Reterence: Biol Bl 179: 214218 (October, 19903

FFunctional Autonomy of Land and Sea Orientation
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Sea turtle hatchlings emerge from underground nests
on oceanic beaches and immediately confront two sepa-
rate problems m oricntation, First they must locate the
accan and crawl 1o it; then they must arient oftshore while
they swim out 1o sea in a migration lasting several days.

Visual cues guide hatchlings from the nest to the sea
(1. 2). but Inele s known about the cues used by turtles
in the ocean. Nevertheless, the erawl across the beach has
long been considered essential to swimming orientation
beeavse hatchiings released offshore without a crawl re-
portedly fail to orient seaward (3. 4). Here we report that
hatchhng teatherback (Dermochelys coriaeea) and green
(Chelonia mydas) sea turtles released offshore consistently
swam toward approaching waves and occanic swells,
Wave tank experiments confirmed that swimming hateh-
lings oriented mlo waves. A crawl across the beach was
1ot a prerequisite for wave orientation in cither the field
or lab, indicating that hatchling sea turtles possess two
separate orientation syslems, each based on different sen-
sory cues and capable of functioning autonomously. The
first guides hatchlings on land 1o the sea; the second, based
on wave detection, functions during the ccean migration,

In five field experiments with green turties and five oth-
ers with leatherbacks, we monitored the swimming ori-
enlation of hatchlings released at various distances ofl-
shore near Fort Picree, 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 deposiled on
beaches in the Fort Pierce arca. Nests were checked daily
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until a depression formed above the epgs (indicating the
eggs had hatched and an emergence would probably occur
thit evening). We then carefully dug in the sand and re-
moved hatehlings, placed them into styrofoam boxes, and
transported them by motorboat to testing sites 2.0-30.0
km oflshore, All turties were tested and released within
48 h of capiure.

Fach turtle was placed into a nylon-lycra harness (5}
tied by a short line to the side of a spherical, hatf-sub-
merged floating buoy (Fig. 1A). The buoy was attached
by another line to the submerged center of a Aoating cage
(Fig. 1A). Bwimming hatchlings exerted suflicient 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 hatehlings do not change course
or alter their behavior in response (o nearby boats (3, 5,
6). In the present experiments, driviag the beat around
the cage at distances of $0-20 m also had no detectabie
effect on hatchling orientation.

When released into the cage, harnessed hatchlings ofien
dove or circled for their first few minuvies in the water.
After 2-5 min, nearly cvery hatchling established an es-
sentially constant swimming course from which it only
occasionally deviated. Once a turtle settled on its course
{or 6 min clapsed), its orentation was determined once
cach minute for five minutes with a sighting compass.
These five readings were usced 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 twe diffcrent green turtle experiments, in which
waves approached from nearly opposite directions, arc
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Figure 1. Resolts o fichd expertopenis wirl the fhoating cuge, £ T foseing
eergantintfonn cotse, gl el petfrecod seide. Phe cage wa conatenicted of civlne vgred
femgtlos ot PV pripe (3 o :’hil’!]‘f('{":‘f}_ﬁl\'f'{]’ crtel Fev eined o faret an octegonal frnne
F 32w in diameies. The frame foated i the woiee so that oudy abont 1 om of i
wppee sterfece wos exmeied Stinfess seecd stppnts convereed anba Basepdone 2% onr
Folow the water, The farctding wes wthenad o o brovand glole aichored 1o the
Sarsepdete By s e, o feve The terthe coubd e swing in iy dinection, whide
merrk frgs ot phes glode eircblod edeervers fre e nearby Pt Gy osiitor 5 swinmiing
erfontation. The Botrost of B coge woes cicased (8 mresh net v exolude predaries,
A dvtaifed descripiion of the foating cage is provided eiewlere (6.

fB; Rusilts from an experisient with green usile hotehfinge i witich waves ap-
prouched from appeaximenly sorh, The range of wave directions during the ex-

periment s fndicated by parks uniside the edie of the circle, The mean angde of

arieataion for cach hatchling is indicated fre a lee originating at the circle comer
(3. Line feagth is pregrtionad g meast veotor leagth, with o line reaching the edye
of the cirele correspoiding tor = 1 Loty Bees s indicale comvisiens arfengadfon
fewvard o single direction Seotgghoor e test perfod: vhorter Ynes fndicate more
dircotional variahifity F and ¢ ocalues were cafordated with tre Hotefing fest (7).
Fie sean angle of the group (o s indivared By W farge areiwe antside of te ciecfe
The coastfine was approximaiely paraflel o g tive defined by the 3143°-163° axis
fwestwvard, or te the fofi) bt was not visitde becowse we wore 28- 30 ki from shore.

{03 A second experiptent with groen turtlos in which waves appeeached from
é:;apm.w'mém"{i' sentheatt. Conventions as in (B}

(D} Sununary of the five provi Getle aiid fove beathoriock ovigaiation experidients
centadncied 20-30.0 fon from sbore. Ovicntation of ewch Tnitching is plotsed as o
Suncriun of direction of wave approaclt durimg the test. Direction of wave approach
wars difiried ay the pean dircction of propageation for eff wave fypes preset. One
or mare of e wave Bypes fswells, waves, and wised ripples) were present in alt
trieds. Qevanic swells wre generited by prevaifing winds over furge eapemios of waler
fir the open swvean: qear Forg Pleece, swelfy consistenriv appragch frone 7801407

shown in Figures 1B and C. These results are represen-
tative of responses shown by both species. The onentation
angles of alf hatchlings are plotted as a function of wave
approach direction in Tigure 1D, Jupp-Mardia circle-circle
correlation analysis (73 indicated that wave direction and
hatchling orientation were sigaificantly (# < 0.001 for
each species) related.

None of the hatchlings used in these experimoents
crawled across the beach; all were taken directly from the
nest 1o the testing site. Thus, turttes can clearly orient in
the ocean without craw] experieace. But hatchiings might
still acguire 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 oftshore without 4 crawl,
or the two groups might use the same guideposts in dil-
ferent ways. '

Te examine these possibilities. hatchlings with and
withoutl beach crawt experience were tested oftshore n
the floating cage on the might of their expected emergence.
Hatchiings were removed from nests before sunset and
placed into one of two styrotoam boxes, After sunset both
boxes were transported £o a nesting beach, The hatehlings
in one box were released on dry sand at distances of 10-
20 m from the edge of the water, FThey were permitied 10
craw} to the wet sand at the edge of the wave wash zone,
then retricved and placed into styrotoam coolers. The hid
ol the second box was removed during the time the fisst
group was crawling, so that the turties inside could graw]
in the box with a view of the sky. Thus, turtles n both
groups crawled, but only one group crawled across the
beach. '

The ortentation ol hatchlings with and without a beach
crawl was statistically indistinguishable for both green

and for jcatherbacks (Fig. 20-1D: U7 = 0.045, P> 0.20).
Nearly all of the turtles swam in the general direction of
approaching waves, suggesting that hatchlings released

(ESEY during the saonmer aard ave foreely wnafiicied By weartfier conditions sear

firsred Woipvew peaerated b el wind patiterem seere oflen preseit dind winiedfy sooed
in dircotions sisifar fwithin 8074 o sy i awelfy A few mingres gffer abripd
chanees in wind direction, sk ripples 1-3 con in height tracked e new wind
dircotion, white farger old” waves vontinued to brck the peevions wind direction.
Notriedy woee conducted wider storsry couditions when the vacdons wave tepes confld
nirt be deardy resolved or whea saves for swellst exceeded 1.3 o1 in height. The
direction of each wave fipe was meastired casily b sighting deown the axis of wave
propagution with o dieitaf ond-boaring Ngobeln?™ compass. Breanse we fad no
A PIODT Fedson e considie ane wive Ly snarre intportant thr arother, we colfolved
& mgan direction of wave approach for this siudy. Hinvever. harcldings may actiadly
orivnd ondy fo the fargest waves present frogardfess of lvped whife ignaring the others.
For et deraifed discussion of wave vpes. see {1, .

Circlevische caarredution etrtarfysis (7) fadicatod rhat divecrion of wave approosch
ested Berohting orivntitivg wese sigatifreantly rebited fore fe. There was ao evidenee
shint respearees varied with distance froon shone



216 K. 3 LOHMANN 27 41,

NO CRAWL

@ Fan = 426
< 0.001

270

D. coriacea
CRAWL

MO CRAWL

Fzz = 164.5
p < 0.007

Figure 2. Revalti of effshore arronatime expresinneas with freatciling fhron froned

watied Fneed ruist ceesibed doeens o Feacdl prioe o fesding
F 1y Besredes of wreen sierthe freate fedinmes thatt cranded aurens the Poach fnaer cirde

Friekroatens Fvafire of B3 donter Circfo siffeerrespeands o — I 1 endier conventinons

irs i Freee TR Moan angle for the growp is LA
B Rewdts of green weele bateffones deprived of o beach ‘rruu’ [ RVCHT R
o Frupre 20 Mean ansie fw dhe gronp i 1ne

(€5 Rosidts of foashorbaek fnachtimes that orawled woeens the frevcke, Compevition
av iz Frepre 20 Miwn e for te prings = 1297

(3 Redts of featheebach Tapchifinge doproved of o beacl cren Crenventions oy
o Figeere 20 Mean mr.,h fevr phne swronepr = f 247

offshore orient toward waves regardless of whether they
first experienced a beach crawl.

To study the relationship between turtle orientation
and waves more rigorousty, we monitored the orientation
of haichlings swimming in a wave tank. Under dim light.
each turtie was tethered to a central post {made ol nylon
fishing line strung verticaily from the botiom of the tank
1o a rod across the top). Thus, haichlings 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 darkroem fight with a 40 W bulb
covered by an Edmunds infrared transmilting hiter
(#8247-29-1)]. After a 5-min acclimation period, an ob-
server using a night vision scope recorded the orientation
of each hatciling at 30-s intervais for 5 min; these mea-
surements were used to caleulate the ocan angle and vee-
tor for cach turtle (7). One group of haichlings (for each
species) was tested with the wave tank motor oft so that

fo waves were gepcrated and the room was sitent. A see-
ond group was tested with the motor runaning but the
drive disconnected so that halchlings were exposed to
motor sounds and vibrations, but not to waves. The third
group was tested with the motor on and the drive engaged
50 that waves were generated,

Results tor green turtles and teatherbacks were guali-
tatively identical. Neither species was significantly onented
in the absence of waves (Fig. 3). When waves were present,
however. the haichlings oriented towaret the direction of
wave approach (Fig. 3. These experiments confirmed that
hatchling sea turtles can use waves as an orientalion cue,
even in the absence of visible hight,

Our resulis suggest that sea turtle hatchlings sequentially
employ two separate aricniafion systems, cach based on
different cues. While on the beach, hatchlings find the sea
by sceking out brnght, open horizens (3. 2). Qur field and
wave tank experiments provide evidence that hatchlings
reteased in the ocean onent by swimming toward waves.
Because sea-finding orientation is not a prereguisite for
wave orientation, the land and sea onentation syslems
can function independently.

Our results do not demonstrate, however, that the two
systems never interact under natural conditions. fmme-
diately afier entering the sca, for example. haichlings
might use visual cues to establish an offshore course. Later,
when visual contact with land is lost. hatchiings couid
maintain their orientation by swimnming at a fixed angle
relative 1o woves. 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 jand and sea orientation
systems are compietely independent under atl conditions.
or if they interact in some way as hatchlings ngratc away
from land.

Duriiy daylight hours, cspecially near shore, locat winds
cuan generate waves which induce hatchlings to swimt in
directions other than divectly offshore (Fig. 1) However,
Florida sea turtic hatchlings nearly aiways 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 Fiorida coast, where the propagation dircction
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 usuaily
enler the ocean. '

Several marine molluses {12, £3) and crustaceans (14,
15) can orent USIng Waves Or wave surge in shallow water
near shore. Sea turile hatchlings, however, continued to
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swim toward waves even when out of sight of land {beyvond
about 18 km fram shore), indicating that wave propaga-
tion direction can be used by anmimals as a cue for oni-
eatation in the open occan. This cue might well be used
by other long-distance ocean miigrangs such as Ash and
cetaceans.

The responses of the hatchlings reparted here must be
viewed as the carliest mamfestations of a sophisticated
orentation systeny, one that allows these animals as adults
(o compicte migrations between aesting sites and feeding
grounds located hundreds or thousands of kitometers
apart (16, 17). Further ontogenetic analysis may provide

insight into how an orientation system that imitially guides
hatchlings oflshore develops into onc that provides adults
with the ability to compiete complex navigational tasks.

Acknowledginents

We thank M. Flaherty, J. Norton, and 'F. H. Frazzetia
for technical assistance, B, Dally and the Florida Institute
ol Technology for the use of the wave tank, 12 Marlin
and R Ernest for localing turtle nests, C. M. F. Lohmaan
for crittcally reading the manuseript, and the Harbor
RBranch Oceanographic Institation Tor providing fab and



218

tank space. Supported by NHH grant MH18412-01 {post-
doctoral training grant, Univ. of Ilinois) and NSF grant

BNS-87-07173. Rescarch was l:(_)nduclcd uncter Florida

PINR special permut TP 073,

et

LA

. Limpus, C. 1971,
. Frick, J. 1974.
. MErasovsky, MO 1983,

. Sabtmor, M., and J. Wyneken, 1987,

1

. Batschele, E. 198}

. Bustard, B, 1973,

Literature Cited

. Mrosovsky, N. 1978, Oricatation mechoanisms of manne turtes.

p. 413-419 in Anpngl Migration, Novigation, and Howing, K.
Schaidi-Koenig and W, 7. Kecton, eds. Springer-Vertag, Bertin.
Sca tertle ocean finding behaviour, Sewrch 2(HI):
IRS-347.

Orientalion and behaviour of hatehling green sea
togtles (Chofonia iydas) in the sca. sAninme Behav, 24 849-857,
Conyerviag Sea Turtfes. British Herpelolog-
ieal Socicty. London.

Cricnlation aad swimnting
bebavior of kachling loggeshead wielles Caretta caretta 1 during
their olffshore migration. J. Fvp, Mar. Biol Feol 109 137153,
Salmen, AL, and K. F. Lobnana, 1984, Orienlstion cues wsed by
hatchling logeerhead sea tartbes {Carerta carctier 1) duning teir oft-
share migration. Fefofogr 832 2132728,

Crondor Stentisiios in Biclogy, Academic Pross,
jondon.

Sea Trrttes Netirad Flistory cond Conservadfon,
Faplinger Publ, New York.

K. L EOHMANN

9.

. Bascom, W, 1950,
“Mew York,
. Deany, MW, J98R.

. Gendrom, R, B 1977.

. Hamilton, P. V., and 8. .). Russebl, 1982,

. Waltan, A, and W, Tlerrnkind, 1977,

o Cuarr, AL 965,

CCarr, AL 19RS.

BT Af

Demammer, RV The Hatching and Energence of Logeerhiead
Furdle (Caretta careita) latelings. M.S. thesis, Univ, Central Flor-
ida, Orlando, Florids. -

Haves and Beaches. Anchor Press Doubloday,

Bivlogy wid the Mechanics of the Wave-Swepr
Fuvirament. Princelon University Press, Princeton, New Jemsey,
Habilat sefection and migratory behaviour
of the inferlida] gastropod fierine fittorea (1), J. Anim. Feol 46:
79-92,

Ficld experiments on
the sense organs and divectional cues involved in olfshore-oricated
swimming by Aplvsia brasificons (Rang) (Molusca: Gastropoda). .
Fxp Muar. Biod Ecof 56: 123143,

Fiydrody namic orieniation
ol spiny lobster. Pamdirnes argres (Crostacea: Palinuridiae): wave surge
and unidirectional carrents, Procecdings of the Annual Northeastern
Mig. of the Animal Behavior Soc. 1977 Plenary Papers. Memonal
Lhriversity of Newloundiand, Manne Soi Bes. Lab, Tech, Report
No, 2y 1§4-211

Nishimote, R. T., and W F. Herrnkind., 1978 Directional ori-
calation in blue crabs, Collinectes sapldns Rathburn: escape e-
sponses and influence of wave ditecton. J. Exp Mar., Biol. Feol,
RES RSN R

The navigation of the green turife, Sod e 2IEHS)
TR-R6.

The Sea Turite So fveeffent @ Fishe, Linversity
of Texas Press. Austin,



