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Sea turtle hatchlings emerge from underground nests 
on oceanic beaches and immediately confront two sepa- 
rate problems in orientation. First they must locate the 
ocean and crawl to it; then they must orient offshore while 
they swim out to sea in a migration lasting several days. 

Visual cues guide hatchlings from the nest to the sea 
(1, 2) but little is known about the cues used by turtles 
in the ocean. Nevertheless, the crawl across the beach has 
long been considered essential to swimming orientation 
because hatchlings released offshore without a crawl re- 
portedly fail to orient seaward (3, 4). Here we report that 
hatchling leatherback (Dermochelys coriacea) and green 
(Chelonia mydas) sea turtles released offshore consistently 
swam toward approaching waves and oceanic swells. 
Wave tank experiments confirmed that swimming hatch- 
lings oriented into waves. A crawl across the beach was 
not a prerequisite for wave orientation in either the field 
or lab, indicating that hatchling sea turtles possess two 
separate orientation systems, each based on different sen- 
sory cues and capable of functioning autonomously. The 
first guides hatchlings on land to the sea; the second, based 
on wave detection, functions during the ocean migration. 

In five field experiments with green turtles and five oth- 
ers with leatherbacks, we monitored the swimming ori- 
entation of hatchlings released at various distances off- 
shore near Fort Pierce, Florida. A total of 45 green turtle 
and 48 leatherback hatchlings were tested. All experiments 
were conducted between July and September in 1988 and 
1989. 

Hatchlings were obtained from nests deposited on 
beaches in the Fort Pierce area. Nests were checked daily 
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until a depression formed above the eggs (indicating the 
eggs had hatched and an emergence would probably occur 
that evening). We then carefully dug in the sand and re- 
moved hatchlings, placed them into Styrofoam boxes, and 
transported them by motorboat to testing sites 2.0-30.0 
km offshore. All turtles were tested and released within 
48 h of capture. 

Each turtle was placed into a nylon-lycra harness (5) 
tied by a short line to the side of a spherical, half-sub- 
merged floating buoy (Fig. IA). The buoy was attached 
by another line to the submerged center of a floating cage 
(Fig. IA). Swimming hatchlings exerted sufficient force 
to easily rotate the buoy. Markings on the buoy were 
clearly visible from the boat, enabling observers to deter- 
mine the orientation of the buoy (and thus of the turtle) 
as the hatchling swam in place. Previous reports have in- 
dicated that migrating hatchlings do not change course 
or alter their behavior in response to nearby boats (3, 5, 
6). In the present experiments, driving the boat around 
the cage at distances of lo-20 m also had no detectable 
effect on hatchling orientation. 

When released into the cage, harnessed hatchlings often 
dove or circled for their first few minutes in the water. 
After 2-5 min, nearly every hatchling established an es- 
sentially constant swimming course from which it only 
occasionally deviated. Once a turtle settled on its course 
(or 6 min elapsed), its orientation was determined once 
each minute for five minutes with a sighting compass. 
These five readings were used to calculate the mean angle 
and vector length for each hatchling, following standard 
procedures for circular statistics (7). 

Hatchlings consistently oriented into approaching 
waves in all experiments, regardless of distance from shore. 
Data from two different green turtle experiments, in which 
waves approached from nearly opposite directions, are 
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Figure I. Re\ ults o/ field c~,~perrment.\ with the /looting cuge (A) The ,floutw~g 
orimtution c’ugc~. <globe, and tethered twtke The cage wa.s comtnrcted o/‘e;ght equal 
1ength.v oj’PVC prpe (5 cm dmmeter) /irsed end to end tojimn on octugonal fiumr 
I. I2 m in diameter The /Iamc //oared in the wutcr so /ho/ only crbout I cm o/ ifs 
upper .xr~fucc WI Y exposed Sioinless .steel .supports converged on a haseplu~c 25 cm 
below the water. The hutchling was tethered to CI huo.vunt glohc unchored to the 
ha.seplute hy u thin, nylon line The trrr~le weld thus .swim in uny dfrection. while 
murkingv on /he globe cnahled ohservrr,s in a neurl).v hoot to momfor i/s swimming 
orientation The hottom oj’thc ugr wu.s encu.sed tn o mesh nd to cwlrrde predutors 
A detailed description o/ the,/louttng cage IS provided rlvewhrre (6). 

(8) Res~tl/.~ ,/iom on exprnmmt with green ~rrrtle hatch1ing.r in whxh MXM~.S ap- 
prouched /&I approximately north. ‘l%e runge of wuve drrewons during the ex- 
perimrnt is indicated hv marks outside the edge ofthe circle. The mean angle o/ 
orienturion,/ir each hatchling is rndicatrd by u line originuting of the circle center 
(7). Line length is proportional 10 mean vector length, with u line reaching the edge 
o/‘/he c~rrcle c’orrc~.~pondmg to I = 1. Long lines thus mdicate consi.ttent orientatton 
towrd u single directron throughout the tut period, shorter line5 indicate more 
d~rwtwxd vuriubihty. F and I vahre.~ were culculutrd with the Ilotellmg tert (7). 
The mean angle of‘thr group (a) IS rndxuted hy the Iurge u-row outside ofthe circle. 
The coastline was approximately parallel to a line defined hy the 343”-163” axis 
(we.stward, or 10 the leji) but was not ws~ble because we were 28-30 km JLom shore. 

(C) A second experrmeni with green tur~le,~ m which wave.s approached ,from 
approximately southeast. Conventions (1s m (8). 

(0) Summary of!hejvegreen turtle andfive leatherhack orientation experrments 
conducted 2.0-30.0 km Jrom shore. Orientatwn of’ each hatchling is plotted a.~ a 
function ofdirection of wave approach during the WSI. Direction of wave approach 
was defined (IS the mean direction ofpropagation .fi~i,r all wave typa present One 
or more of three wave types (swell.~, waves, and wind ripples) were present in all 
trials. Oceanic swel1.s are generated by prevailing winds over large expanses of water 
rn the open ocean; near Fort Pierce, swells conwtently approach .from 70"-140" 

shown in Figures 1B and C. These results are represen- 
tative of responses shown by both species. The orientation 
angles of all hatchlings are plotted as a function of wave 
approach direction in Figure ID. Jupp-Mardia circle-circle 
correlation analysis (7) indicated that wave direction and 
hatchling orientation were significantly (P < 0.001 for 
each species) related. 

None of the hatchlings used in these experiments 
crawled across the beach; all were taken directly from the 
nest to the testing site. Thus, turtles can clearly orient in 
the ocean without crawl experience. But hatchlings might 
still acquire directional information during the crawl that 
could alter their orientation while swimming. Turtles with 
crawl experience, for example, might use different ori- 
entation cues than those released offshore without a crawl, 
or the two groups might use the same guideposts in dif- 
ferent ways. 

To examine these possibilities, hatchlings with and 
without beach crawl experience were tested offshore in 
the floating cage on the night of their expected emergence. 
Hatchlings were removed from nests before sunset and 
placed into one of two Styrofoam boxes. After sunset both 
boxes were transported to a nesting beach. The hatchlings 
in one box were released on dry sand at distances of lo- 
20 m from the edge of the water. They were permitted to 
crawl to the wet sand at the edge of the wave wash zone, 
then retrieved and placed into Styrofoam coolers. The lid 
of the second box was removed during the time the first 
group was crawling, so that the turtles inside could crawl 
in the box with a view of the sky. Thus, turtles in both 
groups crawled, but only one group crawled across the 
beach. 

The orientation of hatchlings with and without a beach 
crawl was statistically indistinguishable for both green 
turtles (Fig. 2A-B; Watson test, U2 = 0.097, P > 0.20) 
and for leatherbacks (Fig. 2C-D; U2 = 0.045, P > 0.20). 
Nearly all of the turtles swam in the general direction of 
approaching waves, suggesting that hatchlings released 

(IS<) drrnng the .s~onmer and ore /urge/y unu//ected /)y weather conditions near 

lurid W’uw genetared t>v local wind potterm were ofien pre.wnt and usuall.v moved 
in drrections timilar (within NO”) to those o/ .well.s. A .f& mim1te.s a/ter abrupt 
changc:cc in wind direction, wind rippley I-5 cm rn height tracked the new wind 
direction. whde larger “old” M~UWS contrnued to truck the previous wind direction 
No triu1.s were conducted under .F/OIM,V conditions when the variou.s wave type.7 could 
not he cleurlv revolved or when waves (or .w~ell.s) exceeded 1.5 m in height. The 

direction ofeach wave type was measured easily hy sighting down the axis qf wave 
propagation with a digital hand-hearmg Autohelm’” compass. Because ti’e had no 
a priori reason to consider one wove type more important than another, we c&doted 
a mean direction ofwave approach Jtir this study. However, hatchlings may actually 
orient only to the largest waves present (regardless oftype) while ignoring the othem. 
For a detailed discussion of wove types, see (10). 

Circle-err& correlatron analysis (7) indicated that direction qf wave approach 
and hatchling orientalion were significantly related (see teaa). There was no evidence 
that re.~pon.w varied with distanwfiom shore. 
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offshore orient toward waves regardless of whether they 
first experienced a beach crawl. 

To study the relationship between turtle orientation 
and waves more rigorously, we monitored the orientation 
of hatchlings swimming in a wave tank. Under dim light, 
each turtle was tethered to a central post (made of nylon 
fishing line strung vertically from the bottom of the tank 
to a rod across the top). Thus, hatchlings could swim in 
any direction in the wave tank but could not contact the 
sides. 

All lights were then turned off except for a single in- 
frared source [a Kodak darkroom light with a 40 W bulb 
covered by an Edmunds infrared transmitting filter 
(#8247-29-l)]. After a 5-min acclimation period, an ob- 
server using a night vision scope recorded the orientation 
of each hatchling at 30-s intervals for 5 min; these mea- 
surements were used to calculate the mean angle and vec- 
tor for each turtle (7). One group of hatchlings (for each 
species) was tested with the wave tank motor off so that 

no waves were generated and the room was silent. A sec- 
ond group was tested with the motor running but the 
drive disconnected so that hatchlings were exposed to 
motor sounds and vibrations, but not to waves. The third 
group was tested with the motor on and the drive engaged 
so that waves were generated. 

Results for green turtles and leatherbacks were quali- 
tatively identical. Neither species was significantly oriented 
in the absence of waves (Fig. 3). When waves were present, 
however, the hatchlings oriented toward the direction of 
wave approach (Fig. 3). These experiments confirmed that 
hatchling sea turtles can use waves as an orientation cue, 
even in the absence of visible light. 

Our results suggest that sea turtle hatchlings sequentially 
employ two separate orientation systems, each based on 
different cues. While on the beach, hatchlings find the sea 
by seeking out bright, open horizons ( 1,2). Our field and 
wave tank experiments provide evidence that hatchlings 
released in the ocean orient by swimming toward waves. 
Because sea-finding orientation is not a prerequisite for 
wave orientation, the land and sea orientation systems 
can function independently. 

Our results do not demonstrate, however, that the two 
systems never interact under natural conditions. Imme- 
diately after entering the sea, for example, hatchlings 
might use visual cues to establish an offshore course. Later, 
when visual contact with land is lost, hatchlings could 
maintain their orientation by swimming at a fixed angle 
relative to waves. Visual cues experienced during either 
the beach crawl or near land might also be critical for 
hatchlings that emerge on nesting beaches surrounded by 
exceedingly calm seas. Additional experiments are re- 
quired to determine whether the land and sea orientation 
systems are completely independent under all conditions, 
or if they interact in some way as hatchlings migrate away 
from land. 

During daylight hours, especially near shore, local winds 
can generate waves which induce hatchlings to swim in 
directions other than directly offshore (Fig. 1 D) However, 
Florida sea turtle hatchlings nearly always emerge from 
nests and enter the sea shortly after dark (8, 9). Oceanic 
swells, produced by prevailing easterly winds, are the 
prevalent waves during this time (10). The swells move 
toward the Florida coast, where the propagation direction 
becomes oriented perpendicular to the shore as waves en- 
ter shallow water and approach a beach (11). Wave prop- 
agation direction thus provides a consistent, reliable cue 
for offshore orientation during the time hatchlings usually 
enter the ocean. 

Several marine molluscs ( 12, 13) and crustaceans (14, 
15) can orient using waves or wave surge in shallow water 
near shore. Sea turtle hatchlings, however, continued to 
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Figure 3. Results of the wuve tank expewnents. (A) Re.wlts of green turtle hatchlings. (B) Results qf leatherhack hatch/&s. 
AN conventions ,/allow those in Fi&wrr 2A For each specirP, “Silence” indicates results of hatchlings tested with the wave 
tank motor of: “Motor” rndicutm the motor was on hut the drive was dimwznected so no wawr were produced. “Wuves” 
indicates rewlts of hatchling.\ te.ysted when waw were venerated; wves approached from 0" (top of the diagram) Each 
species wus signijmntly orirn/rd only when waves wew present The mean angles of the two wave groups (far rrght, upper 
and lowr) were directed ulmost straight towrd the direction of wave upprouch. 

WAVE TANK, The wave funk. /outed at the Florida Institute of Technologv in Melbourne, Florldu, M’US 9 I m in length, 

0.9 II) high, und 0.6 m in width. It wa,sfilled waith water to u depth ql’O.5 m. A paddle at one end was driven hy a DC motor. 
A sloping plywood plu//iwm 4.9 m in length at the opposrte end uhsorhed wave ener,,y and minimized wave rrfiection. 

Hutchling.~ were /ethered (ver te.rt) so th0.v could ,\wim in any direction while an oh.scrver w’utchvd wrth u night viswn scope 
through u circulur openmx m a styro/ium sheet wdged across the top of the tank. The .styrojbn was marked in 5” increments, 
providing a re/ercncc jar dctcrmining orientation ‘Throughout the experiment.~ wc crl/emated hctwen tnul.\ under the three 
treutments dewrihrd m /he tex/ (.silrnce motor, wuvc$ in semi-rundom order (blocks o/ I-3 triul,s under one condilwn wre 
/i)llowed hy swmlur blocks rftrru1.s under the other two con&ions). Each hatchlinK wu.s tested only once under one of the 
three condition.\. 

swim toward waves even when out of sight of land (beyond 
about 18 km from shore), indicating that wave propaga- 
tion direction can be used by animals as a cue for ori- 
entation in the open ocean. This cue might well be used 
by other long-distance ocean migrants such as fish and 
cetaceans. 

The responses of the hatchlings reported here must be 
viewed as the earliest manifestations of a sophisticated 
orientation system, one that allows these animals as adults 
to complete migrations between nesting sites and feeding 
grounds located hundreds or thousands of kilometers 
apart ( 16, 17). Further ontogenetic analysis may provide 

insight into how an orientation system that initially guides 
hatchlings offshore develops into one that provides adults 
with the ability to complete complex navigational tasks. 
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