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INTRODUCTION

{“xCEPT FOR CASUAL REFERENCES (Carr and
[ugle, 1939; Carr and Ogren, 1959; Caldwell,
i"aer, and others, 1959) to some of its Andings,
no account of results of the green turtle in-
vestipation being carried out with MNational
Science Foundation support at Tortuguero,
("nstz Rica, has appeared in print since Carr
and Giovannell (1957} summarized informa-
rion from the first vear's work in 1955, While
we are still far from understanding the life
cyvele of the green turtle, even as it is lived by
the populations of the western Caribbean, the
advances that have been made, and the new
buisis for comparative interpretation that has
been furnished by the recent studies of Hen-
drickson (1958) and of Harrisson (1956) in the

China Sea, make the time seem propitious for
a summary of results to date.

The data and observations presented here
have come from a tagging program centered
upon the nesting colony of the green turtle at
Tortuguero, 50 miles north of the Caribbean
port of Limen, Costa Rica, and from field re-
connaissance and aerial surveys and tallies
throughout the Caribbean. Morphometric
data collected during the course of the study,
and miscellaneous additional observations,
will be published elsewhere, as will results of
some work with the hawkshill { Eretmeockelys),
thi:h also nests at Tortuguero in small num-

era,
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THE TORTUGUERO COLONY

RANGE IN SIZE IN MATURE FEMALE

THE wEsTING COLONY of the green turtle at
Taortuguero, representing populations evi-
dently recruited from throughout the western
Caribbean (see following section), comprises
mature females ranging in over-all length of
the shell {that is, the length in a straight line
from anteriormost to posteriormost projec-
tiona of the shell) between 27.25 and 46.25
inches, with an average, for 1146 individuals,
of 39.40 inches (see figs. 1 and 2). Carr and
Glovanneli {1957) found slight indication of
differential seasonal frequency of size groups
(see their fig. 8). Figures 3 and 4 of the pres-
ent paper similarly plot size against arbitrar-
ily delimited periods of time. Figure 3 shows
only that medium-sized turtles predominate
at all times of the season (except in the first
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period, when the sample is too small to show
anything). Figure 4, however, although also
based on an inadequate sample, seems to cor-
roborate the impression one gets, in going
from place to place and from week to week on
the nesting grounds, that size distribution is
weakly nodal, which is what would be ex-
pected in a nesting aggregation recruited from
widely separated points of origin, and with
some individuals or demes operating on a
three-year reproductive cycle (sea section on
Reproductive Cycle) and some on a two-vear
schedule,

A number of counts and measurements,
made during two or more years of the investi-
gation and to be published elsewhere, seem to
show no differential seasonal frequencies

32

INCGHES

Fi6. 1. Frequency of over-all shell lengths in mature female green tortles at Tortuguero,
Costa Riea, July, August, and September, 1956,
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Fiz, Z Frequency of aver-all shell lengths in mature female green turtles at Tortuguero,
Costa Rica, July, August, and September, 1957,

either during different vears or during differ-
ent parta of a single season. One trait alone
appeared to be seasonal in its frequency; that
was the two-year-versus-three-vear schedul-
ing of the nesting migration {see section on
Reproductive Cyele). Whether this repre-
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sents physiclogic divergence of peographically
isolated stocks, or endocrinclogical demes
within populations, or merely random waria-
tion in the Caribbean population as a whole
remaing to be determined.
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F16. 3. Periodic frequency of over-all shell lengths In mature fomale
green turtles at Tortuguero, Costa Rica, July—-Aungust, 1956,
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Fro. 4. Periodic frequency of over-all shell lengths in mature female
green turtles at Tortuguero, Costa Rica, July-fAuogust, 1957,

RECRUITMENT: INTERNATIONAL TAG RECOVERIES

When Carr and Giovannoli (1957) sum-
marized results of the tageing program of
1955 at Tortuguero, they had 10 interna-
tional recoveries, OF these, scven were from
the Miskito Cays area and three from Colon
FProvince, Panama—localities Iving, respec-
tively, to the north and to the south of the
tagring camp, and within distances of be-
tween 200 and 300 miles from it

Dwring the first season, it began to be ap-
parent that the shell tag in use was not
satisfactory. The scraping and scratching ac-
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tion of the male during the mating process
evidently made it impracticable to faster
anything to the shell of the female during
the courting and mating season, which
roughly eorresponds with the first halfl of the
nesting period. We did not realize this fully
until the end of the 1935 season, when soms
500 turtles had been tagged with the shell
plagques. Fortunately all the tags put on were
fastened through a pair of holes located ina
restricted section of the after marpin of the §
shell. Tt was thus possible to identify a turtle T
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marked at Tortuguero, if seen by someone
familiar with our tagging method, even when
the tag had been last.

Since the first year, the shell tag has been
replaced in our work by a cow-ear tag of
monel metal (adapted to use with turtles by
Dr. Tom Harrisson of the Sarawalk M UEeum
and Dr. John R. Hendrickson of the Unjver-
sity of Malaya) clamped to the thin, tough,
hind, proximal edge of the fore flipper. As a
safeguard in case the tag should be lost, we
have continued to bore two holes in the shall
margin. These holes have been made in dif-
ferent pairs of marginals in cach BUCCEsEivE
season. As have the tags, they have proved to
be readily discernible after three vears. Al
though they are of no value ag marks for
long-range recovery by persons not familiar
with the project, they have proved im portant
as o source of information on the triennial and
biennial returns to Tortuguero jtself [se0 ape-
tion on Keproductive Cycle),

Although the impermanency of the ghell
slague was proved by the numeroys 1955 re-
mesting returns of tagless females that had
been marked that same season, the fact that
the loss of the tags was not 100 per cent was
shown by the recovery of two turtles with
shell tags in the Miskitn Cays area and Bocas
del Tora, over a year after they had been
marked,

A1 the present wri ting, the total number of
kreen turtles marked at the Tortuguero CRmp
15 1178, There were 35 international returns
e table 1 and pl. 1). OF these the majority
casie from the Miskito Cays region, as at the
enidl of the first season. Two have been added
te the ofiginal thres Panamanian TeCOveries:
three came from Colom bia; and there was one
each from Mexico, British Honduras, Cuba,
and Jamaica {Morant Cays). This total gives
& Epread of recoveries representing the ex-
treme reaches of the western Caribbean. It js
mportant to note that not a single post-sea-
*ad recovery of a turtle marked at Tortuguern
*4s made in Costa Rican waters, That is to
¥, although returns to Tortuguero itself
“taling about 200 have been recorded, these
*ere all females returning to complete the
e of laying emergences of the Current seq-
*au. Once the seasgn Was over, no tagped fur- |
LS Were ever teken at Tortuguero or else.)
=Ty iy Costa Rica,
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A steady trickle of information has come in
to support the original assum ptions of the jn-
vestigation: that the big Miskita Cays popu-
lation is derived from the Tortuguero breed-
ing ground, and that Tortuguero is also the
reproductive center far turtles from a great
aren.,

Throughout the circumtropical range of
Chelonda, the standard pattern of habitat oc-
cupancy seems to involve more or lese widely
scparated feeding and nesting grounds, One
need look no farther than the famous turtle
island of Ascension to see an example of what
Appears to be the most usual arrangement: an
insular rookery beach, with recruiling from
distant, year-around pastures, in this case
probably located on the African coast, It is
cRsY to ste why none of the turtles remains at
Ascension after the nesling season is over,
The shore waters about the jsland slope ah-
ruptly, and there are none of the shallow
Thalassia flate that seem necessary for the
maintenance of stable green turtle popula-
tions. We hope to corroborate the supposed
Aftican origin of the Ascension breeding
calony by means of 4 tagging program carried
out at the island. It is not clear why the tur-
tles should make the lang trip out to this pin-
peint of &an aceanic ialand when a large extent
of the coast of the African bulge seems to an
observer to offer suitable nesting conditions,
But throughout the world this arrangement of
ieland rookery and mainland pasture ground
geems to be the one mast frequently met,
Tortuguero, a mainland bheach, drawing its
breeding colony principally from island
sources (although to some extent from all
about the littoral), seems in this regard ex-
ceptional, although by no means without
counterpart.

In the eastern Caribbean the only known
center of aggregated breeding is the tiny is-
land Iela de Aves, 140 miles west-north-
west of the island of Doaminjes, There is some
evidence that this island has greatly dimin-
ished in size within recent decades (Zuloaga,
1955; Phelps and Phelps, 1957). One wonders

-

%,

about the eventual fate of the Aves-oriented-

nesting flotillas, presumably comprising most
of the green turtles of the castern Caribbean,
when the island finally becomes wholly
awash.

From what we have tearned to date, it
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TABLE 1
[NTRERNATIONAL RECOVERIES oF GREEN TURYLES TaGeED AT TORTUGUERD,
CosTa Brca, 1955-1958
h— — rHEm
Distance
Tag Date of Traveled
oy Date Tagged Place of Recovery N (Statute
Miles)
483  Aug 17, 1955 Colon Province, Panama, 13 m. W, of Sept. 21, 1955 28
mouth of Palmilla R
133 Aug, 3F 1055 5 m. M. of Puerto Caberas, Nicaragua Oct. 26, 1955 240
316  Aug. 5 1955  Near Palmilla, Colon Province, Panama Sept. 3, 1935 218
213 Aug. 26, 1955 Near Palmilla, Colon Province, Panama  Sept. 3, 1955 218
363 Aug. 11, 1955 Puoerto Cabezas, MNicaragua Sept., 1955 70
247 Aug. 25, 1955 14 m, S5E. of Miskito Cays Mae. 14, 1954 23
219  Aug 25, 1955  Barra del Rio Grande, Nicaragua May 1, 1956 120
240 Bug. M, 1955 Southeast Rock, Miskito Cays Mar. 3, 1950 270
lost  July-Sept, 1935 Diskito Cays area Feb. 14— 2404
Ape, 3, 195G
324 Aug. 5, 1933 Bocas del Toro, Panama; 5 m. off Basti-  Oct. 29, 1956 120
menta I
369 Aug. 25, 1956 Isla de Mujeres, Quintana Roo, Mexden Ang. 20, 1058 775
732 Aug. 6, 1958 Arastro, 12 m. M, of Poerto Cabezas, Oce. 2, 1958 247
Nicaragua
kY[ Aug. 25, 1936 Morant Cays, near Jamaics May 29, 1957 G54
&0 Aup, 28, 1955 Edinburgh Reef (Miskito Cays area) Sept. 1, 1957 205
a1 Aug. 13, 1937 Blucfields, Nicaragua Oct. 16, 1957 08
615 Aug. 14, 1957 Ceglon Provines, Pangma Sept. 2T, 1957, 218
205 Aug. 12, 1956 Southeast Rock {(Miskito Cays area) Jap. 30, 1938 il
349  Aug 21, 1956 Porgee Reef {Miskito Cays area) Jan, 0, 1958 284
366 Aug. 24, 1936 Miskito Cays area; lat. 14" 02' N, long. Mar. 8, 1958 260
B2° 37" W,
513 July 24, 1057 Near Tingo Reef (Miskito Cays area) Apr. 15, 1958 035
G238 Sept. 5, 1957 Miskito Cays area Jan. 24, 1953 270
761 Aug. 18, 1953 Awastara, 20 m. N, of Puerto Cabezas, MNov. 1, 1958 LY
MNicaragua
230 Aug. 24, 1955 Deutman Bar, Miskito Cays Bept., 1958 240+
604 July 22, 1033 35 m. E. of Placencia, British Honduraz ~ Dec. 8, 1058 705
504 Aug, 19, 1956 Tinkham Fock, Miskito Cays Feb, 15, 1958 65
336 July 24, 1957 Tinkham Rock, Miskito Cays Mar. 7, 1959 255
539 Aup. 6, 1957 Edinburgh Reef, Miskito Cays area Apr. 10, 1959 205
Fa5 Aug. 10, 1958  Cayos de Las Doce Leguas, 5. coast of DMar. 20, 1950 793
Cuba, between Isle of FPines gnd Man-
zaniilo
734 Ang. 6, 1958 Migkito Cays area; lat. 14° 10" N., long. May 10, 1959 278
BE 23" W,
a3 July 31, 1958 Miskito Cays area; lat. 14* 217 N,, long. Apr. 25, 1959 276
82° 44" WL
436 July 10, 1957 Southeast of Southeast Rock (Miskito Apr. 1I, 1950 275
Caoys arei)
o0 July B, 1959 6 m. M. of Cartagena, Colombia; caught Ang. 10, 1950 535
gt depth of 10 fathoms
1074 July 15, 1959 6 m. N. of Cartagena, Colombia Bept. 23, 1959 535
054 Jualy 21, 1959 & m, M. of Cartagena, Colombia MNov. 16, 1959 515
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seems reasonable to conclude that there are in
the Caribbean only two remaining centers of
~mass reproduction by the green turtle: Iela de
Aves in the cast and our study area, Turtle
Bogue, in the west. ]
Obviously all that these recoveries of tue-
tles marked at Tortuguero actually prove is
that the turtles, alter being tagged, traveled
{or were carried by currents) to the localities
in which they were retalken. Their turning up
in these places could conceivably be attrib-
uted to random wandering. The uneven
character of the sampling that produced the
recoveries makes it pointless to try to test the
results statistically. Final proof of periodic
guided migration will await a difficult maney-
ver: the recapture in Cuba, say, of a turtle
tagged in Tortuguero; the release of this tur-
tle; and a second recapture back in Tortu-
guero during another nesting venture three
(or, less likely, two) vears after the first.
Meantime, however, in spite of the gap
in the circle of direct evidence, there Te-
maine in our minds little doubt that the
tag-return data, plus such suggestive circum-
stances as (A) the lack of turtles in Costa
Rican waters after the end of the breeding
seison, (B) their abundant eccurrence in and
periodic disappearance from certain areas of
rood pasturage (most notably the Miskito
Cays region), and (C) the seasonal appear-
ance of schools in areas between Tortuguero
and the feeding grounds, are adding sub-
£lance to the folk beliefs on which the orig-
inal assumptions of thia study were based.
Several factors detract from the usability
of our data for quantitative assessment and
census. Perhaps the most important is the
fact that the Miskito Cays area, from which
moet (65.7%5) of our recoveries have come, is
more heavily sampled than any other part of
the Caribbean—is, in fact, probably the most
Beavily “turtled” area of comparable size in
the world, This uneven sampling precludes
the making of simple calculations of popula-
ton sizes, and the fact that the Miskito Cays
fegicn attracts the most turtle schooners be-
cause there are more turtles there than any-
where else in the Caribbean further compli-
tates the picture. Still another factor detract-
Ing from the statistical value of the data is the
loes of tags, referred to above. It is even im-
possible to calculate useful recovery percent-
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ages, because the size of the tagped sam ple is
not known, as some of the tapged animals
failed to carry their tags away from the

ing ground. Another source of quantita-
tive uncertainty is the unknown preportion
of turtles tagged by us and then retaken, dur-
ing subsequent nesting emergences of the
same season, by professional turtle hunters
on the unprotected beach to the south of our
camp, During the first two or three seasons
such loss was surely heavy. Lately, restric-
tions have been placed by the government on
the industry, fewer females have been turned
on the very heavily visited Miles 7 11, and
perhaps more of the tagged turtles have sur-

¥ived the season,

The total for the five seasons of taging ia
1178, and the percentage of international
Post-season returns is 2.9 per cent, With the
use of only turtles marked with fin tags (723),~
the percentage was 3.5 per cent. One of the
maost productive groups within this latter con-
tingent was the series of individuals tagged
during the last of the 1955 season i{the first to
be marked with the fin tag). Of these, five, or-
12.3 per cent, have been retaken.

A surprising recovery is that from lsla de
Mujeres, itself a site of some nesting activity,
although much less important in this respect
than Tortuguero. This FECOVENY may refn-
force the inference from other evidence, that -
green turtle populations include both resident
and migratory components.

Most of our recoveries have been made too
long after the date of tagging to have any

clear relevance to the question of gpeed of ne-
travel in the species. A recaptere in Panama .

giving a speed of about 23 miles per day cver
a nine-day period is shown in table 1 and was
noted by Carr and Giovannaoli (1957}, The
only cases among later returns that are note-
worthy in this respect are Nos, 900 and 1074
(see table 1}, both 1959 recoveries from Car-
tagena, Colombia, 500 miles by shortest route
from Tartuguero. The turtles were caught in
the same place, No. 000 having been tagged
July 8 and recovered August 10, and No.
1074 tagged August 18 and recovered Sep-
tember 23, Both were taken in nets and at
considerable depth, No, 909 at 10 fathoms,
Green turtles are so seldom seen at the local.
ity that the captures were described there jn
a front-page news story, and the turtles, al-
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though of only average size for the species,
were reflerred to as "gigantic animals™ of un-
kenown kind, These recoveries allow the cal-
culating of a minimum apeed of travel of 14.7
miles a day for the 34-day period and of 13.5
miles per day for the period of 37 days. After
Noa, 909 and 1094 were retaken, a third
Colombian recovery was made. Number 954,
tagged July 21, 19539, was retaken November
16, 1959, at a depth of 6 meters at Punta
Canoas, in the same general area as were the
other two, That the taking of these turtles
astonished people in the area suggests that
they were on the way to other parts. The re-
capture, in one season, of thres tureles
marked at Tortuguero, and representing the

first South American returns for the four
years of the study, may be taken as further
support for the assumption that the breeding
colony at Tortuguero is made up of contin-
gents from widely separated points of origin,
and that these start their journeys To the
rookery on staggered schedules, How tight
the organization of the migrating groups is
remains to be determined. It is tempting to
suppose that the Colombian turtles repre-
sented a flotilla returning to the Trinidad-
Venezuela area, where green turtles occur in
fair numbers and where Carr has been told by
fishermen that they go somewhere to the
north to nest,

REPRODUCTIVE CYCLE

Harrisson {1956), in his studies of nesting
colonies of Pacific green turtles in Sarawal,
found surprising evidence of a three-year
breeding cycle in the populations nesting on
the turtle islands of the China Sea. In early
1956, the second year of our work at Tortu-
guero, Carr heard from Harrisson that none
of the turtles he had marked during the previ-
ous two years had returned to nest on the is-
lands where they were tagged. Similarly, in
19536, none of the Tortuguero females tagped
in 1955 came back, but later that season we
learned that Harrisson was finding turtles
tagged in 1953 returning to his beaches again,
We thus awaited the outcome of the 1938
season in Costa Rica with great interest, The
results, together with those of the 1959 sea-
son, are given in table 2. The noteworthy as-
pectes of the data are as follows:

1. There is no case of a turtle returning to
nest during a season following one in which it
had nested before.

2, There is a atrong three-year cycle shown
in the nesting returns,

3. There iz & minority of cases in which
nesting is carried out on a two-vear schedule,

4. None of the two-year nesters was repre-
sented among the females tagred during
1935, That is, nons of the turtles that nested
in 1957 had previously been tagged in 1955 in
apite of the fact that the 1955 group was
much the largest vet tagged by us.

What periodic influences might control a
three-year reproductive cycle are by no
means clear. That they should in the same
speciea permit a two-vear cyclical undercur-
rent is also puzzling. That this undercurrent
should be missing among members of one of

TABLE 2
RETURKS 0F TaGGEp TuRTLES To TEE NESTING BRAcH ot TorTucuERo, Costa Hica,

S —

1IN SUCCEESIVE SEASONS

Year Mo, Tagged

Returns from Previous Years

Year No. of Returns
1955 405 — _—
19546 114 = ==
1957 248 ==n —
1558 131 1055 16
1856 i
15055 190 1956 &
1957 4
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the year groups at Tortuguero is still !EEE
easily explained. Apparently such superim-

ition of nesting echedules docs not oceur
in the Pacific form, because Harrisson found
no individuals nesting on a two-vear evele,

despite the fact that his sample is far larger
than ours and that he maintains contact with
entire breeding colonies, the members of
which show extracrdinary tenacity in return-
ing to specific islands to nest.

MATING

We can add little to what Carr and Giovan-
noli {1957) aaid of mating in the Tortuguero
colony. Copulation occurs (as Harrisson,
1954, found to be the case in the populations
he studied in the China Sea) at the nesting
beach and, as far as we have been able to
determine, nowhere else. Whether it takes
place before, or after, the first or some other
one of the nesting emergences is still not
known. The nesting season is, however, much
longer than the mating season, as we rarely
saw any courtship or mating after August 1,
and never after August 15,

In figure 2 of plate § note the deep notches
at the third intermarginal seam on the fore
edge of the shell of the female shown, These
were made by the enlarged grappling nails of
the male (pl. 7), which, together with the

strong horn at the tip of the prehensile tail,

provide an effective three-point coupling rig

for coping with the coyness of the female and

the throw of the waves. Females often come

ashore with such notches raw and bleeding

and eut symmetrically back into bone half an

inch thick. This phenomenon has beating on

the still unknown fertilization schedule of

sea turtles. Finding a nesting female in this
condition proves that she was attended by a’
male before she laid, on this particular ceca-

sion. But she may have laid one er more

times previously, during the sarme seagon, and

copulation may have occurred gfter those

times. Thus all that we know at the present

time is that copulation occurs at the rookery

and is not reatricted to the pericd after all the

layings of the season have been completed,

NESTING SEASON

The nesting of green turtles at Tortuguero
is strongly seasonal (cf. Moorhouse, 1933,
who worked with a similarly seasonal colony<
at Heron Island; Harrisson, 1951: and Hen-
rickson, 1958, whose wark with the green tur-
te in Sarawak shows that it nests throughout
the year), At Tortuguero the bulk of the
vear's epps are laid in July, August, and
September. The peak comes in August, al-
touph during the last two weeks of July and
the first two of September there may be sev-
eral nights when as many turties come out as
on any August night, Throughout June, even
towards the end of the month, several nights
iy pass without the emergence of a single
turtle, even to leave a trial halfmoon trail. We

Ve no record for May, The beginning of the
season 1= thus quite abrupt. The ending is
more gradual, emergences usually beginning
' taper off in mid-September and coming to
& virtual stop by the end of October. Mem-
bers of the Martines family, old residents of

Tortuguero, tell us that they have scen nests
in November but that they are infrequent.

In 1959 the first turtle found on the 2 miles
that were patrolled came up the night of
June 18, the second on June 25, and the third
on July &. The greatest activity took place be-
tween July 9 and August 1. After August 28
activity diminished rapidly, although two or
three turtles were still emerging nearly every
night by September 17 when we left the
camp.

That the eeason begins more abruptly than'
it ends may be owing simply to the fact that
the turtles arrive in schools (the "feets” of
the Spanish-speaking turtlers), which gather
at the pasture ground, and which partly
break up as events at the nesting ground
proceed on divergent schedules for different
individuals of the school. A turtle frightened
back into the sea, say, at the beginning of a
nesting emergence, might be thrown off
schedule in her suite of nestings, and her
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eventual return to home ground might be
made in company different from that with
which she came. In any event, the impression
one gets in watching tracks on the beach and
turtles loafing outside the surf line iz that
they arrive én masse but tend to trickle away
at the end of the season.

The fact that the trunkback season ends as
the green turtle season begins is probably sig-
nificant. There 13 not enough nesting by
trunkbacks at Tortuguero to offer any im-
portant competition for the green turtles at
any time, or vice versa. The periodicities of the

two animals were developed elsewhere, how-
ever, through a long period of geological time
and no doubt were conditioned by the fact

that a tendency for two big, active reptiles
inhabiting the eanme geographic areas to ag-
gregate at the same time and at the same
nesting beaches resulted in injurious com-
petition, It is worth noting that at the nearest
site of aggregated nesting by the trunkback
(Matina Beach, 30 miles to the southward)
hardly any nesting by green turtles talces
place.

RENESTING

Carr and Giovannoli (1957) showed by
indirect evidence that, as all sea turtles prob-
ably do, turtles of the Tortuguero colony nest
more then once during the season that they
visit the rookery. During the 1956 season,
when for the first time we began tagging only
turtles known to hawve just nested, it quickly
became evident that Carr and Giovannoli's
inferences had been correct. Of 683 green tur-
tHes tagged during 1956, 1957, 1938, and 1959,
92 were retalen while laving a second time
and 12 on a thind occasion. In none of these
cases did we have any way of knowing how
many layings had occurred prior to, or took
place after, the date of our contact with the
animal. But from the aggregate of our recap-
ture data, an interval of 12=14 davs (average
12.5) between nestings was calculated, and
with this average as a divisor we find six nest-
ings to be the maximum for the Tortuguero
colony. This Agure may be short of the real
maximum, because desultory nesting oc-
curred before and after the period of our
residence in the camp. The opinions of fisher-
men support the hgure, however, and to some
extent it 1s substantiated by measurements of
oviducal eggs. Data on recaptures are given
in tables 3-6. In these tables the very short
intervals represent returns after some inter-

ruption (a flashlight beam, for instance, or a
barking, snapping dog) had sent the female
back into the sea without laying. The longest
such interval may be seen in the case of Mo,
341, which returned to lay five days after
having been interrupted in her emergence,
More wsually a return is made either on the
game night as the interruption or on the fol-
lowing night. Intervals well over the 12.5-day
mean are interpreted as multiples of the
actual renesting interval, or these plus one or
more of the periods of recovery after abor-
tive emergences.

A noteworthy difference between our
colony and the colonies of the China Sea is
the evidently shorter internesting period in
the latter (12,5 at Tortuguero and 10.5 in the
colony studied by Hendrickson at Sarawak).
It would be of interest to calculate maximum
chronological spread for rookery-residence
periods in the Sarawak colony, to learn
whether the greater number of nestings by
those turtles is attributable to a longer sea-
gom, of to the shorter time between emer-
gences. Even in the three-month season at
Tortuguers, a female turtle laving on & 10.5-
day interval might squeeze eight or nine
nestings into her season at the beach.
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TABLE 3
OBSERVED RENEETING RETURNS OF FEMALE GREEN TuaTLES 10 ToRTUGUERGD,
Costa Rica, During THE SEason oF 1956
(The beach sections are counted in eighths of a mile from the river mouth sonthward.)

Tax N First Observed Emergence First Return Second Return
g o Date and Time  Mile Date and Time  Mile Date and Time  Mile
254 July 13, roar. 13 July 28, p.u, 13 Aog. 11, 4., ¥
269 Aug. 4, ., ] Aug. 5§, o - —_ —_
270 Aug, &, ro & Aug, 5 pu 13 Aug. 16, p.u, S
260 July 24, pow, i Aug. B A, 2 —- —=
373 (267) Aug. 4, rou 13 Aug. B am 4 Aug. 24 g ¥
Agge Aug. 15, A ¥ Mg 16, a0 i Aug. 27, a1, i
302 Aug. 13, o, 24 Aug. 16, P 24 — -
272 fug, 5, ro 13 Aug, 13, pan 1} — —
323 Aup, 17, ww. % Aug. 19, p.M. i —_ —_
100 Aug. 12, o, 13 Jug, M), pon 14 —_ —=
333 Aug. 18, pu g Aug, 20, By, | = —
285 Aug. 9 P, 23 Aug. 20, ro i Sept. 4, a.M, i
i Aug. T, p, L Ao 20, v i Aug. 22, pou, i
292 Auig, 11, Ao 0 Aug. 21, P, b Sept. 3, AM, t
259 Ang. 11, 450 1} Aug 32 pou. 13 - —
363 (328) Ang. 1T, po $ Ang, I3, pu. 1 -— —
252 Aug, 10, a.M, b Aug. 23, rou, ] Sept. &, P 1}
290 Aug, 11, Ao 3 Aug, 23, Py, ¥ — —
250 Aup. 11, &, } Aug, 24, pou 0 — -
204 Aung, 12, 4.5 i Aug, 24, pu. % — -—
205 Aog. 12, 4w, $ Auog. 34, por ) e —
304 Ang. 14, ana & Ang. 25, p., 1 - -
341 Aug. 20, 0. 13 Aug. 25, po, 1 —
'y Aug. 16, &, t Aug, 27, s, ¥ —
320 Aug, 16, ron 1} Aug, 27, P ¥
313 Apg, 16, A § Ang. 0, 4.M, L - —_
312 Avg. 16, pou. i Mg, 30, Ao i — —
385 (265) Aug. 4, AL 13 Aug. 31, Am. $ = e
336 Aug. 19, v, 3 Sept. 2, P 1 — —
A58 Aug. 22, p.m, 2 Zepk 5, P i — —
336 Aung. 13, P & Sept. §, .M. ! == o
375 Aung. 15, p.u. ¥ Sept. 5, P & Sept. 6, P ']

* No. 509 made a third return Sept. 6, Pog,, at Milen,

¥ Mo, 279 made a third retuen Sept. 5§, ra,
¢ Mo 317 made o third retorn HAug,

<at Mile §4.
31, asi., ot Mile &
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Oeserven RENESTING RETURHS 0F FEMALE GEEEW TurTLES T0 TORTUGUERD,
Cozra Rica, DurinG THE SEasox oF 1937

{The quarter-mile beach sections are numbered from the river mouth southward.)
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First Observed Emergence First Return .
Tag No. Drate and Time Mile Date and Time i
393 July 3, pac 1} July 17, rai, 13
F5 July 3, m, $ Sept, 3, P 4
461 July 3, pa 3 July 14, A 1
4 July 5, s 1} July 16, P 3
410 July 4, PM, 3 July 18, r.u. i
403 July 5, p.u. 1} July 18, P 1
414 July 5 P 1 July 16, r.i. i
117 July 6, P E Sept. 4, P 1
421 July &, pM. ¥ Julby 20, pou. 1
424 July T, po 1 Aug. 9, P i
430 July 9, pM. i Aug, 1, M. 0
440 July 10, P 1% July 22 P 1
ddd July 12, a3 0 Aug. 6, P o
ddi5 July 11, pan 3 Hug. T, PaL 3
dds July 12, A, ¥ July 23, p.u, %
454 July 11, poa. 11 July 23, por 1
70" July 14, p.m. | July 17, r.M. %
475 July 14, poa 3 July 26, p.ar 3
474 July 14, p.M, i Aup. 30, .M. %
480 July 15, ra, ] Sept, 3, P i
511 July 21, p 1 Az 4, pa &
513 Jubyw 2L, p, 1§ Aug. 6, P g
526 July 23, o 3 Aug. 4, rM, 1
L July 23, 3 Aog. 4 PoaL 4
529 July 23, .. % Aug. 14, P, 1
LLE July 26, P 1} Aug. T, pos 14
560 July 26, P 1% Aung. 5, BM. 1
S0 Aup. 1, A.M. 1 Sept. 3, PaL 3
570 Aug., 1, P 4 Sept. 6, P.M. i
380 Aup. F, Al 1 Sept. 6, P.AL 3
585 Aug, 4, AL it Sept. T, P, 1
alld Aug. 9 o ] Sept. 3, Pl 1
615 Aug. 13, poat, 1 Sept, 6, P 1
FL 1 BAug. 6, .M. 2

July 12, A,

= Mo, £70 made a second return Aug. 17, por, at Mile 2,
¥ Mo, 527 made a seeond return Sept. ¥, vk, 2k BMile b




TABLE 5
OnsERvED RENESTING RETURNS oF FEMALE GRERN TURTLES To TorTuGueEro, Costa Rica, 1958
{The quarter.mile beach sections are numbered from the mouth of the river southward,)

i

Tag E}T;Jg.hgir;ﬁ First Return Second Return Third Return
N Thate 1‘:“_! T?EHI'E Mila Date and Time Mile Dateand Time Mile Date and Time Mile
G653 June 25, 2100 3 Aug. 7, pa 1 Auvg, 28 2100 4 — —
654 June 26,2200 14 July 28 2230 A2y o i .51
657% July A em 1} Tuly 2 200 | July 29,2000 13 July 30,2300 3
664 July 1, 2200 1} July 6,400 §  Aug 17 2245 I Aug 17,2300 1
G668 July 15, 2300 4 Aug. 6, 2100 i — - — —
669 July 16, 2100 1 July 30, 2100} July 31, P 3 = -
674  July 18, 2200  } Aug. 22, pm. 10 - — - —
619 July 20, 2000 1} Aug. 1, 2000 13} Aug. 2, P, & — —
6E0  July 20, 2200 13 July 30, pos, 3 —_ — -— —
687 July 24,2000 13  Aug. 5 2200 3 = art — =
691 July 24, 2300 i Avg. T, o, 1 — — —_ -
695  July 28 2230 1} Aug 7, 3 - — = =
G606 Jhly 28, 2300 1% Sept. 1, 2100 4 — — - —_—
67  July 28, 2130 1} Ang. 19, 2200 3 —_ —_ — —
j05  July 30,2400} Aug 22, pa | — 2 — ==
07 July 30, 2100 4 Aug. 11, 2020 1 Agg, 11, 2020 1 Aug. 22, p.u, 3
11 July 31, por. k Aug, 22 P ' — - — —_
i21  Agg. 2, 2100 13 Aug. 25 poag, i - _— —_ —
120 Aup. 4, pos 3 Auog M, P, - - - — —
730 Aug, T, P i Aug. 18, pou, 1 == — — =
i Aog 9 opoar % Aug, 22 P, ] - — - —
71 Agg 22,2230 | Sept. 3, 2100 11 — e - -

* No. 657 made & fourth return Avg. 13, Pa, at Mile 4.

TABLE &
OBIERVED RENESTING Errvews oF FrMaLe GREEN To

RYLES AT TORTUGUERGD,

Costa Rica, Dukixg Tus SEASON OF 1959
(The quarter-mile beach sections are numbered from the mouth of

the river soy thward,)

First Beturn

Tag Na, First Ohserved Emergence

Date and Time Mile Date and Time Ml
910 July @ 2300 1 July 23, 2230 1
g2 July 10, 2245 1 July 23, 2230 1
o153 Tuly 10, 2330 1 July 23, 2200 13
017 July 10, 2350 1 July 23, 2330 1
920 July 10, 0100 1 Aug. 2, 2100 1
034 Tuly 13, 2400 13 Agg. & 2300 3
938 July 15, Hup } Auvg. 7, 2100 1
950 July 17, 0200 1 Aug. 7, 2300 1
033 July 20, 2330 $ Ang. 10, 2045 1
957 Tuly 23, 2200 1% Aug, 29, 2100 1
066 July 23, 0330 1} Aug. 14, 2400 i
973 July 23, 2330 11 Aug. 28 2000 i
990 July 27, 0130 & Aug. 19, 2400 ¥
Dogk July 27, 2200 1 Aug. T, 2030 1
1010 July 29, 2300 1} July 19, 2230 1
1013 July 30, 2300 13 Aug. 11, 2400 1
1053 Aug, 11, 2330 E: Sept, 13, 2100 i
1057 Aug. 12, 2345 1 Aug. 23, 0130 13
1070 Aug. 18, 2300 1} Aug. 29, 2315 i
—_— ma
* Now 934 made a second returi Aug. 14, at 2300 hours, at Milg §,

* No. 996 made 2 secand return Aug, 10, at 3390 hours, ae Mils 13,

£
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INCUBATION PERIOD

Dhuring the seasons from 1956 to 1959, the -

average incubation period (defined as the
petiod between oviposition and the time of
appearance on the surface of the beach of the
largest number of hatchlings for that batch)
for 117 nests (including both undisturbed
and hatchery-incubated complements) was
57.5 days, with a range of from 48 to 70 days.
Hendrickson found the average period for the

Sarawak colony to be about 65 days during
the monsoon season, and about 53 days for
the rest of the year, with year-around ex-
tremes of 48 and 80 days. Baldwin and Lofton
{#n Caldwell, Carr, and others, 1959) found
the average incubation period for 55 nests of
the loggerhead {Carette) at Cape Romain,
MNorth Carolina, to be 55 days (49 to 62 days).

NESTING BEHAVIOR

The nesting behavior of the Atlantic green
turtle was described in general terms by Carr
and Giovannoli (1957), Continued observa-
tion of nesting females suggests that the be-
havioral study of sea turtles may be given a
helpful comparative basis by breaking the
emergence venture down into 11 stages, as
follows:

1, Stranding, testing of stranding site, and
emergence from wave wash,

2, Selecting of course and crawling from surf
to nest aite,

3. Selecting of nest site,

4. Clearing of nest premizes,

5. Exeavating of body pit

6. Excavating of nest hole.

1. Cwlposition,

4. Filling, covering, and packing of nest hole,

9, Filling of body pit and concealing of site of
nesting.

10, Selecting of coorse, and locomotion back
to the eea,

11, Be-entering of wave wash and traversal of
the surl.

Each of the above operations is obviously
a complex chain of responses, offering con-
siderable opportunity for ethologic compari-
son, although in some cases quite hard to ob-
serve or interpret. 1f differences in the point
of view af the ohserver be allowed for, the be-
havior of the Tortuguers turtles scems very
similar to that of the Pacific form (see the
excellent detailed account of Hendricksen,
1958), and indeed to the sea-turtle nesting
pattern generally. As suggested by Carr and
Ogren (1959), two explanations for such ex-
treme behavioral stability suggest them-
gelves. It may be because the terrestrial inter-
lude comes just before or just after fertiliza-
tion has occurred, obviating any need for iso0-

lating mechanisms at this time. Or, one might
sugpgest that the operations are carried out in
more or less the same way by all the un-
equally divergent blood lines of sea turtles
simple because this is the one best way to do
them. Animals regularly fall short of maxi-
mum behaviaral efficiency, howewer, il de-
parting from it helps maintain their genic
integrity. In any event, the degree to which
the green turtle, hawksbill, loggerhead, and
ridley, and even the very divergent trunk-
back, duplicate the mannerisms of one an-
other in each of the 11 stages of the emergence
venture is remarkable. With this ethologic
conservatism added to the convergent mor-
phologic sculpturing by the marine habitat,
it is no wonder relationships among sea fur-
tles arve so difficult to assess.

The hazard of interspecific crowding and
competition for space at the rookeries is
avoided by slight differences in breeding sea-
gon and in location of nodes of aggregate neat-
ing. The loggerhead nests chiefly along the
margins of the tropics, well out of the main
breeding range of the other genera. The
trunkback comes out in April and May, and,
although individuals may choose a beach fre-
gquented by other kinds of sea turtles, the
nesting colonies seem to be always located
away from sites of mass emergence of green
turtles, which in the Caribbean nest mainly
in July and August, On beaches such as that
at Tortuguero, where green tortles nest
heavily, trunkbacks and hawlksbills eccasion-
ally, and loggerheads sporadically, the trunk-
backs are the first to come out, the hawks:
bills are next, and then the big flotillas of
Chelonde follow. The logrerhead wisitants
scem to be fortuitous stragglers. It is of in-
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rerest that fishermen along the Central Amer-
ican copst say that after the green turtles
have gone in October a few hawkshills may be
seen again in November. Such an occurrence,
if true, represents a split season for Eret-
mockelys, and this might be regarded as an
adaptive response to the overpoweringly
heavy green-turtle activity that takes place
in mideummer,

Although we are by no means ready to fill
put details of the above outline of emergence
and nesting behavior, even for the green tur-
tle, plates 2 to 6 hercin show the stages of the
nesting process and some of the behavioral
stereotypes that appear to be promising
ethologic criteria.

Plate 2 (fig. 1) shows a turtle thrashing out
the concealing pit in which she lies during the
laving process. Besides the protection that it
offers, this depression adds 9 to 18 inches to
the depth of the nest proper, which is dug in
its bottom. A nest begun at the general sand
surface would often be too shallow to main-
throoghout the incubation period, The first
digping 13 done by the fore fins working to-
pether; then one hind foot starts kicking, then
the other, and fnally kicking by the back fins
aiternates with the sweeping by the fore flip-
pers. The body pit of the green turtle is
deeper than that made by the other theco-
phoran sea turtles. An hour may be con-
sumed in digging it, and when finished
it often lets the turtle rest with the top of her
shell level with the ground. The digging of
this pit grades into the work of digging the
nest. The forefeet slowly decrease the pace of
their thrashing, and the hind fina change over
from a backward kick to a scooping push at
1E|E=lETﬂ1Jnd directly under the back of the
shell.

In excavating the egg cavity the turtle
pushes the edge of a hind flipper into the sand
st under the hind angle of the ghell (pl. 2,
fig. 2J, picks up a emall amount of sand and
drops it at one side (pl. 3, figs. 1-2). As this
happens, the right hind foot, until now
anchering the body posteriorly for the dig-
tug work, jerks quickly forward, kicking
Away any loose sand that might slump into
the hole on that side (see Carr and Giovan-

noli, 1957; Carr and Ogren, 19597, Exca:-ra-
tion proceeds in a series of such alternating
actions by the hind fect, except when some
obstruction such as the root shown in plate 4,
figure 1, is met and the rhythm is tempararily
broken.

In figure 2 of plate 5 note the sand caked
beneath the eye. Green turtles "cry™ while
nesting, as other sea turtles do. The dis-
covery, by Schmidt-Nielsen and Rapgniir
{1958), that this cryving is aseociated with salt
regulation should not distract attention {rom
the fact that it is a vseful adaptation in an-
other way. Sand is bound to get into a turtle's
eye while she is digging her nest. A simply
moist eye would go blind on shore from the
sand stuck on it. A dry eve such as that of the
snakes might secve but turtles do not possess
such an eye, The wetting of the adhering sand
by copious tear flow causes it to cake into
masses that keep falling away repeatedly and
leaving the eye clean. It thus seems clear that
the tear secretion by sea turtles is a dual
adaptation, with one use in the eea and an-
other on land.

When laying is finished (pl. 6, fig. 1}, the
two hind feet scrape and push in sand from
the sides, working separately or together,
until the hole iz full, and & mound rises where
it was, The turtle kneads this mound and
pushes at it with the inner edges of the flip-
pers in short, chopping strokes. This stage
ends when, alter a few short kicles with the
hind feet, first one and then the other of the
fore fins slings sand baclkward, beginning the
work of covering and concealing the body pit
and nest site (pl. 6, fig, 2), Resumption of
work by the fore flippers throws sand into and
around the pit, and occasional spurts of kick-
ing by the hind feet help fill the basin, After
a while the turtle starts inching forward as
the sand is alung backward. She continues
this motion until a broad strip has been
ploughed for a variable distance away from
the nest, quite clearly as a concealing maneu-
ver. As in Dermockelys (see Carr and Ogren,
1959) this slow, jerky progress builds gradu-
ally into full-pace locomotion towards the
sea, The turtle shown in fipure 2 of plate 6 is
approximately 6 feet from her covered nest,
and she is atill throwing sand.
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EMERGENCE OF HATCHLINGS FROM NEST

It iz wzual to dismiss the process by which
turtle hatchlings climb out of the carth at the
nest site as "negative geotropiam." An ex-
cellent and detailed account of the actually
complex series of activities, and the changing
space relations, that attend the emergence
process was given by Hendrickson (foc. i),
Baldwin and Lofton (in Caldwell, Carr, and
gthers, 1939} mentioned the role of group
action in the escape of young loggerheads
from the nest. Carr and Ogren (1959) called
attention to survival values presumably in-
volved in this activity and stressed the evaolu-
tipnary importance of group behavior at this
time. REesults of preliminary experiments
aimed at evaluating the selective importance
of group emergence will appear in another
paper (Carr and Hirth, in press).

To study more closely the emergence re-
sponses of a group of green turtle siblings, a
late-stage clutch of eggs was removed to an
artificial nest, and a glass pane was substi-
tuted for one side of the nest cavity. The
epps were laid July 1, 1958, and were remaoved
August 19, The outer part of the shell had
started to flake off and the eggs to lose turgor,
and the fully formed young could be readily
felt through the wrinkling shell. In the new
pest the bottom of the mass of cges was 22
inches below the surface of the beach and the
top of the mass 17 inches deep. The sequence
of events that ensued 1s outlined in the notes
below.

Avcust 23: The surface of the sand
directly over the nest has been lowered about
an inch. Inspection through the pane shows
that the eges have mostly hatched, probably
last night. The surface slumping is due to the
dropping of the nest plug to fill the space left
at hatching. The loss of this space as working
room beltween the bottom of the plug and the
top of the mass of hatchlings presents an ab-
normal factor, perhaps obviated in nature by
the careful pressing and kneading the female
does as she fills the nest.

Avcust 24: Ceiling of nest cavity still 17
inches from the general surface of the sand,
the hatchlings having regained the inch or so
of free space lost the day before when the

plug dropped.

Avcust 23: Ceilling now 16 inches [rom

surface, The floor level has been built up 3%
inches by fallen sand and trampled eggshells.

AvcusT 26: Ceiling 1534 inches from sur-
face at 1300 hours; at 1830 hours, 14 inches
from surface.

Avgust 27: Ceiling 13} inches below sur-
face, with § inch of space between ceiling and
topmost hatchlings in the mass,

Auvsust 28: At 0700 hours ceiling irregu-
larly sapped out, with highest point only 1
inch below surface, Topmost turtles now
about 5 inches from ceiling. A heavy rain dur-
ing the night may have helped to collapse the
lower end of the nest plug, hastening the
ascent of the turtles in the hatchling cham-
ber. By 1800 hours, more of the ceiling has
fallen, without, howewver, raising the level of
the hatchling group appreciably. Digging is
evidently much more active at night: in the
present test it seems possible that light enter-
ing through the glass pane during the day-
time may inhibit activity. At 1910 hours
there is more horizontal movement by the in-
dividual turtles, causing an undercutting of
the lateral walls and a continued raising of
the floor by the sand produced.

AvcusT 29:; At 0600 hours the nest roof is
only an inch thick, and the top turtles are 44
inches below it and resting horizoneally. At
1830 houra most of the turtles have assumed
vertically oriented positions {as they had for
brief periods previously) and are only 2 inches
from the ceiling and only 3 inches below the
surface of the beach, Their flurries of activity
are intermittent and short and always stop
abruptly when the ravs of the Aashlight pass
acroas them.

Avcust 30: The hatchlings emerged unoh-
served during early morning hours.

Observation of the above nest, and of nu-
merous othera dug out at various stages of the
emergence process, suggests that it is not
adequate to atteibute the emergence feat to
negative geotropism alone, In our observa-
tions, while the result of group activity was
vertical displacement of the group, the emer-
gence process was not by any means a simple
upward climb by each separate individual.
The work that caused the raising of the com-
mon chamber was a series of outbursts of
thrashing and twisting, during each of which
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gst turtles sapped the ceiling, thoss
;I::tﬁip:;dgs dislodged sand from the walls,
and those on the bottom of the mass shifted
jerkily about, allowing the sand from ceiling
and walls to settle and be packed into a new,
‘higher floor. Such group spasms were followed
by periods of complete quoiescepce. The
stimulus for renewed movement seemed to
come, not from the individuals on top, where
the most effective eapping could be done, but
from among the uncomfortably sitnated
lower layer of hatchlings. That is to say, the
group effort is instigated by the bottom tier
af turtles when the group weight of their
siblings above irritates them. An onset of
restlessness by any one of these iz sufficient to
plunge the whole group into another convul-
sion of work. The emergence process thus ap-
pears to be a strongly cooperative under-
taking. Besides the teamwaork and division of
laber involved in the actual sapping and
packing, the onset of the successive bursts of
digging seems also to some extent dependent
upon crowding,

Hendrickson (1938) and Carr and Ogren
{1959%) observed that hatchlings often emerge
in small lots, at intervals, instead of all
topether, owing to subdivision of the group by
slight differences in hatching schedule. In
most of our nests emergence by such sub-
groups of siblings usually occurred at inter-
vals of 24 hours. As as been found to be the
case with most sea turtles, nests at Tortu-
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guero seem o crupt usuwally at night, th_t:
hatchlings probably being inhibited in their
digging, if near the surface, during the day-
time, by the heated upper layers, was sug-
gested by Hendrickson (1958). He found that
most emergences occurred between midnight
and dawn, while at Tortuguero they seem to
take place mostly hefore 2000 hours. The
blackness of the sand at Tortuguero must
have considerable bearing on its properties as
an incubating medium, causing it to heat up
faster and to reach higher daytime tempera-
tures than beaches of the usual shades of tan
or white, We had formerly assumed that, in
accordance with the physics of black bodies,
it should cool off more rapidly at night than
the usual beach and that such cooling, if it
occurred, might explain the earlier emergence
of hatchlings there. But in a letter (February
10, 1957) Dr. Charles F. Brooks has corrected
this misapprehension, saying: "“Tortuguers's
black sand must indeed make it get hotter by
day than white or yellow sand. Its blackness,
however, would not make it cool more
rapidly at night than white or vellow, for
all non-metallic surfaces are virtually like
black bodies when it comes to long-wave
radiation.” Certainly the budget of absorbed
heat is greater for each period of ineclation
than in most places, but the bearing of this
Iépcm the timing of nest eruptions is not evi-
ent.

ORIENTATION

The dual, land and water life cycle of
aguatic turtles imposes extraordinary orien-
tation demands, and, in the case of Chelowia,
the preat distances that separate feeding and
nesting grounds almost surely make true
navigation necessary. From the time the
hatchling green turtle breaks out of the egg
and beging its vertical climb to the surface of
the beach until the mature female comes back
10 shore to nest, sea turtles are presum-
fblr guided towards genetically represented
‘guals” by information, or cues, about which
biologists know very little. These orientation
EVents may be arranged in a number of
Stages, corresponding to ontogenetic and pe-
flﬂdic stages in the life eycle, as outlined be-
ow.

MOVEMENTS OF HATCHLINGS
FroMm NE:T 10 SuRFAcE: The goal in this
case is the surface of the beach. Geotaxis is
the sense usually suggested as guiding the
emerging hatchlings, The process is actually
quite complex. Details are discussed in an-
other section (see above).

Frou NEst o Wave-weT Sanp: The gen-
eral goal here is of course the ses, which the
animal has not eeen before, and the location
of which may be hidden behind obstacles of
various sorts. The kinds of stimuli invalved
and the complexity of the problem faced by
the hatchling are discussed in our section on
field tests of sea-seeling orientation,

Across WAVE-WET Sawp: The abrupt
quickening of gait and mounting “enthu-
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gizsm'" of the hatchling on reaching the wawve-
gmoothed lower beach suggest that a change
of cue takes place at this point, Perhaps the
feel af the smooth wet substrate serves to
heighten drive as the water goal i3 ap-
proached, and to condition the hatchling for
changes in responses and for the increased
exertion to be required of it in going through
the surf,

TroucHx Wave Wasa: At the instant the
hatchling is lifted by the wash of the first
wave, its gait changes from a crawling to a
swimming stroke. Although no break in the
coptinuity of locomotion can be noted, it
seems likely that current sense must take
over a5 the dominant orienting factor during
the energetic (sometimes almost frantic) ap-
proach to the breaker line.

Trrovce BREAEERS: On approaching the
ocutermost, more or less rhyvthmically break-
ing surf, the hatchling dives as each comber
approaches, clearly taking a visual cue in tim-
ing its dive to get under the shoreward push
of the wave and to ride the undertow through
the breaker line, Ducing the hall miniite or so
of this dive, current sense is also probably
gtill in operation. This would not be simple
rheotaxy, as it involves fighting the current
at one monent and running a downstream
course the next, The reaction would appear to
be one of simply maintaining axial alipgnment
with any current, positive or negative,

TrAVEL BY HATCHLINGS AND IMMATURK
Sraces: Once the quiet swells beyond the
surf are reached, the hatchling Boats for & bit,
with head held hiph, and then, alternately
paddling and craning its neck to “inspect™
the horizon, makes off to sea and dizappeara
from view, During the stages of development
that follow, until the nesting female comes
ashore to lay, little or nothing is known of the
life of the green turtle. It is known that food
habits shift from largely carnivorous tend-
encies in the voung to mainly herbivorous
feeding in the adult, It may be that this
change invobves & number of steps, requiring
that the developing turtle be in different
places at different times to find animal food of
appropriate size and abundance. Possibly
this feeding ontogeny has resulted in long-
distance travel by the developing animal,
with age groups (feeding stages) distributed
in different stations along a route of active
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migration, or of passive drifting, or of both,
Evidence (such as the absence of young tur-

tles on the Thelessie pastures of the adult,.

and the lack of hatchlings off the nesting
beach after the nesting season) is mostly
negative, the only possibly relevant fact
availahle being the regular vearly appearance
in Floride of an itinerant population of im-
mature green turtles evidently derived from
some distant nesting ground (Carr and Cald-
well, 1956),

MOVEMENTS OF SEXTALLY
MATURE TURTLES

Dner Coasmuting: Green turtles in the:

Caribbean appear usually to spend the night
on the bottom, or among rocks or coral crags.
Suitable sleeping sites may be located some
distance away from the turtle-grass pastures.
While not proved by tagging data, it is widely
believed by people in the turtle fishery that
strong site tenacity i shown by the green
turtle returning to its sleeping place. The
senses and information used by the animal in
these homing feats are unknown. The trips
take place in shallow water, and it seems
possible that landmarks or bottom topogra-
phy are used. Cases of homing by yvoung
Florida green turtles over some 30 miles of
shore water, after having been carried away
owverland by truck, supgest (but do not prove)
that something less simple than landmark
puidance may be inwvolved (see Carr and
Caldwell, 19346).

PErIomC REPRODUCTIVE TRAVEL: The evi-
dence that high-seas travel to distant rook-
eries actually ooours iz discussed in another
section. If our interpretation of those results
and of supporting observations is correct, it
appears likely that the reproductive travel in-
volves true navigation. Fecent experiments
demonstrating a light-compass senge in birds
and arthropods, the work of Hasler and his
co-authors (1958) describing sun orientation
in fishes, and Gould's studies (1950) of hom-
ing in box turtles all make it easier to suppose
that green turtles use the heawvens for goid-
ance (as the turtle men say they do) and have
the same spectacular guidance equipment
fan inherent poal sense, a light-compass
senss, A time correction sense, and a displace-
ment sense or map sense)] that other animals

have been found to have,
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PBurierid AMeR. Muvs, Mat. Hist, Vo, 121, PLaTeE 3

L The left hind foot has removed & load of sand from the egg hole and i ahaut to drop it at one side
2. The flipperful of sand is dropped, and the right hind foot will, in the next inatant, kick sand Torwasd
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1. The right hind foot has broken an obstructing root, has resumed the scooping of sand from the hole, and is
swinging & palmiol oot to the side to be dropped. Mote difference indey surfuee sand and sand just encoveced

2 A pearly completed nest cavity, shaped like a lopsided Aask, with the bottom enlarged snteriosly and the
siebes somewhat squered {cf, Carr, 10:48)
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L. The end of the laying process, showing the hind fins in the position they usoally hold throughout ovi-
poeition. We pulled the right foot slightly towards the right to axpose the egga for the picture (of, Carr and
Giovannoli, 1957, fig. 12)

L Anterior view of a Tortuguero green turtle laying her epgs. The deep notch on =ach side of the anterior
ebell margin was made by the grappling nail of the male during copulation
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| L Turtle eovering the nest
| 2. Turtle covering and concealing the body ple and nest site
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1. Male green turtle caught in the surf at Tortuguero on July 12, 1959, when he chased a female too closs in
shore and was thrown up by n breaker

2. Ventral view of the male green turtle shown in 1. Note the heavy nail curving buck beneath ihe eibpe of the
near front fin and the eng tail, with the vent placed well back towards its end
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TeE SrtrRanpine Decistom: Varied ewvi-
dence {Carr and Giovannoli, 1957; Hen-

drickson, 1958; Caldwell, Carr, and others,
195%; see also figs. 5 and 6 and tables 3=T of
the present paper) emphasizes the tendency
of this and other kinds of sea turtles to return
to restricted sites for repeated nesting emer-
gences. [t seems likely that the selecting or
recognizing of the place to go ashore, which
may come after a long journey guided by
celestial information, inveolves a shift to such
topical cues as currents, landmarks, bottom
contours, or the taste, smell, or feel of the
water,

Frou Sea o NEsT SiTE: A suceession of
local cues, as well as whatever information
may furnish the bearing lor the goal itself, is
clearly involved here. Possibly the loom of
dark areas and objects may be the beacon for
the general course of the trip up the beach.
One might argue that this is negative photo-
taxia, but the fact that a turtle never can be
seen turning her head back towards the sea-
ward horizon would seem to preclude the
comparative judgment involved in simple
phototaxis, negative or positive. In any
event, when all the various distracting local
features, and the reorientations carried out in
avoiding them, are reckoned in, the problem
of deciding what guides the female to the
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place that becomes her nesting site seems im-
posing, Whatever she iz pondening or per-
ceiving, a turtle on her way up the beach does
a great deal of stopping to peer ahead and to
one side and the other, or merely to wait, asif
for some sensation or stimulus to sink in.
When the decision to stop is finally made, the
ohserver is usually unable to discern the at-
tractions of the place gselected, or the eriteria
used in her deciding on it. {See Carr and
Gigvannoli, 1957.)

NEst S1TE Back o 5! The problem here
ia that faced by the hatchlings on emerging
from the nest. Whether or not it is solved in
the same way is not known. The fact that the
female has, on her way up, laid a trail that
could be followed in returning to the sea
would seem to give her an advantage not
available to the hatchling. The fact is that
the back track is in every case ignored. In the
hundreds of females that we have seen leave
nests, we have noted no serious case of con-
fusion. When the nest is covered and con-
cealed the turtle usually turns abruptly and
assuredly towards the ses, even though it
may be hidden by dunes or bushes, and main-
tains a proper heading with little digresaion.
She may stop and blink now end then or
show signs of fatigue before reaching the
water again; on the other hand if prompted

TABLE 7 !

PoinTs oF EMErcERCE AT TorTUcURRG, CosTa Rica, oF FExaLe Greex TURTLES
ReTurxinG AFTER ABSENCES OF Two or THREE YEaRs

{Because of loss of tags, and of changes in our syvstem of desipnating beach sectiops, It was
possible to determine concordance of emergence points for only the 13 cases of
long-time return shown here.)

e

Tag Mo,

Date Tagged Flace Tagged Flace Betaken Drate Fetaken
281 Aug. 9, 1956 Mile § Mile 3 July 30, 1958
308 Aug. 15, 1056 Mile 3 Mile & Aug. 28, 1958
320 Aung. 16, 1956 Mile 13 Mile & Aug. 24, 1958
333 Aug. 19, 1956 Mile 3 Mile 1 July 13, 1959
381 Ang. 28, 1956 Mile Mile 3 Aug. 25, 1958
332 Aug. 30, 1056 Mile § Mile & Aug. 17, 1958
347 Ang. 20, 1956 Mile D Mile 1} Tuly 26, 1958
520 July 22, 1957 Mile 2 Mile 1 Tuly 10, 1959
56 Tuly 30, 1957 Mile 3 Mile 2 July 28, 1959
378 _ Aug. 25, 1956 Mile } Mile 3 Avg. 4, 1059
586 Auvg. 4, 1957 Mile 13 Mile § Aug, 10, 1959
B Aup. 25, 1956 Mile 7 Mile 1 Aug, 11, 1059
379 Aup. 25, 1956 Mile § Mile 3 Aug, 12, 1959
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by a foot or a poke from a stick she may
scuttle across the whole space without
stopping. At such times the sight of the sea
itself cannot be ruled out as an orienting cue,
Especially if the water is flaring rhythmically
with phosphorescence, as tropical surf is
likely to do, and not hidden by objects in the
foreground, simple inspection of the prospect
should (as it would for a man) furnish all the
necessary information, We do not suggest,
howewer, that this alone would be & reason-
able explanation of sea-finding capacity of
the returning female, any more than it would
be for what a sea-seeking hatchling does.

GROUP MOVEMENTS AND
SITE TENACITY

Because of the character of the neating
localities in which his studies of the Pacific
green turtle were made—a series of small ig-
lands, separated by warying distances and
cach thoroughly patrolled throughout the
season—Hendrickson (1958) was able to show
a clear tendency for females returning for re-
nesting to go back to the same island (and b
inference, to the island where they themeelwves
had hatched). Although Hendrickson said,
unaccountably (p, 503), It is not known vet
whether the individual female turtle con-
gistent]y returns to the same island previous-
Iy used for neating . . . ;" he had, as we have
paid, earlier shown strong evidence to the
contrary, and we suppose the guoted atate-
ment to be a slip of some sort. In another sec-
tion he points out that, of several thousand
obzervations of females returning to renmest
during & given season, only 3.7 per cent
changed islands and suggested that these
might have been frightened away from their
preferred island by patrol activity.

From our data and observations there
seems, a5 we have said earlier, httle doubt
that both group travel and a atrong site
tenacity and “homing” capacity are char-
acteriztic of the green turtle and, perhaps, of
sea turtles generally. Here again, however, as
in the case of attempls to judge population
sizes and distribution from long-range tag re-
coveries, evaluation of the data 15 made diffi-
cult by the uneven character of the sampling
method. Moreover, it will readily be seen that
data seeming at first glance to prove con-
certed or concurrent group activity may

actually be evidence of homing, although
there can be no real doubt that both phenom-
ena (site tenacity and mass travel) occur.

Carr and Giovannoli (1957} and Caldwell,
Carr, and others {1959), in seeking examples
of group movements in sea turtles as evidence
of mass migration, pointed out cases of
grouped renesting by turtles that had been
tagged at the same place and time as proal
that the turtles had trawveled together during
the interval between their simultaneous ap-
pearances on the beach. We now see more
clearly that these data may reflect only site
fixity and hormonal periodicity in separately
acting animals and may have no bearing on
gregaricusness or group travel at all. Con-
sider, for example, Mos, 294 and 295 in table
3, tagged at the same time and the same place |
on the beach, and 12 nights later found to- i
gether at a spot so close to the site of tageing
that our record plot of the beach fails to sepa-
rate the two localities. Such a coincidence
could of course be taken to mean that the
turtles were ncting as a pair, perhaps as a sec-
tion of a larger breeding aggregation. It also
could mean, however, that each of them
merely had the same “homing" drive, and, as
the Tortuguers turtles adhere closely to a
12.5-dayv renesting schedule, there would be
nothing remarkable about their turning up
topether for the second neating, even though
they might hawve passed the interim in widely
separated places. Yet another shading of ex-
planation of the simultaneity in returning is
possible, Thereis a broad, shallow, rocky bank
juat to the north of the mouth of the Tortu-
guero River. While not densely covered with
vegetation, this flat seema to offer enough for-
age and denning cover to hold a fair number
of turtles there for at least part of the interval
between their nesting emergences (although
it does not seem to offer an answer to the
troublesome question of where the bulk of the
nesting  colony  goes bebween the nesting
emergences of a given season). If the two tur-
tles referred to above went to this bank after
being tagred, staved there for the interval be-
tween nestings {even perhaps without com-
ing in contact with each other during the
whaole time), their returning to renest at the
sgame time and the same place could still be
attributed to individual site sense plus endog-
enous periodicity.
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Still other factors shonld be considered in
evaluating the sases of grouped return, One
is the oddly uneven character of the Tortu-
guero shoreline, This is not a straight beach
but an even series of shallow scallops form-
ing a sequence of spits and coves. This to-
pography almost certainly would influence the
stranding reacting of the coasting turtles,
tending to bunch emergences independently
of the finer homing response of each individ-
ual invelved. Another fact that must be con-
sidered Is that breeding activity is not evenly
distributed from one end of the 22-mile
rookery beach to the other. There is, far in-
stance, an above-average concentration of
nesting on our study section (the 3-mile slrip
from Tortuguero village to the mouth of the
Tortuguero River), possibly due, in part, to
the proximity of this end of the beach to the
above-mentioned bank. This scems unlikely,
hewever, when one considers that the other
site of especially heavy nesting (the heaviest
fer the whole 22 miles) lies between Mile 7
and Mile 11 from the mouth of Rio Tor-
tuguero, where there is no adjacent flat to
SETVe 88 a temporary feeding or loafing center.

With increasing government interest in
green turtles, more rigid protective restrie.
tions have come into force, and there are
parts of each season when there is ne turning
of turtles at all on the miles south of our
beach. During such times, of course, we hayve
ne way of knowing what ia happening there.
When commercial turtling was gOIng on, we
regularly paid rewards for all tags taken,
even if they had been attached only the
night before. At those times a fairly adeguate
sampling of return distribution was possible,
especially for the 1955 season (see Carr and
Giovanneli, 1957), when we were not waiting
out the egg-laying operation of each turtle
encountered and were able to make more
than 600 captures.

The returns to Tortuguero beach after the
two- or three-year interval of the reproduc-
tive cycle furnish the mest dramatic evidence
of “homing,"” or site tenacity (in fact, the ce-
currence of even a single case such as that of
No. 566 in table 7 appears unlikely to be the
result of chance alone). The renesting returns,
however, during & single season seem also to
show non-random spread. Tables 3-6 give
dates and places of all reneating recoverjes
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for the years 1956-1959 (see also figs. § and
G). Such cases as those of Nos, 657, 664, and
679 (table 5), frightened at the time of an
attempted atranding and later foumnd nesting
cleewhere, show that the homing falls short
of a real "apot tenacity,” although returns to
the exact same spot sometimes do occur (see
No. 669}, The usual spatial interval would be
of the order of § to ] mile. The greatest spread
in successive emergences recorded by us is to
be seen in the case of No. 674, which moved
from Mile § to Mile 10.

In spite of such aberrant cases and of the
lack of statistical support for the belief, we
are convinced, as we have said, that the re-
nesting returns alone indicate a marked
homing urge and ability in the female Carib-
bean green turtle,

FIELD TESTS OF ORIENTATION
CAPACITY

Altheugh ontogenetic changes in feeding
requirements (and thus in habitat) must con-
front green turtles with corregponding ehifis
in arientation problems, it seemed passible
that the navigational sense of the adult might
to some extent be represented in the capacity
of the young to go from the nest to the sea,
This possibility suzgested a feebly promising
approach to the difficult navigation problem:
tests in the field with goal-driven hatchlings.
The difficulty of clearing up even this moat
testable phase of the orientation life of a sea
turtle may be seen in the diversity and incon-
clusive character of the observations and ex-
perimental results of others. While nothing of
the gort has been published on Chelonia, the
general similarity of all turtles with respect to
nesting behavior suggeats that factors puiding
the young from the nest, through a drast-
cally varying beach landscepe, to the water
that they only genetically know exists might
be similar in all aquatic species. The prin-
cipal conclusions that have resulted from
previous tests with emerging hatchlings are
summarized in table 8,

During July and Auvgust, 1957 and 1958,
we conducted a variety of informal tests of
the ability of green turtles on shore to find the
sea. These were arranged after preliminary
trials had shown that even this short orienta-
tional feat is probably a complex chain of
events, with cues and responses changing

LIBRARY OF
5".‘!“."'_‘ Il par




S A e P PR ealfa ek M) oy

B e S S L,

sk

b e
= - L By

.

]

=

30 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

with each change of outlook or of the local
substrate, or of time and weather.

For each test a group of 10 reactors was
used. The group was built up to standard size
by our submitting hatchlings to the condi-
tions of the test release, until 10 had shown
gigne of active responge, the unreaponsive in-
dividuals being discarded. The criterion for
responsiveness was merely whether or not the
turtle crawled awav when released.

Before the tests were begun, we had eatab-
lished the fact that hatchlings retain their
sea-finding urge and ability long after emer-
gence from the nest, even after having been
kept in a dry box or, more surprisingly, after
having been allowed to develop swimming
and feeding reflexes in a tank of water. This
flexibility made it possible to bold specimens
for times convenient for testing.

While the size of the test groups used was
not great enough to give them much statisti-
cal stature, to the observer on the ground,
seping the lay of the land and taking note of
the degree of energy and “assurance’ with
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which each individual met the problems of
the test, there wore few cases in which some
useful information was not forthcoming.

It was not possible in the feld to achieve
rigid control of conditions or to use hatch-
lings with standard background. Our tests
thus must be regarded as exploratory efforts
to identify cues, and to assesa flexibility in
goal sense and guidance receptivity in the
green turtle when on land., We set out to
learn whether and, so far as possible, how
they find the sea by day and at night, in fair
weather or in rain, from nests in the open and
from release points behind bushes or logs, or
amid miscellaneous clutter, or where the sea-
ward slope led upward to a crest hiding the
water from view. Because no one situation
clearly involved one single variable, we re-
count the trials here in series, grouped arln-
trarily according to the character of the
water goal or to the location of, and the lay of
the land at, the release point, The places and
conditions of release in these manipulations
were: (1) on open beach with normal gradi-

TAELE &

Svamary oF PrEvIoUus Wors on DBIENTATION IN TURTLE HATCHLINGS

T ——

Experimental Results

Oheorvers Kind of Turde
Hooker [1908) Carefia
Parker (1912) Caralta

Moble and Breslau (1938)

pnd Chrysenrys
Draniel and Smith (1947  Carelin
Anderson (1958) Triapyr mulicus, Grap-

teseys pulehra, Grage

fenmys ecndifera

Carr and Ogren {1959 Diermochelys

Chelydra, Steruotherns,

Preference demonstrated for blue over red, arangs,
or green (inbtensities of eolers not knowan), At-
tracted by large areas of light rather than in-
tense polnt spurces, Afber entering watber at-
tracted by darker Blue of desp water

Positively pectropic, Le., guided by dewnward
slopa of beack to sea, Repelled by broken hod-
zon and atiracted by low, unbroken horizon

Attracted towards maximum area of open, il-
lominpted sky

Guided by phototaxy and photokinesis, Attracted
by bright surl. Orientation capacity diminished
on dark nights, Repelled by dark patterns

Suggestion that primary orientation iz by nega-
tive response to dark objects, with telotaxis and
Yelirect visual response’ o water perhaps re-
enforcing factors, "It is apparent that many
varations in ofdentation mechanism exdst in
turtles'

Positive reaction to openness of outlook and large
areas of illuminstion, Basic kinesis clearly sup-
plemented by capacity to vse information of
various sorts for repeated topical reoricntation
in complex landscape
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ent, i, sloping evenly downward to the
surf: (2] on open beach with an upward
gradient leading 1o a crest making a sand
horizen and requiring an initial wpward
climb; (3) behind obstructions (debris, vege-
tation, or buildings), with extreme cases com-
bining compound gradient and heavy clutter;
{4) on the ghore of an alien body of water
(bank of a lagoon; Pacific beach across isth-
musls (3) where a choice between home water
ard alien water was presented {a peninsula
between lagoon and sea; a peint surrounded
by sea, pass, and cove}. The results of these
tests, and of a few inconclusive trials with
mature fermnale turtles, are recounted below,

TEsTs on Orey BEAcH, WiTH GRADIENT
LeamnGg DowNwARD TO SEA

Test 1

Date, TmmE, axp SamrLe: August 26,
1958: 2230 hours; 10 yvoung, hatched same
night.

CowpiTions oF Teesr: (See fip. 7). Sky
clear, moon high, in last quarter. The turtles
were covered with 2 inches of sand in a shal-
low pit on open beach 75 vards from the
gurf, with an even dowograde leading sea-
ward and without major obetructiona. These
conditions were as nearly average for emer-
pence of Chelonda at Tortuguers as could be
arranged. The reburial in a second artificial
nest constituted the only obviously irregular
Tactor.

KesuLTs: The turtles scratched their way
out of the covering sand and without hesita-
tion headed for the water, Three, which came
out on & eourse parallel with the shore, made
a semicircular path that ended in a correct
heading. All others took and held correct
courses, with no stopping or evident peruaal
of surroundings, except when the beam of a
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flashlight was played upon them. In such
cases all but one turtle, which crawled
steadily seaward in spite of the light, stopped,
turped, and headed up the light beam for as
long as it was there, The spread of the sea-
ward trails of the 10 hatchlings was 6 vards at
the point of release and 20 yards at the
walker,
TesT 2

DaTE, TIME, AND SaMri®: August 27,
1958; 0810 hours; 10 young, hatched night of
August 20,

ComnniTions ofF TEsT: (See fig. 7). Clear
maorning. The turtles were placed in a shallow
pit and covered with a few inches of sand. The
site was 4 level terrace on open, unobstructed
beach 36 paces from the surf, The terrace ex-
tended seaward for 18 paces, after which the
ground sloped evenly for the rest of the way
to the water.

Resyrts: Three turtles came out directly;
the rest had to be prompted with a stick.
Those coming out on the land side made
short semicircular crawls, then stopped,
peered, and reoriented correctly towarde the
water, Those that came out on the sea side
crawled towards the surf without preliminary
reconnaissance or hesitation. The spread of
the trails of the orientating turtles was 2

vards at the point of release and 22 vards at
the surf.

Tesr 3

Date, TIME, AND SAMPLE: Aupust 20,
1258; 2000 hours; 10 voung, emerged night of
Aupust 17 and kept in a dry box prior to trial.

ConpiTions oF TrsT: (See fig. 8). Clear
night. Moon in first quarter, 35 degrees up in
west, Group released on open, evenly sloping
beach in front of camp, 32 vards from the
Bea.

TEST | TEELE 10 yd
TIRTLES TURTLES e b L LS
BLRIED BURIED
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Fic. 7. Beach profile, showing conditions of tests 1 and 2,
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Fia. & Beach profile, showing conditions of tests 3 and 4.

REsuLTs: All oriented correctly. Spread of
tracks at release point 2 vards; at water, 15
vards.

TesT 4

DatE, Tive, anp Savpik: September 3,
1058; 0943 hours; 10 young, emerged during
night of August 29, kept thereafter in shallow
water, in which swimming reflexes were de-
veloped.

Conprrions oF Test: (See fig. 8). Cloudy
day, squall over sea. Point of release 20 yards
from surf, on open beach free of obstacles and
sloping towards sea. As trinl progressed,
squall moved in; the last turtles entered the
sea in a heawy rain,

Resurts: At the site of release, the spread
of the orientation trails of nine turtles was 3
vards. One individual wandered over 9 yards
hefore finding and keeping a correct heading.
The combined traits apread for 12 yards along
the surf line.

Trar 5

DatE, TIME, AND SaMPLE: September 4,
1958 : 0006 hours: 10 voung, emerged during
night of August 24, kept in water, in which
swimming and feeding behavior had dewvel-

oped,
CosniTions oF TEsT: Site of release 23

Siegoea +C 0T T EEACH

‘5’“3*"“*_ "*“Dizﬁ;;ﬁf” e i ++R-%“"!’ﬁ‘-‘=?"-::r‘

yards from surf on almoest level beach unob-
structed towards the sea.

REsuLTs: Three turtles quickly moved off
on correct headings. Five others circled inde-
cisively and gradually headed off on correctly
oriented headings towards the surf line, One
turtle showed no reaction at all. When poked
with a twig, it burst into a frenzy of swim-
ming movements, then guieted down and
started crawling off seaward. After five min-
utes the first turtle had entered the water;
after nine minutes the last entered. The
track spread was 5 yards at the point of re-
lease and 18 varda at the surf line.

Trsrs ox OrEx BEacH, wiTH RisinG
SEAWARD GRADIENT
Test 6

Date, TiME, AND SAMPLE: August 18,
1958; 1630 hours; 10 young, emerged during
night of August 17-18, kept in pen before
trial.

ConpiTions oF Test: (See fig. 9. Sky
partly cloudy. Turtles released on unclut-
tered beach 20 vards out from cocal, with a
slight upgrade making a sand horizon be-
tween the site of release and the sea, which
was 29 yvards away.

REEesvrrs: After 15 seconds all but one tur-
tle had taken seaward headings. At the end of

10 yds
released

. SURF

Fic. 9. Beach profile, showing conditions of test 6.
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Fia, 10, Beach prafile, showing conditions of tests T and &

a minute all were heading towards the witer,
A fast, “confident” pace was maintained by
all of these. One, chased briefly by a hlack
vulture, sped up and got away safely. There
was no circling or hesitation among the
hatchlings. The first reached the water
within three minutes, the last within eight
minutes. The spread of trails was & vards at
the site of release and 38 yards at the surf
line,

Test 7

. Dare, TIME, AND SAMPLE: August 28,
1958 1225 hours; 10 young, just emerged
(morning of August 23),

Cownitions or Trst: (See fig. 10). Sky
completely clouded over, Turtles released 40
yards oot from the cocal, on clear beach, 40
yards from the sea which was hidden from
turtle-eve view by the crest of a rise.

ResuLts: When the group was placed on
the sand, one turtle made off at ence towarda
the sea; 45 seconds later all had taken correct
conrses. The pace of all these was exception-
ally fast, The first turtle reached the surf after
four minutes; the last, after six minutes, Ex-
treme separation of trails was 3 vards at the
paint of release and 24 yards at the surf line.

TEsT 8
Date, Tiug, AnDp SaMprm: August 28,
1958; 1237 hours; 10 vou ng, emerged August

26, 2100 hours, kept in dry pen after emer-

genoe,

CoNorrioxs oF TEST: (Sec fig. 10). All fae-
tors as in the preceding trial, except that the
sdmple had been held for two days before re-
lease,

Resurrs: One turtle took a proper heading
immediately; all had oriented within i
minute. The first reached the water after
three and a half minutes, the last after five
minutes. The response of this group was like
that of the younger turtles in trial 7, except
for more frequent pausing by the slower mem-
bers of the present gample,

TEST 9

Date, TiME, AND SaMPLE: August 16,
1958; 0830 hours: 10 young, emerged during
night of August 10, kept in tank of water
prior to test.

CoNpimions or TesT: (See fig. 11). Slight
overcast] sun 60 degrees over gea. Releasa
point on open beach with sand horizen (a 10-
degree grade leading up to it) confronting

10 yds
reledsed

Frc. 11, Beach profile, showing conditions of test 9,
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FiG. 12, Beach profile, showing conditons of test 10,

turtles to scaward, and with coco fringe be-
hind them.

Ersurrs: The frst turtle had oriented
within one minute; the last, within three
minutes. The spread of the combined trails
was 3 yards at the site of release and 17 vards
at the surf,

Trsr 10

Date, Tivm, awp Samrre: August 15,
1958; 1700 hours; 23 young, emerged during
night of August 11. The sample was carried
by airplane across the isthmus to Quepos, on
the Pacific, and back—a three-day trip in a
sack,

ConpiTions or TesT: (See fg. 12). Site of
release was a clean beach separated from the
st by a slight upgrade and a crest 10 feet
away, Beyond this crest there was an even
downward slope to the water, The glow of the
sunset made a broad area of intense illumina-
tion in the west,

REsurts: Turtles very active, showing no
sign of weakness or loss of capacity as a result
of their abnormal background (the round
trip, involving climbs te 11,000 feet in alti-
tude, to the Pacific side and back). Within
one minute all had taken seaward headings
that nesded no further correction, and all

B, :_,??.'_Eﬁ-!':"r-"?"-'hj_ﬂ
cocaL: = = o

= ®

U BEACH . S
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held these in spite of repeated attacks by
ghost crabs, The spread of trails they left was
6 feet acroea the point of release and 33 feet
at the water line.

Test 11

Date, Tiue, awvp Samrre: August 24,
1958; 1840 hours; 10 young, emerged August
23 at 2000 hours, kept in dry pen until time of
trial,

ConprTions oF Test: (See fig. 13). Clear
night with three-quarter moon high in sky to
southward. Site of release in front of coco
fringe, with a low slope rising to a crest about
halfway to the surf, which was 32 yards away.
The crest of the slope made a sand horizon
from turtle-eve level; otherwise there was no
important obstruction of the seaward path,

Resvrrs: All oriented properly within 30
seconds, crawled rapidly, and entered the
water on almost prependicular courses three
minutes after release. Spread of trails 1 yard
at point of release, 8 vards at water.

Tusts wiTH CLUTTERED FOREGROUND
AND CoMPOUND SEAWARD GRADIENT

Test 12

Date, Time, AND SamrLe: September 3,
1858; 0932 hours; 10 young, emerged during

10 yds

relagsed

LA

@ e e T
L e AT S ey e e S 1""“'1':_:«3:
= T g E - a h, T§ar o
] Joi vl g b ] AR TR "'n%}'l "':if'-'-‘

Fig. 13. Beach profile, showlng conditions of test 11,
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Fiz, 14, Beach profile, showing conditions of test 12,

night of August 29, kept in tank with very
shallow water.

CouptTioNs oF TEST: (See fg. 14), Sky
cloudy, squall over ocean, The turtles were
refeased between two low dunes, the crests of
which made both the ssaward and landward
horizons for the sample. The cocal was 30
yards away and the sea 54 yards away. The
beach was littered with heavy debris and
much torn up by nesting turtles,

REezvrrs: At the end of one minute one tur-
tle had taken a correct heading, After five
minutes all had orented correctly, but the
trip to the water was repeatedly interrupted
by pauses, irregular circling, and temporary
reversals of course. At the end of 14 minutes
all the turtles were making progress towards
the sea, but very elowly, two being atill only
T vards from the site of release. The test was
then ended, becanse of the difficulty of keep-
ing the hatchlings in sight amid the beach
drift.

Te=at 13

Dare, Tmme, aAxp Sawrne: August 24,
1958; 1928 hours; 10 voung, emerged August
23 at 2000 hours, kept in dry pen.

Coxmrions oF TEST: (See fig. 15). Three-
quarter moon high in the south; sky clear.
Site of release just in front of cocal (3 vards

coco plum barrier

9 reledsed

4-5 ft high, 30 ft lohg

W
Eir, e rerdlR i,
e w&}:{-i_;.uﬂw

away) and separated from sea, 72 vards
away, by debris, by eeversl low ridges, and by
a mass of coco-plum bushes 30 feet long and
4 or 5 feet high,

REEsvLTs: Within one minute, all the tur-
tlea had found correct headings; all reached
the sea the first 16 minutes after release. The
spread of trails was 2 vards across the side of
release and 19 vards at the water,

TesT 14

Date, TiME, AND Sampre: August 28,
1958, 2200 hours; 10 young, emerged during
night of August 27, kept in dry pen.

CoMpiTIoNS oF TEsT: (See fig. 16), Clear
night, with full moon in gouth, Point of re-
lease 38 vards from the sea, the way to which
was blocked by dense growth of sca grape, 4
feet high, and by the crest of a low dune be-
yonid the bushes,

Resuirs: All immediately took seaward
headings and kept them for the 9 vards to the
sed grapes, whers six turtles went around the
bushes at the northern end and four rounded
the southern end. All then reoriented on
routes that would have taken them almost
straight to the water. Because it was not poa-
sible to keep track of the split sample in the
dark; the test was abandoned before the
turtles reached the sea.

10 yds
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Fii. 15. Beach prefile, showing conditions of test 13,
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Fic. 16 Beach profile, showing conditions of test 14

TEsTs oN SHORES OF ALIEN
Bopies oF WATER

TesT 15

Dare, TIME, AND SAMPLE: August 27,
1958; 0800 hours; 10 young, emerged evening
of August 26.

CowprTions oF TEsT: {(See g, 17), Clear
morning. Turtles relessed on shore of lagoon,
under overhanging roof of boat shed, & feet
from the water on sloping sandy bank, The
site of release was heavily shaded ; the western
ghore of the lagoon, about 250 vards away,
was brightly lighted by the morning sun.

REsvLTs: Although the movement towards
the water was less positive and rapid (less
“gonfident”) than that of hatchlinge going
towards the sea, the whaole sample neverthe-
lezs reached the water within one minute. For
a Hme all swam directly away from shore,
bobbing up repeatedly as if to take new bear-
ings, Just before the heads disappeared, they
were geen to be angling off downstream, per-
haps simply being carried by the ebbing tide,

TesT 16

Date, TiMe, axp Samrre: August 16,
1938, 11040 hours; 20 voung, emerged during
night of Auguat 10, kept in tank of water
prior to test.

Coxprrions oF TEst: (See fig. 17). Site of
release on bare, sloping sand shore under boat
shed, 2 feet from edge of lagoon, which was
250 yards wide at point of release, with heavy
woods on the far side. Sample released in two
groups of 10 turtles each.

Resurrs: Hatchlings slow to respond,
showing much hesitation, peering, and cran-
ing of necls, and little sign of rising interest as
they neared the water, Dnoce in the water, all
headed straight acroes towards the far bank.
For the whole distance across the river they
swam under water and bobbed up at the sur-
face, where they stopped and for some mo-
ments peered about as if ecanning the land-
scape. When approached by the observer in
a canoe, all quickly dived and made evasive
changes of course, resuming the heading to-
wards the far share when the canoe dropped
baclk. Within 10 minutes all had reached a
zone of shallow water over a bed of Potame-
gefon that extended 50 feet out from shore,
Here they scatterad, the majuﬁty making off
downstream, the direction in which, from
the hoat, the gky seemed to be most intensely
lighted.

TrsTt 17

Date, TiMe, AND SAMPLE: September 21,
1957; 1630 hours; 11 young, emerged (at Tor-
tuguero on the Caribbean shore) September

850 yds
reledsed
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Fiz, 17, Profile of Tortuguero beach and lagoon, showing conditions of tests 15 and 16,
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Fig. 18 Profile of beach near Quepos, Pacific coast of Costa Rica, showing conditions of test 18,

9, kept for part of the time prior toreleaseina
1ank of water and for part in a dry hox,

Conprrions oF TEsT: Site of release the
open beach at San Isidro, near Punta Arenas,
Costa Rica, on the Gulf of Nicoya, exposed to
full Pacific surf. Turtles placed in a shalloer
hole, with a log on the seaward side.

REsuLTs: One turtle ecrambled quickly out
of the pit, moved to a point beyond the end of
the log, stopped, craned its neck, peered
about briefly, and then made off straight for
the sea. The others emerged with varying de-
grees of dispatch. The most active of thesa
took a heading straight inland. When picked
up 30 feet from the nest and replaced, the
turtle came out at once and took the same di-
ametrically incorrect heading. This hatchling
was retrieved four more times (six times in
all}, and in every case it emerged without hes-
itation and headed off in the same inland di-
rection. At the end of half an hour six of the
turtles had oriented properly. Four were slow
to respond, and, as replacements were not
available, they were carried down to hard,
flat, wave-wet sand and released there, All
immediately crawled into the water, where
they were watched throughout the period of
their traversal of the breakers. Although the
character of the long-period, powerful Pacific
surf was markedly different from that of the
Caribbean, in which their ancestral responses
developed, none of the turtles seemed at a loss
in the long rollers, and all eventually ap-
peared in the calm water seaward of the

- Although the stubborn selecting of
an inland heading by one of these hatchlings
seemed dramatic confirmation of what a prej-
udiced manipulator would expect of little
turtles carried from an Atantic to a Pacific
ehore, the fact that its eiblings found the sea
without eetbacks makes the behavior of the

one individual seem to be only an accidentally
appropriate aberration,

TesT 18

Date, TIME, AMD SAMILE: August 12,
1958; 1613 hours; six young, emerged morn-
ing of August 12 (the same day) at Tortu-
guero, carried in bag on flight across the isth-
mus.

Connpirions oF TesT: (See fig. 18). Cuepos,
Pacific coast of Costa Rica, Clear sunny day,
with some clouds over sea. High mountains
some miles back of beach, partly in cloud,
Most extensive and intense illumination down
the shore to the narthwest, not over the
ocean. Site of release the crest of a dune,
with a strong seaward slope, then a low rise to
the top of another lower dune, then a ateep
downgrade to the sea, 140 feet away.

REsuLTs: After three minutes the first tur-
tle had oriented eorrectly; within eight min-
utes all had correct headings. There was some
pausing to pivet about and ecan the land-
ecape, with necks stretched at a 45-degree
angle, after which the seaward movement
was resumed. On the strongest downward
elopes the pace was most rapid, and the
turtles moved with necks stretched far for-
ward, parallel with the ground. Evidently
positive geotaxis may enter the orientation
pattern as a subsidiary stimulus, altheugh it
iz easily overridden. The spread of the six
traile was 6 yards across the point of release
and 12 yards at the surf line,

TEsTs 1N WhicH Harcarines Wene
OFFERED A “CroicE" BETWEEN
BomEs oF WATER

TesT 19

Date, TiME, AND SAMPLE: August 12,
1958; 1636 hours; five young, emerged morn-
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Fre 19, Profile of beach and dunes (from sea to lagoon) near Quepos, Pacific coast of
Costa Rica, showing conditions of test 19,

ing of August 12 (the same day) at Tortu-
guero on Caribbean shore; turtles carried in
bag on fight across isthmus,

CoNpiTIoNs oF TEST: (See fig. 19). Open
Pacific beach north of Quepos, Costa Rica.
Weather clouding, sun hidden for moat of
time of test; clouds low on mountaing inshore
from the beach. Sample relezsed 35 wvards
from the surf on the strongly inclined land-
ward side of a high dune, the crest of which
hid the sea from turtle-eye level. The land-
wand slope led back to a sparse growth of sea
oats, with the water of a lagoon visible in the
background,

Resurrs: After two minutes, one turtle
had reacted and was correctly headed. The
others straggled into seaward courses. The
spread of trails was 7 vards at the site of re-
lease and 36 vards at the water.,

TrsTt 20

Dare, True, axvn SamrrLe: September 3,
1958; 0207 howurs; 10 young, emerged during
night of Auguat 26, kept in shallow water in
tank prior to test.

CowpiTions oF TEST: (See fig. 20). Turtles
released in coconut grove, 50 feet from lagoon
shore. The camp house obstructed the path
towards the sea, and the most open and

strongly illuminated outlook was that down a
10-degree sector, bounded on the north by
trees and on the south by the boat shed, lead-
ing to the lagoon.

_Resvrrs: After three minutes of vacilla-
tiod, during which they several times headed
temporarily towards the camp house, five tur-
tles were heading almost directly towards the
lagoon, After eight minutes, and much eir-
cling and hesitation, the sixth hatchling had
found a course to the lagoon. The remaining
four turtles showed no reaction at all and
were replaced with four fresh ones. After four
minutes all these were well down the 10-de-
gree sector towarda the lagoon, which the first
turtle entered 19 minutes after the start of the
tost.

TEsT 21

Date, TiME, axp Samrre: August 29,
1958, 1445 hours; 10 voung, emerged during
night of August 26, kept in dry pen prior to
test.

Conpitions oF Test: (See fig. 21). Light
rain, complete overcast. This test involved
maximum eonfusion and obstruction of the
horizon and surroundings and, in addition, of-
fered a choice between bodies of water. The
sea was 100 yards, the lagoon about 40, away.

: f‘i #;r. W”{é 10 yds

il ko st arnie

""E,.‘-‘ o b 13‘-} -;'. -\:%

* "BEACH X, e BURE
.': - : :'rls ::.g

R Wross 2 i i
CL -
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Fiz, 21, Sketch of premises of camp, showing conditions of test 21,

The site of release was the back vard of the
camp, where buildings, trees, boxes, dogs,
chickens, and miscellaneous debria broke the
horizon in every direction, cxcept for a 10-
degree slot angling obliquely towards the surf
fine by the north end of the house, Although
the sea was not visible, the narrow seaward
outlook was by far the least obstructed and
best ifluminated one.

REsvLTs: Alter one minute, cne turtle had
taken a heading towards the corridor leading
towards the ocean. Alter three minutes, all
were heading into it. Aa they approached the
house there was much confusion and stopping
and taking of what, for want of a good name,
we have called the “inspection stance''—a
standard attitude in which the hatchling
stops, raisea ita body slightly off the ground
anteriorly, and, with neck outstretched at a
A5-degree angle, remaing motionless for sev-
eral or for many seconds. This could congeiv-
ably be a simple act of landscape appraisal,
but more likely it involves a sensory search
for eomie more epecial cue. In any case, the
turtle usually moves off with evidenthy re-
newed energy (“confidence’) at the end of
such a stop. Perhaps this is a rudimentary, or
vestigial, form of the “orientation circle™ of
hatchling Dermockelys (see Carr and Ogren,
1950, which the piveting and irregulacly cir-
cular interruptions of heading observed in
other young green turtles may be aleo. In the
present case, all the turtles entered the sea,
the last ‘being found on the lower beach an
hour aTter the time of release, The trail of this
last individual showed that it had abandoned
the clear path taken by the others and had
come around the south end of the house,
When found, it was evidently tired and was
crawling slowly and jerkily towards the wa-
ter. On reaching the wave wash, it was thrown

back three times before finally getting into
and past the surf.

Test 22

Datr, TIME, AND 3SAMPLE: Awgust 2,
1938; 2015 hours; 10 voung, emerged during
night of August 17, kept in dry pen,

CowpiTions oF TesT: Clear night: three-
quarter moon, 35 degrees up in west. Site of
release, back yard of camp, as in preceding
daytime teat,

REsULTS: During the firat few minubes all
hatchlings found headings, but the grass in
front of the house, when reached, interrupted
progress towards the beach. After two hours
two turtles were found still crawling in the
vard, and the others had been lost from viewin
the grass, This performance seemed much
less effective than that of the sample re-
leased in the same place by daylight. (Cf.
Anderson, 1958, who found fresh-water
hatchlings unable to crient on dark nights
amid elutter characteristic of nesting aites of
fresh-water turtles.)

Tesrs 23-37

Tests 23 through 37 were made o the low
gandy tip of the spit at the northern end of
the Tortuguero peninsula. A curve of the
river cuts into the peninsula just short of the
tip, making a deep cove there, The river then
swings inland, then directly seaward, to join
the Caribbean at the bar (as the Crecles call
the pass). The end of the peninsula is thus a
gpit shaped like a golf club, with the head al-
most completely surrounded by water—the
cove, the river, and, to the east, the sea, This
whole oblong area is low and sandy and, al-
though strewn with Hocd litter from the river
and sea and set with low brush or patches of
graes, is without woody wvegetation. The
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cleanest distant horizons from any point on
the spit are the horizon to seaward and that
upstream across the cove. Various degrees of
blocking of the outlock were achieved by
varying the point of release with reference to
foreground litter on the spit; to the spread of
open (or hyacinth-covered) water of the cove;
to the relatively narrow river (bordered on
the west by high shore forest); and to the
pass, with the isolated mass of Cerro Tortu-
guero rising to the north, and with open otean
to the east.

TesT 23

Dare, TiME, AND SaMPLE: August 20,
19058; 1025 hours; 10 young, emerged during
night of August 17, kept in dry pen prior to
test.

Coxprrroxs oF TEsT: (See fig. 22). Cloudy
day, with intermittent light rain. Turtles re-
leased on bank of cove, where a clean, hard
sand heach, 10 feet wide, lay between the in-
ghore litter and the water. The cove was free
of hyacinths; the water was only a few inches
deep for some 20 feet out from shore.

REsULTS: Five turtles headed directly for,
and enterad, the water, The other five showed
some hesitation, making frequent reversals of
direction, geing in and out of the inch-deep
water for eight minutes before the last en-
tered. Once in the water, for a time all swam
straight away from the bank (which ran in an
east-west direction) and across the cove in an

LAGDON

upstream direction. About 20 yards out from
shore each in turn scemed to become con-
fused, abandoned its straight course, and
swam about in gimless, irregular sallies sepa-
rated by pauses, during which it dog-paddled
about with neck upstretched. In this disori-
ented and seemingly helpless state the group
gradually scattered. After 15 minutes the
only turtle in sight was one still pursuing an
erratic course in the river parallel to the west
ghore of the peninsula. The initial drive in this
case saon broke down, Such behavioral break-
down suggests that successful orientation,
after the water is reached, may depend in part
on the orderly sequence of the stimuli pre-
sented during the normal approach to and
traversal of sea surf, After the first 20-yvard
movement to the southward the movements
of all these hatchlings in the calm water of the
cove and river seemed wholly random.

Tesr 24

Dare, Tiug, AND SamrPLeE: Auvgost 20,
1938 1005 hours; 10 voung, emerged during
night of August 17, kept in dry pen.

ConpiTions oF Test: (See fig. 22). Cloudy
day, with intermittent light rain. Turtles re-
leased in a litter of old hyacinth rafte on shore
of cove, where the shortest route to water was
25 feet in an upstream direction (towards a
bright horizon and parallel to the sea beach
bevond which the sky was also brightly il-
luminated).

Fia. 22. Region at mouth of Tortuguero River, showing conditions of tests 23, 24, and 25, The arrows
indicate general headings taken by individuals or by sabgroups of the sample.
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prsvrrs: Five found direct paths to the
cove: five othera hesitated and wandered aim-
lesaly for a while, four minutes elapsing before
the last had found a proper conrse not later
abandoned. The progress of all these was
hindered by the litter of aticks and hyvacinth
wrack, As each entered the water it encount-
ered hvacinths drfting about in the back-
water. These were warious distances from
shore and in masses of various sizes, and they
seomed to be a disorienting factor for all the
hatchlings, causing them to veer about on
aimless headings, The only consistent tend-
ency was an eastward heading by {four tur-
tles which bore away from the rafts and
towards the west shore of the peninsula (with
the ocean sky behind it). Twenty-five min-
ntes alter relesse, the heads of some of the
turtles were still bobbing up among the hy-
a:::FutEla, but soon afterward they were lost to
VIEW,

TeE3T 25

DatE, TIME, A¥D SAMPLE: August 23,
1958; 1313 hours; 10 young, emerged during
night of August 11, kept in tank of water
prior to test.

CowpiTions oF TesT: (See fig. 22), Day
bright, with some haze. Turtles released on
north shore of cove, 25 feet from the water
and elightly to the west of release point in pre-
ceding test. Although no major obstruction

lay to seaward, the gencrally clearest and
brightest prospect was that across the cove
and up the river to northward.

ResvrTs: Reaction of sample immediate
and strong. All headed at once for the water
of the cove, one angling towards the river, the
rest going almost directly. The spread of all
the trails at the water's edge was 3 yardas.
Onee in the water, three seemed confused, re-
turning repeatedly to shore and swimming
parallel with the bank for a long distance. The
rest fanned out over the cove and were lost to
view.

TesT 26

Date, TIME, AND SamrLE: August 23
1958; 1328 hours; 10 young, emerged during
night of August 11, kept in tank of water,

Conprrions oF Test: (See fig, 23). Day
hazy-bright, with thin clouds and intermit-
tent full sun. Turtles released just south of
site of release in preceding test, where 7 feet
of litter and 12 feet of clean beach soparated
them from the water of the cove, Heavy de-
bris in all other directions.

REsuLTS: One turtle headed southwest
towards the river, across the trash-strewn
spit. The rest took almast direct headings, the
first reaching the water within one minute,
the last within three minutes, The spread of
the trails of these was 30 feet at the edge of
the water. The hatchling that took the west-

]
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Fie. 23, Region at mouth of Tortuguera River, showing conditions of tests 26, 27, 28, and 29, The
arrows indicate general headings taken by individuals or by subgroups of the sample.
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erly course eventually entered the lagoon.
Once in the water, all swam off upstream,
their heads bobbing up at intervals of about
five seconds for as long as they remained in
VIEw.

TEsT 27

Date, Tive, AND SAMPLE: August 27,
1958; 1228 hours; 10 young, emerged during
night of August 25, kept in dry pen.

Coxmmiong oF TEST: (See fig, 23). Clear
day. Site of release opposite head of cove, 12
feet from water, on clean, flat beach just in
front of a 4-foot stand of panic grass.

Besonrs: All headed for the shore of the
cove, and within two minutes all were in the
water. One later erawled back onto the bank
but quickly reéntered the water.

Test 28

Date, TiME, AND SAMPLE: August 2V,
1958; 1240 hours; 10 young, emerged during
night of August 25, kept in dry pen.

Coxmrions oF TesT: (See fig. 23). Clear
day. Turtles released 30 feet from north shore
of cove, in an uncluttered area of sand, with
scattered shrubs and tall grasses to seaward.

REsuLTs: Reaction of sample weak and er-
patic, although there was a general tendency
to head overland towards the river, more than
100 yards away. The extreme heat of the sand
appeared to be the cause of the feeble re-
sponee, When one turtle died, evidently from
the heat, the rest were picked up, and the test
was cided.

Trst 20

Dare, TiME, awp Sampre: August 20,

1958; 1045 howrs; 10 voung; emerged during
night of August 17, kept in dry pen.

CoxmtioNs oF Test: (See fg. 23). Sky
overcast, Site of release 15 feet from water at
the northern side of the cove where it joined
the river.

FusyurTs: One turtle headed for lagoon by
the most direct route, reaching it after five
minuties’ travel. The others all took headings
towards the gea (thus “inland" with respect
to the tip of the peninsula) and parallel to the
ghore of the cove. At first much hindered by
debris (stranded hyacinth rafts) these, one by
one, worked into the incurving, clear, shore
zone of the cove and entered the water, Here
each continued its “seaward" course, swim-

ming across the cove towards its inner shore,
In the middle of the cove all were lost to view
when caught by current and eddies or hidden
by drifting hyacinths., There seemed a clear
tendency here for the sample hatchlings, after
entering the water, to swim towards the
bright sea-sky rather than to the locally less
obatructed up-river outlook,

Test 30

DatE, TiME, AND SaMrie: August 20,
1958; 1100 hours; 10 voung, emerged during
night of August 17, kept in dry pen.

Connrrions oF Test: (See fig. 24). Sky
overcast. Turtles released 15 feet from water
on clean, hard sand at north side of cove,
where it joins the river. The most inohe
structed outlook lay to the south, across the
cove, and upriver, The brightest sky seemed
to be that over the sea in the direction of the
pags, The path in this direction lay across low,
relatively flat ground. There was only low
clutter to obstruct the way in this direction,
and from turtle-eye level it must have nﬂereﬁ
the most open outlook.

REesurTs: After 15 minutes three turtll:i
were heading “inland,” that is, were croasing
the broadest expanse of dry land that present-
ed itgel[~——that leading to the sea and the pasa
The others had gone directly to the lagoon,
where all swam eastward until they, tos, wers
heading in a seaward direction. This sample
was clearly faced by two competing initial at-
tractions: the bright seaward sky, with rela-
tively open foreground, and the more imme-
diately accessible water of the lagoon. Al-
though separated at the start, all the
hatchlings eventually headed eastward (sea-
ward), part on land and part in the water:

Tear 31

Date, TIME, AWD SampLeE: August 20,
1958; 1120 hours; 10 young, emerged during
night of August 17, kept in dry pen.

CoMpitioNs oF TeEsT: [(Sce fig. 24). Uwver-
cast sloy. Sample released on west tip of spit, 5
feet from water of river.

Resurté: All crawled directly into the
river, and there swam away upstream against
the current.

Test 32

Darte, TiME, aND SAMPLE: August 23,
1958; 1340 hours; 10 young, emerged during
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Fic. 24. Region at mouth of Tortoguero River, showing eonditions of tests 30, 31, 32, and 33. The
arrows indicate general headings taken by individuals or by subgroups of the sample.

night of August 11, kept in tank of water
prior to test.

CowpiTrons oF TEST: (See fig. 24). Hazy-
bright day, with intermittent full sun. Turtles
released in trash on shore of pass 10 feet from
neavest water, All took initial headings paral-
lel to edge of water, and towards the sea off
the mouth of the pass. Three soon turned
towards pass, entered it, and swam upstream.
The rest were slowed by heavy debris. The
test ended when the observer's dugout drifted
away and hed to be retrieved,

Test 33

Date, TiME, AND SamriLe: August 20,
1938; 1130 hours; 10 young, emerged during
night of August 17, kept in dry pen.

CoxpiTions oF TEST: (See fig. 24), Sky
overcast. Turtles released 25 feet from pass on
clear, level sand, surrounded by water for
about 300 degrees. The sea was 100 vards

away and made the horizon from turtle-eve -

level.

Resurrs: After four minutes all were head-
ing seaward parallel to shore of inlet, crawling
steadily and actively. The gpread of trails was
6 yards at the site of release and 42 yards
where the turtles entered the sea.

TesTt 34

Datgr, TiME, ANp SamMPLE: August 23,
1958; 1435 hours; 10 young, emerged during
night of August 11, kept in tank of water,

CoNprrions oF TrST: (See fig. 25). Hazy
and partly cloudy, with occasional full sun-
shine. Site of release 50 feet back from the
water of the pass, near the mid point in the
long, east-west axis of the spit, where the sea
horizon and aurf were visible off the mouth of
the pass, 100 yards away. In the opposite di-
rection the upstream horizon was open and
bright.

Restrirs: At the outset the eample broke
up into three groups, one going towards the
sea parallel to the shore of the inlet, one head-
ing directly for the inlet, and the third geing
directly away from the sea and towsrds the
eastern shore of the river, The four individ-
uals heading towards the ocean moved with
markedly more “confidence” and energy than
the othera. Those that went west hesitated
aid made several reversals of course before
finally reaching the water.

TEsT 35

Date, TiME, AND SaMPLE: August 23,
1958; 1428 hours; 10 young, emerged during
night of August 11, kept in water in tanlk,

ConpiTions of Test: (See fg. 25). Day
hazy-bright, with thin clouds and intermit-
tent full sunlight. Paint of release midway be-
tween sea and river (100 yards from cach), 40
feet back from the pass. Surrounding terrain
with considerable low clutter,

Resvrrs: This was an unuseally active
group. All reacted immediately and quickly
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took courses not later abandoned. Five went
towards the ocean off the pass and five headed
in the opposite direction, towards the cove,
As in some of the preceding tests, the nearest
water (the river) was not sought, perhaps be-
cause the forest on the far shore blocked the
prospect. Each of the two groups went
towards what, to a man, seemed the bright
and unobstructed horizons.

MiscELLAWEOUS TESTS WITH
Harcorines AND wite Mature
FEMALES ASHORE TO MEST

Test 36

Date, Tive, AND SAaMPLE: September 9,
1957 ; 1400 hours; 17 voung, just emerged.

Coxprmions oF Test: Clear day, Hatch-
lings blindfolded with hoods of adhesive tape.
Released on almost flat expanse of beach very
glightly inclined upward towards the sea.

REsvLTS: One of the group not blindfolded
made off directly towards the sea and entered
the surf. The others scuttled aimlessly about,
evidently completely lost. After seven min-
utes, three had reached the water by circui-
tous courses, quite clearly by accident. The
rest scattered for about 20 vards up and down
the beach, making only incidental progress
towards the sea, Eventually two managed to
serape off their blindfolds, and these immedi-
ately oricnted properly and entered the
waler,

The test was repeated with 11 hatehlings,

VOL. 121

not the same ones used above, but from the
same egg clutch. One of these reached the wa-
ter on a long, angling heading., The rest scat-
tered up and down the beach,

TEsT 37

Date, TIME, ARD SaMmrrE: August 15,
1957: noon: four mature females, turnmed
when they emerged to lay the night before,

Cowmitions oF Test: Clear day. Eves of
turtles heavily covered with gauze bandage
and adhesive tape. Released on open shore, 15
to 65 feet from wave-washed sea beach.

Resurts oF TEsT: All four moved about at
random, with frequent stops during which
they craned their necks or twisted their heads
sideways. Reversals of heading and circular
mterruptions of course were frequent. These
blinded individuals showed more marked
tendency tomake an "orientation circle” than
any turtles we had tested except the trunlke-
back (see Carr and Ogren, 1959). While mak-
ing one such circle, one of the turtles reached
the sea when she tumbled down an undercut
bank some distance down the shore from the
pont of release, The others kept moving at
random, until finally the blindfolds were re-
moved, Each then quickly took direct sea-
ward headings and entered the surf.

Test 38

Date, TiME, AMD SAMPLE: August 16,
1958; 0900 hours: one adult female, taken

Fiz. 25 Region at mouth of Tortuguero River, showing conditions of tests 34 and 33, The ammows
incdicate general beadings taken by individueals or by subgroups of the sample
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Fig. 26, Sketch showing conditions and summarizing results of trials in test 40,

the night before when reéntering the sea after
# trial emergence (when she did not nest).
Cowmirions oF TEst: The turtle was
dragged on her back to a point behind the
camp house 100 yards from the sea and about
30 yards from the lagoon and released amid
heavy and miscellanecus clutter {including
the house) which hid the seg completely,
Resurts: The turtle turned and maoved
streight towards the beach on & course that
took her under the camp house. After clatter
ing about among boards and bottles there, she
reversed her heading, came out from under
the house, turned again, and continued sea-
ward around its southern end. She reached the
surf without further digression or hesitation.

Test 39

Datr, TiME, AND SaMpLre: August 13,
" 1957; mid afternoon; three YOUNE, 00 year
oid, kept in tank at hatching site {Tortuguero
camp) prior to time of trial.

Cowmirions or TEsT: Clear day. Point of
release 60 feet from sea on open beach, with
slight initjal grade upward towards the water.

ULTS: All showed hesitancy at first,
with short zigzag runs and reversals, Fach
made two or more rough circles, sugpestive of
the more formal orientation circles of young
Lermochelys (Carr and Ogren, 1959), Aflter
five minutes all three had taken direct head-
es towards the surf. All were picked up just

fore they entered the water, (OF five year-

ling hawksbille with the same history, re-
leased at the same time, only one found the
water,)

TrEsT 40

To determine initial headings and behaviar
on redntering the sea, 14 mature females,
taken the night before when they had come
ashore to nest, were marked with halloans
and released on the beach. In three cases the
line fzetening the balloon to the shell was too
short to let it rise to the surface, Results of
the 11 other tests (in which the lines ueed
were 36 feet long) are given below. The num-
bers are those of the fin tags with which the
turtles were marked. In each case the direc-
tion given is a bearing taken on the balloon
from the point of release (see fig. 25). After
the first few feet, the axial orientation of the
turtle's body could of course not be seen, znd
the changes in position that had occurred
may have been due to set as well as to actual
headway.,

Numees 641: September 7, 1957, Turned
sharply southward on being lifted by surf.
After about 50 vards on this course, she
turned seaward. Balloon lost to view 1000
yards out, a little less than 15 minutes after
release, Last bearing, east-northeast,

Nuuger 640: September 7, 1957, Angled
sharply to southward immediately on enter-
ing surf and swam about 50 vards before
changing - course to cast-northeast to east,
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after about 15 minutes. Balloon lost from
view about 1000 yards out when bearing was
east-northeast to east.

Nvsaer 652: September 8, 1957, Headed
straight out through breakers, reaching calm
water bevond surf after four or five minutes,
blowing three times on the way. Then she
turned to the right into an east-northeast
heading and held this until the balloon dis-
appeared 1000 to 1200 yards out; bearing
easl-northeast to east,

Nursmaer 646: Conditions and results as in
the preceding case.

Nusmner 644: September 8, 1957, Turned
abruptly northward on being lifted by wave
wash and swam about 50 vards along beach.
Then she turned seaward, went through outer
breakers, and after 15 minutes disappeared
1004 yards out on heading indistinguishable
from that taken by preceding turtles; bearing
east-northeast to east,

Numper 643: September 8, 1957. As ob-
served and recorded, results exactly as in case
of Wa. 652 above,

MumpER 642: Conditions and results as in
preceding.

Nusmser 6536: July 1, 1958. Overcast sky
anid heavy surf, Turtle released at edge of wa-
ter at 1012 hours, After three minutes she was
still in the surf, heading south, but being car-
ried northward by current. After six minutes
che was 60 vards out, atill in outer breakers
and still heading south, but now back abreast
of starting point. After 12 minutes, about 100
vards out, at seaward edge of surf zone, a
little to the south of the starting point. After
23 minutes, out of sight beyond surf; bearing

from release point, east-northeast to east.

NuMeer 759; August 11, 1958, Sky clear;
surl moderate. Turtle released at 0750 houra.
After two minutes in near brealers 200 vards
out, she was directly off point of release, hav-
ing blown twice up to that point. After 12
minutes, 904 yarda out, bearing east-north-
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east to east. After 16 minutes, about 14040
yards out. After 35 minutes, balloon barely

visible, intermittently; bearing still east-
northeast to east.

MNuMBER T97: September 2, 1958, A turtle
that had been caught during a trial emer-
gence and had not laid was released at 0950
hours. Through the surf she took a course an-
gling to northward. After 25 minutes she was
about 1 mile offshore; bearing east-northeast
to east,

Uxraceen TurtLE: Released September 3,
1958, at 0821 houra. After four minutes, be-
vood outer breakers, 175 vards out. After 11
minutes 300 yards out, bearing north-north-
east, After 23 minutes bearing shifted to east-
northeast to east. After 39 minutes, disap-
peared about 1 mile owt, bearing still
east-northeast to east. '

The fact that in all these tests the retreat-
ing turtle was almost abreast of the point of
release when the balloon disappeared might
be taken as indication that the initial urge
was simply to get away from shore. But it is
of interest to consider that, at the extreme
distances involved in these scant observa-
tions, the seaward course was still evidently
being found and held, in spite of strong cur-
rent set and of the greatly extended open sea
horizon. The brightness of the sea-sly may
have been the initial cue, but to a turtle a mile
off shore this horizon would have been so ex-
tended that its value as a source of guidance
information to an animal that travels by light
sense would seem small (unkfess the use of po-
larization patterns could be postulated).
Tests of this kind with larger, helium-filled
balloons and longer lines, tracked by an ob-
server with a range finder and in an elevated
station, may be expected to yield data of
some relevance to the problem of high-seas

navigation, or at least to the question of what
turtles do between their successive nesting
emergences during a season at the rookery.




SUMMARY

i. OF 1178 MATURE FEMALE green turtles
tagged at Tortuguero during five seasons,
there have been 3§ international recoveries,
gome from the farthest reaches of the western
Caribbean. The data strengthen the assump-
tion that the green turtle is a migratory anj-
mal and suggest that Tortuguero may be the
chief remaining nesting center for all pnpula-
tions of the western Caribbean.

2. The average over-all shell length for the
nesting colony (1146 individuals) iz 394
inches,

3. Returns of tagged turtles to Tortuguero
reveal that a three-year nesting schedule pre-
dominates, as Harrisson (1956} found to be
the case in the China Sea. Of the Costa Rican
turtles, howewver, a minority nest each two
years; but two-year nesters are evidently not
found in all populations, We have had no re-
turn after an abeence of only one vear,

4, Renesting occurs at Tortuguero at in-
tervals of from 12 to 14 (average 12.5) days,
and we find six nestings to be the :;aIcuTah:d
maximum for a season,

3. The average incubation period for 11:r
nesta at Tortuguero was found to be 57.5 (48
to 10} days.

6. Ohservations on group facilitation in
emerging hatchlings are discussed.

7. Mesting behzavior is brolen down into a
series of stages that appear to be shared by all
s¢a turtles. Ethologic divergence in this be-
behavior involves minor mannerisms only.

8. Evidence of site tenacity, from both
long-term and renesting returns, is given, and
the orientation life of the green turtle is dis-
cussed in general terms,

9. Results of a series of informal field tests
of orientation capacity and flexibility in
batchlings and in femzles cn shore to nest
may be summarized as follows:

A. The fundamental goal sense involves via-
val =timuli,

B. The fundamental response may be a
modified phototaxis (or a light-compass reac-
tion, with an angle of 0°) which superficial
field tests {our own and those of others) sug-
gest i a drive towards “openness of outlook,”
meaning, probably, towards the sort of :Hnm-;-
nelion that comes from openness of outlook.
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It conceivably could involve in part, as An-
derson {1958) suggested, a negative response
to the loom of dark objects.

C. Whatever the character of the gnidance
information, it is awvailable to green turtle
hatchlings by day or by night, when sun or
moon are over the zea or over the land, when
the weather is clear or overcast. We made no
tests in heavy rain.

D). The fundamental goal sense in hatch-
lings is not specific for the ancestral body of
water; any body of water of extent sufficient
to provide the requisite “openness of out-
look' will serve to draw them.

E. In the response of voung turtles tolight
there is & complex relation between intensity
and area. The sea-sky draws them away [rom
the sun or from & full moon, when cither is
over the land. A moderate area of uncb-
structed [oreground, however (the lagoon in
our tests, at a distance of 10 feet), sometimes
attracts them away from a much more exten-
sive area in the background (such as the sea
across a hundred yards of bush-strewn
beach). It is of interest that this relation be-
tween intensity and area is reversed in the
caee of the very strong light of a gasoline lan-
tern which overrides any other attraction
when set by the water at night, as in the case
of Dermockelys hatchlings (Carr and Ogren,
1959). Such light even draws the voung tur-
tlea bitck on shore after they have entered the
wave wash,

F. The fondamental goal drive (the telo-
taxia) ia by no means adequate to account for
the capacity to orient in normally broken
beach landscape, much less in the extremes of
topographic irregularity and clutter in which
orientation is successfully carried out. A vari-
ety of senses and of sources of topical infor-
mation clearly is involved in each trip from
the nest to the sea,

G. The “orientation circle” of hatchling
trunkbacks (Carr and Ogren, 1959) appears
to have only rudimentary representation in
the green turtle.

H. Young turtles may retain both their
gl senee and their capacity for topical reori-
entation when held in captivity for long peri-
ofs after hatching, even when kept in tanks,
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where the swimming and feeding responses
{which normally come after the sea finding
venture) are allowed to develop, This sug-
gests that neonate young may find the eea in
the same way that a female returning from
nesting finds it. If this process in turn should
prove to duplicate, wholly or in part, the ori-
entation pattern of the adult in its high-seas
navigation, an approach to the study of the
latter through experimentation with hatch-

VoL, 121

lings (easily obtainable in numbers, easily
manipulated, and from birth koown to be
provided with a strong goal drive) would seem

promising. However, the fact that Cartbbean
hatchlings go readily to a strange ocean when
allowed to emerge from an artificial nest on
the Pacific shore suggests that taxes, and not
compass sense, predominate in the water-
finding orientation of young turtles,
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