

Sea turtle hatchlings emerge from underground nests, crawl to the ocean and swim out to sea. 
The orientation cues used to maintain offshore headings are unknown. O u r  field experiments suggest 
loggerhead hatchlings on the Atlantic coast of Florida continue on offshore headings by swimming 
into oceanic swells and wind-generated waves. Dependence on these cues appears complete when 
hatchlings are 3.0 km from shore. Because waves and swells usually approach from seaward 
directions, they are generally reliable guideposts. 

Corresponding author: MICHAEL SALMON, Department of Biological Sciences, Florida Atlantic 
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Introduction 

Sea turtle hatchlings emerge from underground nests on oceanic beaches, 
crawl to the surf, enter the ocean, and swim rapidly out to sea. Hatchlings thus 
sequentially carry out two different orientation tasks. First, they locate the ocean; 
then, after entering the sea, they swim away from land. 

Hatchlings typically emerge at night (HENDRICKSON 1958; MROSOVSKY 1968; 
BUSTARD 1972; DEMMER 1981). Visual cues guide hatchlings from the nest to the 
surf zone (reviewed by HAYES & IRELAND 1978; MROSOVSKY & KINGSMILL 1985). 
Because the ocean reflects more light than land, a dim “glow” of light is usually 
visible toward the seaward horizon. Hatchlings veer away from dark obstructions 
such as vegetation and seek out open, bright horizons (CARR & OGREN 1960; 
MROSOVSKY & SHE-ITLEWORTH 1968, 1974). This response eventually leads hatchl- 
ings to the sea (MROSOVSKY & KINGSMILL 1985). 

Once hatchlings enter the ocean, they begin a period of intense swimming 
(the “frenzy”) which displaces them out to sea. Loggerhead sea turtle hatchlings 
(Caretta caretta L.), emerging from nests on the Atlantic coast of Florida, swim 
eastward (SALMON & WYNEKEN 1987). They eventually reach the Florida Current 
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and the North Atlantic gyre (CARR 1986 a). Frenzy swimming probably functions 
to displace individuals from shallow, continental shelf waters where predators are 
particularly abundant (HIRTH 1971) to open ocean regions where predation 
pressures may be less intense (CARR 1986 b). 

Although visual cues apparently guide hatchlings to the sea, nothing is 
known about the orientation cues utilized by the turtles once they enter the 
water. Anecdotal evidence has suggested that differences in light intensity used by 
hatchlings to find the ocean might continue to guide them in the sea (HENDRICK- 
SON 1958). However, FRICK (1976) noted that brightness differences between land 
and sea disappear within a few kilometers from land. Indeed, IRELAND et al. (1978) 
reported that green turtle hatchlings often failed to swim toward the brightest 
portion of the horizon during tracking experiments at night. Thus light cues alone 
appear insufficient to guide hatchlings once they swim only a short distance away 
from shore. 

The possibility that hatchlings might use surface waves to orient offshore 
was first suggested by WITHAM (1980), but never formally tested. 

As a first step toward identifying the orientation cues used by hatchlings in 
the ocean, we monitored the swimming directions of tethered individuals at 
various distances from shore. O u r  results suggest that hatchlings are guided 
primarily by surface waves which enables turtles to remain oriented in a seaward 
direction even when land is no longer visible. 

Methods 

All experiments were conducted during July-Sep., 1988, at Ft. Pierce, Florida. Hatchlings 
were obtained from a beach hatchery consisting of 123 nests relocated from sites where there was 
danger of human interference. The hatchery beach faced ENE, typical of the local shoreline. Nests 
were positioned about 10 m above the spring high-tide line and spaced about 1 m apart in a line 
parallel to the surf zone. When a depression formed over the nest (indicating an emergence would 
probably occur that evening), we carefully dug into the sand and removed &15 hatchlings. These 
were placed into Styrofoam coolers kept at ambient temperatures and lighting and transported to our  
laboratory at the Harbor Branch Oceanographic Institution for experiments later that night or the 
following day. The hatchlings remaining in the nest were left undisturbed to emerge naturally later 
that night. 

Hatchlings tested on the night of capture were kept within the cooler and transported by a small 
(4.88 m) motorboat to the test site. The trip took 1.5 h or less, depending on weather and destination. 

1. Measurement of Orientation 

We measured hatchling orientation by placing a turtle in a nylon-lycra harness tied by a short 
monofilament line to a buoy. The harness did not impede swimming (SALMON & WYNEKEN 1987) and 
the buoy was free to rotate in any direction, tracking the orientation of the swimming turtle (Fig. 1). 

The buoy was a round, hollow acrylic globe, 20 cm in diameter, that floated half-submerged in 
seawater (Fig. 1). A short flange, positioned at water level, was used to attach the harnessed turtle to 
the globe. As the hatchling swam it pulled the flange, rotating the globe toward its heading. 3 cm 
above water level on the side of the globe opposite the flange, a small red light-emitting diode shined 
continuously. The light was recessed with a blackened tube that restricted its glow to a narrow beam 
not visible to the turtle; it could, however, be seen by an observer at night when the hatchling swam 
directly away. Short strips of water-proof reflective tape, placed vertically on the surface of the globe 
at 45" intervals, also provided a reference for estimating buoy orientation and thus turtle swimming 
direction. 
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Orientation by Hatchling Sea Turtles During Offshore Migration 217 

hg. 1; Floating cage used to determine the orientation of tethered swimming hatchlings. BP, base 
plate; F, frame; G, globe; S, support. See text for details 

The globe was anchored from below by nylon line and a swivel to the submerged base plate of a 
circular floating cage (Fig. 1). The cage was composed of an octagonal frame (inside diameter, 1.12 m) 
constructed of hollow white PVC pipe (5 cm diameter), cut into 8 equal lengths and joined end-to- 
end. The frame floated horizontally in the water with only about 1.0 cm of its upper surface exposed. 
8 stainless-steel supports, each attached at the joint between pipe lengths, were bent to meet at the base 
plate located 25 cm beneath the frame (Fig. 1). The buoy was attached to the base plate and floated 
directly above. O n  the bottom of the plate, a pad eye served as an attachment point for a 20 m long 
rope, which connected the cage to the boat. The underwater area of the cage was surrounded by a net 
to exclude predators. 

Once a hatchling was harnessed and attached to the buoy, the entire apparatus was gently 
lowered into the water. It took from 1-3 min for wind or waves to push the boat the length of the 
rope away from the cage. Normally, this was sufficient time for the hatchling to establish a course 
from which it  only occasionally deviated. In those few instances when a hatchling was still circling, we 
waited an additional few rnin until the turtle had established a course. 

We then monitored the orientation of each hatchling for 10 min. Once each min we used a 
hand-bearing compass to record the buoy heading until 10 readings were obtained. During the day, 
the buoy’s compass direction (and often the turtle itself) could be directly observed; at night, the buoy 
was briefly (< 1 s) illuminated with a flashlight to expose the reflective tape strips. This procedure did 
not result in any detectable change in hatchling orientation, which could often be independently 
assessed by the position of the red LED light. 

Sea turtle hatchlings engaged in frenzy swimming reportedly do not alter course or change 
swimming behavior in response to nearby boats and swimmers (FRICK 1976). Loggerhead hatchlings, 
for example, continued to migrate offshore in broad daylight while a motorboat repeatedly circled 
them just 6-10 m away (SALMON & WYNEKEN 1987). Nevertheless, we carried out several proce- 
dures to eliminate the possibility that hatchlings in the present study were orienting to the boat or  
floating cage. In some experiments, we circled the cage slowly at a distance of 1&20 m while 
readings were taken. In other experiments, turtles were attached to the buoy but the cage was not 
used. Night tests were conducted with the dim cabin light both off and on. None of these procedures 
had any detectable effect on turtle orientation. 

2. Test Locations and Physical Measurements 

Experiments were carried out at one of four distances from shore. “Inshore” tests were 
completed during the day about 100 m from shore while the boat was anchored just outside the surf 
zone. “Offshore” experiments were conducted during the day while drifting with the motor off at 
0.7-1.6, 5.0-6.8 or 1&13 nautical miles (NM = 1.852 km) away from shore. At night, no 
experiments were conducted farther than 6.8 N M  from shore. Distances were determined by readings 
from a Loran C recorder (accurate to within 20 m). 

Inshore experiments were sufficiently close to land that hatchlings could probably see shore 
features (FRICK 1976; IRELAND et al. 1978), although the maximum distance at which swimming 
hatchlings can detect land is unknown. Offshore tests spanned distances up to those at  which we could 
no longer see shoreline features while standing in our boat. During clear days 10 N M  offshore, only a 
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few of the highest buildings were visible; at 13 NM, even these could not be seen. At each offshore 
location we recorded our position (latitude and longitude), the wind direction and velocity at eye level 
(m/s with a “turbometer” wind gauge), weather conditions (% cloud cover) and sun or  moon azimuth. 

Initial results suggested rhat surface waves were an important cue for hatchlings. We thus began 
recording data on  the direction and height of the two prominent forms of these surface disturbances: 
oceanic “swells’’ and wind-generated ”waves”. Heights of waves and swells were estimated visually. 
For waves, height ranged from a few cm (producing waves known as “wind ripples”) to 1 m;  no field 
experiments were conducted when waves exceeded 1 m in height. Swells ranged in height from 
0.25-1.0 m and had a much lower frequency. Directions for both waves and swells were measured 
by sighting down their axes of propagation with a hand-bearing compass. Readings were taken before 
each turtle was tested (i.e., about once every 15 min), and immediately after the occurrence of any 
significant change in wind conditions. 

Whereas swells always came from the E or SE, wind ripples or waves were generated by more 
variable local winds which could approach from any direction. Wind shifts resulted in an almost 
immediate change in wave direction; such shifts were most common shortly after midnight, when land 
breezes replaced sea breezes, and during the late morning or early afternoon when easterly sea breezes 
again became dominant. Some tests were carried out during changing wind periods, enabling us to 
examine changes in orientation that coincided with changes in wind conditions. 

3. Statistical Procedures 

The 10 consecutive orientation measurements taken for each turtle were used to calculate a first- 
order mean angle (a) and a mean vector (of length r) for each hatchling (BATSCHELET 1978). The 
Hotelling test was then used for second-order analysis (BATSCHELET 1978) to determine if hatchlings 
released at the same time and location were significantly oriented under the experimental conditions. 
An alpha level of 0.05 was used to reject the null hypothesis of a uniform second-order distribution. 

In one experiment in which a wind shift occurred, the distribution of second-order mean angles 
appeared bimodal. To determine if this was the case, the Rao test was employed. 

Results 

A total of 29 experiments was carried out involving observations on 215 
hatchlings (Table 1). Of these, 189 turtles were used once while 26 hatchlings 
were tested at two locations within 24 h (see below). The shoreline in all cases 
faced ENE (72-75’). 

1. Inshore Experiments 

These daytime tests were carried out at four locations within 5 NM to the N 
or S of the Ft. Pierce Inlet. In all cases, hatchlings were oriented eastward 

Table 1: Location, time of day and number of experiments carried out with loggerhead hatchlings 
during the 1988 field season 

Location Time of day No. of exp. No. of hatch]. 

In shore 

Off shore: 
0.7- 1.6 NM 

5 . 0 -  6.8 NM 

10.0-13.0 N M  

26 

32 
57 
42 
37 
21 
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10 SEPTEMBER 

219 

Fig. 2: Results of four inshore tests. North: line at top of circles, East is to the right. The coastline 
was approx. parallel to a line defined by the 343"-163" axis (westward, or to the left, in all circles). 
The mean angle of orientation for each hatchling (first-order direction) is represented by a line 
originating at the center of circles. Line length is directly proportional to the r value, which varies 
from &-1 (scale in 26 Aug. test). The second-order mean angle (a) for the entire group of hatchlings in 
each test is indicated by the solid triangle. Bars outside the margin give the range of wave (W) and 
swell (S) compass bearings during an experiment. When wind-shifts during tests changed compass 

bearings of waves, initial (Wl) and subsequent (W2) wave directions are indicated 

(orientation angles of 84-98') regardless of the testing site, wind or wave 
direction, or the presence or absence of swells (Fig. 2). 

2. Offshore Day Experiments 

In contrast to tests carried out near shore, hatchlings used in experiments 
0.7 NM or farther from shore adopted headings that were strongly correlated 
with the direction of surface waves and/or swells (Figs. 3, 4 A-B). In one test, 
waves and swells came from directions about 90" apart (Fig. 3 B); the group mean 
angle was between swell and wave directions. In another experiment, waves came 
from the SW while swells from the SSE were barely discernible (Fig. 3 C). Under 
these conditions, hatchlings swam toward the SW, i.e., toward shore. 

In the absence of swells and waves, many individuals still maintained 
essentially constant bearings throughout the 10-min tests; different individuals, 
however, swam toward different directions. O n  Aug. 5 and (with turtles from 
another nest) on Aug. 6, hatchlings were first tested in the morning when the 
ocean surface was calm and devoid of waves. The same hatchlings were again 
tested in the afternoon after a breeze (and waves) developed. Results from the two 
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A. 
19 AUGUST 

i= 850 

p < 0.001 

B. 

S 
p < 0.025 

17 AUGUST Dm 24 AUGUST 

Fig. 3: Diurnal offshore tests carried out 0.7-1.6 NM from shore. Format, as in Fig. 2. Most 
hatchlings were used in a single test (solid lines) but a few (dashed lines) in two tests at different 
locations within 24 h (hatchlings in D [N = 51 were previously tested near shore [Fig. 2 C]). Because 
naive and previously tested individuals showed no significant differences in orientation (Watson Uz 

test, U = 0.049, p > 0.5), data were combined to calculate the second-order (group) angle 

experiments were comparable (Fig. 4 C-F). Hatchling groups were not signifi- 
cantly oriented in any one direction when the sea was calm but were so oriented 
in the presence of waves. 

3. Offshore Night Experiments 

Hatchlings tested at night behaved much like those released offshore during 
the day: they swam toward surface waves and/or swells (Figs. 5,6).  When waves 
and swells approached from similar or identical directions, hatchlings swam 
toward the general direction of both surface stimuli (Fig. 5 A-C, E). When 
waves and swells approached from directions differing by 45-loo", group mean 
angles were between the two stimulus sources (Fig. 5 D, F). 

Swells were always present during night experiments, even when wind and 
waves were absent. In trials where waves were absent, turtles appeared to orient 
into the swells (Fig. 6 A-B). 

In the only night experiment in which significant unimodal seaward orienta- 
tion was not observed, the wind shifted abruptly from the south to the west after 
three turtles had been tested (Fig. 6 C). Swells continued to approach from the 
ESE but the wind shift produced waves that approached from the SW. The final 8 
turtles tested were thus exposed to swells and waves converging from nearly 
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16 SEPTEMBER 

(5.0 NM) 

6 = 1220 

5 AUGUST 

B. 

5 = 65O 

p ~0.05 

20 SEPTEMBER 

S 

Fzg. 4: Diurnal offshore tests carried out at distances of 5.0-13.0 NM from shore. Format, as in 
Fig. 2. Hatchlings used on 5 Aug. (C, D) and 6 Aug. (E, F) were tested twice, first in the morning 
(dashed lines) when there was no wind, then in the afternoon (solid lines) after the sea breeze 
developed and waves and/or swells were present. Significant directional preferences were only 

observed in afternoon tests 

opposite directions. Turtles responded by alternating between swimming into the 
swells and swimming into the waves. Each individual, however, tended to favor 
one or the other surface stimulus. As a consequence of these frequent changes in 
direction, mean vector lengths (r values) after the wind shift were generally 
smaller (Fig. 6 C). 
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30 SEPTEMBER 
(0.9 - 1.5 NM 1 

p <O.OOl / 

25 SEPTEMBER 

(1.6-2.8 NM) 

= 158O \ 

E. 
3 AUGUST 

( 6.0-6.5 NM 1 

z =  135O 

p <0.05 S 

B- n 26 SEPTEMBER 

1 1 ( 1.7-2.4 NM 1 

( 1.6- 1.8 NM 1 

W 

( 4.8- 6.0 NM 1 

Fig. I: Night offshore tests. O n  some evenings, waves and swells overlapped in propagation 
direction (A-C) while in other experiments (D-F) waves came from more southerly directions. 
Hatchlings usually swam between waves and swells when the two surface stimuli approached from 

different directions (D, F) 

Discussion 

Loggerhead hatchlings released offshore were able to establish and maintain 
constant headings during the day or night. Hatchlings released 0.7 NM or farther 
from shore consistently swam toward approaching waves and/or swells. Some 
individuals also maintained consistent courses when the sea was calm. In the 
absence of surface waves, however, different hatchlings swam toward different 
directions. The results suggest that stimuli functioning as guideposts for swim- 
ming hatchlings differ from those that guide hatchlings from the nest to the ocean. 
We elaborate upon these points below. 
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Orientation by Hatchling Sea Turtles During Offshore Migration 223 

p <  0.05 

WI 

Fzg. 6: Night offshore tests when there was no wind and waves were absent (A, B). Headings appear 
to be correlated with propagation directions of swells. Hatchlings used in 18 Aug. tests (A) were also 
used in tests on 17 Aug. (Fig. 3 B). In C, wind (and waves) shifted from the S (Wl) to the W (W2) 
after three hatchlings (dashed lines) were tested. Swells continued to approach from the ESE 
throughout. Hatchlings tested after the wind-shift (solid lines, n = 8) oriented toward either the waves 
or the swells. The resulting distribution is significantly bimodal (by a Rao test, BATSCHELET 1978) 

1. Organization of the Orientation System 

FRICK (1976) carried out experiments with two groups of hatchlings: those 
allowed to swim offshore after crawling from the nest to the ocean, and those 
captured after emerging from the nest and released directly into the water 
offshore. Once in the ocean, hatchlings that had crawled established headings 
which were perpendicular to the beach and held these courses even after land was 
no longer visible. In contrast, hatchlings released directly offshore (N = 5) circled 
repeatedly, dove erratically, and (with one exception) appeared incapable of 
establishing an oriented heading. 

One  interpretation of these data is that the compass (or compasses) used by 
hatchlings to maintain offshore orientation is “calibrated” by directions turtles 
move while on land or shortly after entering the sea (MROSOVSKY 1983). Attempts 
to confirm that the beach crawl is necessary for orientation in the ocean, however, 
have not been successful. SALMON & WYNEKEN (1987) transported loggerhead 
hatchlings directly from nests to release sites within 30 m of shore. After an initial 
prolonged dive and a short period of circling, all individuals began swimming in 
an offshore direction. Thus for loggerheads neither the experience of a crawl from 
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the nest nor entry into the surf is essential for normal orientation when land is 
near. The experiments we report here suggest that even far away from land, 
hatchlings taken directly from nests can establish appropriate offshore courses if 
surface waves are present. 

LOHMANN, SALMON & WYNEKEN (in prep.) repeated FRICK’S experiments 
with three groups of Florida green turtles released up to 15 NM from shore: 
hatchlings deprived of a crawl, those allowed to crawl to the surf zone, and 
hatchlings that had crawled in a pit on the upper beach. All three groups behaved 
similarly and much as loggerheads. When placed into the water, they soon 
assumed (and held) nearly identical seaward bearings. 

2. Cues Used by Hatchlings 

Initial studies on green turtle orientation in Bermuda (FRICK 1976; IRELAND 
et al. 1978) did not address the issue of what cues were used in offshore migration. 
Experiments with young (3-7 month old) Kemp’s Ridley turtles (Lepidochelys 
kempi) yielded results consistent with those we report. WIBBELS (1984) released 
turtles from the center of an arena located in a shallow lagoon. The arena was 
adjacent to either the W or E shore. Orientation responses were analyzed to 
determine if turtles swam toward the brightest horizon, the nearest shore, or 
toward wind generated currents. Experiments on 154 turtles were carried out 
during the morning and afternoon of several days. Turtles were oriented toward 
currents even though wind direction varied on different days. There was no such 
consistent orientation toward the brightest horizon or toward shore. The ad- 
vanced age of these turtles makes it difficult to interpret these responses function- 
ally, but the results suggest that Kemp’s Ridley, like the loggerhead, may orient 
toward wind-disturbed water surfaces. 

Loggerhead hatchlings tested during the day within 100 m of shore were 
oriented offshore in all experiments (Fig. 2), including those when waves came 
from S, SW or W directions. Unfortunately in all tests, either waves (Fig. 2 A) or 
swells (Fig. 2 B-D) came from the E. Thus our data do not provide insight into 
whether near-shore orientation depends on surface waves, visual cues from land 
or other sources of stimuli we have not considered. Even if hatchlings do respond 
to surface waves close to shore it is clear they do so differently from turtles tested 
offshore; the influence of surface waves coming from locations other than the E is 
ignored. 

Offshore tests suggest that hatchlings 0.7 N M  (day) or 1.6 N M  (night) from 
shore rely on surface waves for offshore orientation. These results are consistent 
with the hypothesis that hatchlings do not utilize cues associated with land for 
very long after they enter the water (HAYES & IRELAND 1978), either because land 
cannot be detected or because other stimuli become primary in orientation. 

During all night experiments, lights on land produced a shoreward glow that 
appeared brighter to us than the horizon toward the sea. O u r  turtles, like green 
turtles used in night experiments by IRELAND et al. (1978), nearly always swam 
away from land and thus showed no tendency to orient toward the brightest 
horizon. 
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Orientation by Hatchling Sea Turtles During Offshore Migration 

3. Surface Waves and Migratory Orientation by Loggerheads 

When sea turtle hatchlings enter the ocean, they are positively buoyant and 
incapable of either prolonged or deep diving (DAVENPORT & CLOUCH 1986; 
WYNEKEN 1988). Their migratory swimming consists of shallow underwater 
“powerstroking” followed by surface “dogpaddling” (SALMON & WYNEKEN 1987). 
These features of their swimming behavior and its spatial setting result in virtually 
continuous exposure to waves, both as surface phenomena and as underwater 
forces displacing water particles in orbital (surge) patterns. 

For animals moving toward or away from beaches (e.g. horseshoe crabs 
[Limulus], RUDLOE & HERRNK~ND 1976, 1980; blue crabs [Cullznectes], 
NISHIMOTO & HERRNKIND 1978) or moving within shallow waters (molluscs 
[Littorina], G E N D K O ~  1977; [Aplysiu], HAMILTON & RUSSELL 1982; lobsters 
[Punulirus], WALTON & HERRNKIND 1977; HERKNKIND 1980, 1983), responses to 
wave surge forces detected under water provide useful orientation cues. Such 
surge cues have been proposed to explain the ability of hatchling sea turtles to 
orient seaward upon their first contact with water (HENDRICKSON 1958). But 
hatchlings, in contrast to most other organisms employing waves as orientation 
cues, are neither benthic nor shallow-water inhabitants. Their migration quickly 
carries them to water depths (greater than 30 m) and to distances from shore 
(several km) where surface waves may no longer reliably reflect the location of 
land. Yet our data suggest that hatchlings, at least judging from their initial 
responses, continue to rely on these cues. How can such a system operate 
effectively? 

Oceanic swells reflect consistent wind patterns that prevail over large 
expanses of open water for long periods of time. Because swells originate in the 
open ocean and move great distances before reaching shore, swell direction is 
established far out at sea and reflects wind conditions hundreds or thousands of 
km from shore (BASCOM 1980). Thus, the direction of swells often remains 
constant over weeks or months and is largely independent of daily changes in 
wind and wave direction which occur near land. At Fort Pierce, prevailing winds 
are E to SE (ANONYMOUS 1988); swells during summer months consistently 
approach from between E and SE (Figs. 2 - 6 ) .  

In contrast to swells, winds near continents (and the waves they generate) are 
affected by die1 patterns of land heating and cooling (WALKER 1973; SHANKS 1987). 
In the afternoon and early evening, warm air over land rises and is replaced by 
cooler air moving in from the ocean (sea breezes). At night air masses over land 
cool more rapidly than those over the sea. By about midnight, air moves from 
land toward the ocean to replace warm air rising over the water. Such land breezes 
persist until the sun rises and again heats the land. By about noon, the land breeze 
is replaced by the sea breeze. Such recurrent wind patterns are common where 
oceans meet continents and are known to occur along the east coast of the United 
States (ATKINSON 1981). Land breezes are characteristically weaker than sea 
breezes and do not extend more than a few km off shore. Sea breezes in Florida, 
however, reinforce the prevailing SE winds; their influence can extend 20 or more 
km off shore (WALKER 1973). 
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Because most loggerhead hatchlings emerge from nests between dusk and 
midnight (DEMMER 1981) they are likely to encounter waves generated by land 
breezes soon after entering the water. Under these conditions, orienting toward 
waves might lead turtles back toward land. But land breezes are generally weak 
and on only one evening (of the 13 in which we did experiments) did the breezes 
generate waves that directly opposed swells. Typically, land breeze winds are 
either absent at night or weak and from the S (Fig. 5). In the absence of land- 
breeze waves, hatchlings orient into swells (Fig. 6 A-B). When waves are 
generated from the S, hatchlings orient between the propagation directions of 
swells and waves (Fig. 5 D,  F). Such behavior could function to reduce the 
influence of erratic land breezes on offshore orientation. 

Loggerhead hatchlings emerging from nests on the Atlantic coast of the 
United States enter the North Atlantic gyre by swimming to the Gulf Stream 
(CARR 1986 a). The distance between the Gulf Stream and shore varies consider- 
ably; the current is farther from shore at more northern latitudes. In some 
locations, the Gulf Stream is probably so far from shore that sea breezes exert 
minimal effects on the ocean environment and thus may not provide cues needed 
to complete the entire migration. We hypothesize that under these conditions, the 
recently demonstrated ability of loggerhead hatchlings to orient using the magne- 
tic field of the earth (LOHMANN, in prep.) may become increasingly important. If 
we are correct, then orientation mechanisms during the 24-h frenzy, which 
appear to depend on surface waves, may differ fundamentally from orientation 
processes used to reach more distant oceanic destinations. Additional research is 
needed to provide the answers. However, such a two-phase system could 
function adaptively in loggerheads because they nest along wide expanses of 
continental shoreline, on either side of the Atlantic ocean basin (DODD 1988), and 
in regions where sea breezes and prevailing winds vary in direction relative to 
presumed oceanic goals. 
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