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SITE FIXITY IN THE CARIBBEAN GREEN TURTLE!
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Abwirace. Although tngped green turbes Ul refurn to Torfugnero Beach to nest show
defbidee site fxity, their site discrimination is nol absohie. The modol distance between sic
versive reiurns, whether after the Z-week internesting period of o given senson or after the

-

I of 3-veur remigrndion infervol bolween nedting sensons, i3 2 km; average separation of

retinrn points is 1.2 km. Tn view of the steady reworking of the Tortugoere foreshore by wind,
wives, and longshore currents, it sems unlikely that olfaction could be an important coe in
Tnndfall and nest-site discrimination, and this new delimitation of the homing poal reinforoes
that belief, The straying of nesling females as far as 7 km from previous nesting sites SNEREsls
how colony proliferation may occor. No Tortuguero turthe hos ever been found nesting on

any other shore.

One difficulty hindering explanation of the long-
distance navigation of animals is to conceive an oper-
ational relafion beiween the long-range guidance
process and the final exact destination of the success-
ful journey, To think of a migrating animal as striv-
ing toward a distant bome locality, set like & bea-
con in the distance, hinders interpretation of the
oTienting process,

Mevertheless, ns o separate discriminatory pro.

cess, poal recognition oxists, and in some ChASCS re-
mains a5 poorly understood a5 the long-range navi-
gation mechanism itself. In the ease of the green
trtle, Chelonin eydax, although tag reiurns have
confirmed the existence of a sirong homing drive and
site discrimination (alrcady implicit in the tendency
to converge from different distont feeding groumds
at nesting lime) the character and boundaries of the
individual goals of the migrants have remained
vague, Where the nesting ground & o cluster of small
islands, the females tend to return to the =ame sland
for consccutive meatings {Hendrickson 19583, Al
Adcension Isinnd in the South Adantic, the nesfing
ground i o seres of crescentic beaches in litle coves
separated from ong another by rocky promontories,
There, both the turtles on migration from Brazil, and
those renesting during a single season, go back to the
same cove fo nest (Carr and Hirth 1962, Carr, i
preas). When a nesting aggregation occurs on a fare
af less homopgeneous mainland beach, as at Tortu-
guere on the Caribbean Coast of Costa Rica, the
emergences might be expected to scatter at random,
This is not the case, The nesting beach there is about
22 miles (ahout 35 km) of shore between the mouths
of bwo rivers, Rid Torluguero on the north and R.
Revenlazdn ot the southern end. When our tagoing
program began there in 1955 it was the belief of
the bocal professional turile-turners that the homing
' Research supported by the National Science Foundn-
tiom, the (MTce of Maval Research, and the Caribbean
Comservation Corporation, (Manuscript received Tuly 22,
1971; nccepted October 16, 1971.)

goal of o nesting turtle was some particular “spot”
on the beach, and that if a person retusned about 12
nights after he had seen a turtle nesting, he would
see the same turtle come ashore again at sxaetly the
same place. This belief is likewise inaccurate. Tho
goal of the individual Tortuguero turtle has proved
to be at once more generalized than a “spot™ on the
beach, and much more restricted than simply the
whole 22-mile rookery shore, Carr and Ogren ( 1960)
found the usual spatial interval betweon successive
nestings o be Y- mile (.4 km~1.2 km), and siw
no temdency for swccessive return-intervals 10 widen
as time passed. Now, 11 years later, we have accu-
mulated enough records of consecutive returns by
remigrants {females returning on their successive
seisonnl migrations) and by rencsters {turthes that
repeatedly return during o given season) to justify
a reassessment of sife tenacity in this populition and
at least to sugpest what the houndaries of the hom-
iy goal arc.

The sample is somewhat bissed by the cut-off ol
mile 5 (km B), south of which tagging has heen
only sporadic, Mevertheless, most of the females thar
nest on the northernmost 8 km of beach have clearly
citrried out all their consecutive nestings there, und
the figures thus hove considerable quantitative value,
Az Table 1 shows, the mean scparation for all con-
secutive returns by individoal females to our B-Em
research beach, for the period 1956-69, 15 1.4 km,
and the mode is .2 km, There is close agreement
between nest-site intervaks for the 12-day renesting
returns and those for remigrant wriles refurning after
the I-year or 3-year cycle-period characteristic of
the Tortuguere brecding colony (Carr and Carr
19700, The remigration interval 5 measured as the
distance between the average positions of the series of
rencsting intervals for the two successive scasons at
the beach. In Table 2 all recorded nesting emergences
of three individual turtles are shown.

In the effort to visualize the goal o which a nest-
ing gresn turtle returns, a possible clue would be
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Tamii 1. Distnnces b 2k {Veemile) units belween sccesive pesling energences of preen furiles st Toarldgisand,
Costn Rics, As the lerm is used here, u repfzrant is a female that returns 1o nest afler an aleence of 2 or 3 yeurs,
A renesier 18 a furlle that returns for one or more soccessive nesimgs dorlng & single ssason, The remigration
imterval is mensured ns the distance between nverage rencstng poablions

Mumber of Stinhurc Btwnabard
tnalividumls Mean Made Ranpe dizwintion crror
Renceiers, 106270 200 7.57 1 0-30 7.07% 0.41%
Remlgrants, 1967-70 181 6.60 1 0-34 E7r. DwE
Coambined reneslers ik
and remiprants, 1967=T0 467 719 | =35 699 b, 54

TasLe 2. Renssting and remigradion sites of three Tor-
fuguern preen turilea, o show repressntative individual
slie-tenacity records. Turibe no. $162 remigrated afier
one Z-year imterval; no. 3071 afier n G-year inferwal;
and oo, 31ER after fwo succesive 3-vear intervals, The
negling beach is marked off I Yh-mile {2-km,) see-
tlons, bepinning at the nortsern end, The mumber in
ihe “Mile marker” colamn represents the marker bo-
cated just o the nordh of the nest involved. Mo fortle
tagged at Tortuguero has ever been found nesting on
any other beach, and none has ever nesied there in con-
geculive seasons

—

Pl
Turtle no. Year Dhabe marker
Jigs 1568 B Aupust 158
22 Augist T 58

o cmiber 158

1970 31 July 158

13 Aupust 1 378

24 Aupguost 14'8

4 Spplenler 1 4/8

]| 1964 24 July 248
5 Aupust 128

15 Augus 1 28

3 Sepember 1 /'8

13 Seplember I 4&{R

1M 13 Auvpusi i 7/8

2 Seprember I 48

12 Beptember I &R

1188 1964 10 Auvpust | -Iﬁﬂ
23 Aginad | 2/R

1Y %; Auuuatw 1 g::g

198 4 September 21/8

15 Beptember 14/8

clumping of the nesis along the nesting shore, and
any consonance of this general clumping with dis-
cernible physical features of the shore. Mest-track
tallics along the Caribbean Coast of Central America
reveal an abrupt concentration of nesting on Tor-
tuguere beath. The whole rookery is therefore a
clump—and one for which no satisfactory explana-
tion has been proposed, because there are hundreds
of miles of similar-looking coast both to the north
and to the south of Tortuguero, When frack counts
are plotied within this streich of shore, inférnal
clumping is cleardy revealed, One peak occurs in
miost seasons al @ point about .6 km south of Tor-

tuguero Bar, another 6.4 km—8.0 km to the south,
and another, by far the stronpest, at about km 18
down the shore, So far, we see no clear explanation
for either the masing af the rookery beach as a
whole or for these three peaks of nesting frequency.
Clumping on the norhernmost 5 km section of Tor-
tuguero, where continuous site records have been
kept for yoars, is shown in Fig, 1 and 2,

A more fine-scaled clumping of nest sites appenrs
to oceur on shorter seclions of beach, which, though
they vary topographically from seasom to season, are,
on the whole, known to the tagging crews as the best
places to find turtles quickly on any given ni'gl'lt. 1
is probable that if the exact position of every nest on
any given 1-km section of the shore were kept, con-
sistent clomping, which might or might not shift in
position throwgh short periods of time, would be
revealed.

When nestings converge in both apace and time,
the arrival of schools of turtlea that have either frav-
eled together from the feeding pround or pathered
in bands during intervals between nesting emergences
might be suspected. When the clumiping B nonsyn-
chronous, however, its enuise should be looked for in
cither shore topography or hydrolegic features, In
cither case, there is the likelihood that the factors
responsible for the clumping are likewise the sibe-
diserimination cues used by the individual female,
and that she wenl ashore there on her first visig
bocause of imprinted responses from her hatchling
days, It is hard to see what features of o shost streich
of ocean beach might repeatedly bring a turtle back
i jt—after her 12-doy internesting intervals, after
her 2- or 3-year remigration absences, and presum-
ably also after the & years it takes her to reach sexual
maturity and return for a fiest nesting at the place
where she hatched and first entered the sea, When
the accumulated records define the modal home
gite as o 20-m section of sandy beach that 5 con-
stantly being resurfaced by winds and waves, which
changes in profile as shore vegetation grows or dies
down, and which is sporadically remodeled by storm
seps, the goal in the mind of the turtle becomes as
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DISTANCE ™ 3 MILE {402 METER) LMITS

Fra. 1, Locafion fo the nearest Y mile (4 km) of the nesting sdtes of 4,002 precn turiles
recorded on Toruguero Beach, from 1960 through 1970, The rero point on the disinnce scale
represents the month of Tortuguero River at the northern end of the nesting beach. The todal
span is about 5 miles (8 km),

clusive a concept as her high-seas navigation mech- thought of as merely a fortunate defiect in the hered-

anism has proved to be.

The advantages of site fixity are obvious. Gioing
back to o naotal site to breed enables o turtle both to
retain a favorable nesting place and to join a repro-
ductive aggregation that will bring the scxes together
after the long trip from the distant pasture grounds,
AL the same time, some mechanism for colony pro-
liferation must be built into the system, Even the
limited sort of nest-site tenacily that our daty show
makes one wonder how new breeding colonies could
form. In the behavioral ecology of nesting, as in any
biclogical process, a balance belween conservative
and diversifying factors seems essential, The range
of returns in Table | appears lo show such interplay.
The 35-unit intervals in the record suggest the kind
of variation that might result in the occasional estah-
lishing of new nesting colonies. Even though both are
advantageous, it Is not clear how site fixity and a
pioneering fendency based on a breakdown of site
fixity could be built into a species by natural selec-
tion, but perhaps the wandering tendency can be

itary homing drive or mechanism.

That imprinting of hatchlings s actually the fun.
damental factor in site fixity seems corroborated by
the gap in nesting emergences at mile 3, in front of
the village, as shown in Fig. 1 and 2. The foreshore
there is in no superficial way different from adjacent
scotions on which heavy nesting oceurs. This imme-
diately suggests that the presence of people and their
thatched cabins scattered along the coco-palm fringe
are responsible for the gap. Of the two ways in which
people might produce it, one would be by dircctly
scaring turtles away. The other would be by killing
off turtles with the imprinted tendency to return there
to nest, which obviously would steadily reduce the
numbers of hatchlings that took that trabt away with
them. OF the two possibilities, the second seems the
more reasonshle. Observations indicate that turiles
are not scared away by thatched cabins placed back
among trees, unless these are brightly liphted, At
Tortuguero there have been no bright lights along
the shore untll the past 2 years, and 21l lights there
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DISTANCE IN § MILE
Fro, 2. Location to the nearest b8 mile (2 km), by

ARCHIE CARR AMD MARIORIE H, CARR

Feology, Vol, 53, Mo, 3

el

3

=%

L

e
i
gy f

T Tee e

e

0=y

(201 METER) UNITS
year, of the nest sites of preen fortles nf Torupuero,

Comn Ricn, from 1965 through 1970, The zero on the distance scale represenis the mouwith of the Toriuguero
River at the nonbern end of the nesiing bench. The todal span is about 5 miles (8 km).

costomarily went out early in the evening, Howewver,
during the decades in which there was unrestricted
killing of turtles on Tortnguers beach, the hepviest
toll naturallf oceurred close to the settlement. Elim-
ingtion of females imprinted with the tendency to
return to that part of the shore o pest, combimed
with the concurrent reduction of imprinted hatchlings
i replace them, would inevitably delete from the
colomy that contingent with the imprinted fendency
to nest on that section of the shore.

The possible character of the impript involved
remaing a complete mystery, Koch, Carr, and Ehren-
feld (1969} posiulated a chemorcceptive component
for the mechanism goiding the Bragilinn turtles in
migrating b0 Ascension Island, and Carr {in press)
has shown how that theory might also apply in the
Tortuguero migration. In both these cases olfaction
was s2en as the preferable theoretical alternative o
the more complex adaptations requisite to any bi-
coordinate navigation sysiem. In both cases, the ol-
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factory cies would serve hoth in long-range puidance
atul in recognizing the general area of the rookery—
Ascension Island in the wesl-flowing Equatorial Cu-
rent, and Toduguere on a sirelch of shore bebween
smicll-gencrating strcam months, Onee the arca of
the breeding ground is reached, however, it is hard
to see how olfaction could possibly be the sense
involved in nest-site choice, because the specific smell
of that exact place & bound o change [rom scason
o season ax the sand surface is replaced or resorted
by wave-wash und storm waves. If this is indesd the
case, the “sand-smelling” behavior of turties on shore
(Carr and Ogren 1960) seems less likely i be an
olfactory process and more probably a tactile ap-
praisal. In neither case, however, would the hahit
appear to shed any light on landfall and nest-site dis-
crimination in Chelonia,
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