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A MODEL OF THE EVOLUTION OF GREEN TURTLE
{CHELONIA MYDAS) REMICRATIONS
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ABFTRACT:  Although it is most probable that the witimate fsctors lesding o long-range
remigrutions of green turtles are pob the supe for all populations, i i hypothesized in this
paper that seme of the better-koovom green turtle remigmtions had their orgins in short distancos
mwvements between feeding pastures and pearly pesting beaches, The feeding pasture was
the cemter of activity, and mevements to the nesting beach were based wpen a Familiasity
with the bical enviromment. Semipermapent residents were selected for because of changing
oonditions on the feeding pasture or on the nesting beach.  Paszsive drift &0 dominast
surfucs currents probably gave rise o some of the first distant remigrations, A refinement
af passive drift incledes an adolt’s identificotion of o previous nesting site, ancd this shart-range
discriminatnry ability mny have beom o precursor o Jong-range, umidirectionnl koming, and
this in furm bo brue oavigation, Some of the lmg-distance remdgmtions seem todsy, although
highly developed, may only be remnants of more widespread patterns that are now selected

for Becansy of their survival value

Most ecological research on the green
turtle {Chelonia mydes) has  centored
wround the nesting begches, and as a result
much biolegie information Iz available on
such things as the nesting behavior and
Fecundity parameters of adult females as
well as the behavior of hatchlings on the
beach. Because investigators customarily
tag and measure the nesting female, there
now exist thousands of tagging records
along with hundreds of long-distance re-
captures, Discussion of tagging recoveries
usually focuses on dispersion from the nest-
ing beach along with speculation as to the
semsory mechanisns which bring the adult
temale back to the nesting beach in sub-
sequent vears.  Such conceptualizing has
marit hecause marine turtles must lay eggs
on land and as onlvy certain beaches are ap-
propriate, & biss for specific beaches must
have appeared early in green turtle phy-
lgeny.

In this paper, I discuss both ends of the
remigration—the nesting beach and the
feeding pasture, T consider the feeding
pasture of the adults the center of activity
[ becanse by all accounts the typical adult
turtle spends most of its life there), and 1
speculate on the evolution of remigrations

from the feeding pasture to the nesting
beach and back to the feeding pasture.
Further, drawing upon different contem-
parary models, T try to place what is known
about the remigrations of green turtles into
mn evolutionary framework. [ hypothesize
that the first green turtles were permanent
residents and that some of the remarkable
long-distance remigrations observed today
have evolved through ordinary mechanising
of natural selection. In this paper, T discuss
omly a few of the many possible steps in
the evolutionary development of the remi-
grations, namely: permanent residents,
somipermanent rvesidents, passive drifters,
driftors  with short-range  diseriminatory
powers, fived direction remigrants, and true
navigators, However, I am not proposing
that cvery population of navigators extant
tedlay has passed through all of these
stages, Each remigrating population iz of
course molded by specific selection pres-
surcs. Also I do not discuss proximate fac-
tors that might be invelved in the remigra-
tions. This paper is basically an attempt to
discuss - how such an incredible feat as
navigation could have evolved over geo-
logic time along a comtinnum from simple
to complex movements,
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I use the word migration when referring
b o one-way movement, say from the feed-
ing pasture to the nesting beach. A re-
migrant is a reproductively mature female
or male who makes periodic movements
from the feeding pasture to the nesting
beach and back to the feeding pasture
Based on the available remigration records,
it is generally accepted that most green
turtles nest every 2, 3 or 4 vears. Tagging
records also indicate that adult females
tend to return to the same nesting heach
for oviposition (recent data reviewed by
Carr and Carr, 1972),

A renester is a female who nests sevoral
times during a single season and  whose
sites of oviposition throughout the season
are relatively near each other or at least in
the same general arca of the beach, Carr
amd Carr {1972) have described the site
Hxity in the Caribbean green turtle on the
most intensively studied green turtle beach
in -the world—that at Tortuguern, Costa
Rica,

Most green turtles nest from 4 to 8 Hmes
each season at 10- to 15-day  intervals,
However, evidence 15 acoumulating that
fewer renestings are not uncommon, The
number of eggs laid in each cluteh varies
from 1 population to another but in most
populations averapes somewhat In excess
aof 100, Females uwsually remain in the
vicinity of the westing beach during in-
tervale between nesting.

As far as T know, copulation takes place
only in shallow water off the nesting beach,
Whether this insemination serves to fertiliae
the current season’s eggs or whether sper-
matozoa are stoved to lertilize su tent
clutches {2, 3 or 4 vears later) remains un-
resolved  (Carr, 1985; Booth and Peters,
1972, Simon et al., 1975},

Creen turtles of both sexes are chiefy
herhivorous as adults, with some popula-
tions preferring algae and others preferring
sen grasses, However, animal food may be
an important supplement to their diet,

Little is known about the life history of
the male green turtle, As far as their re-
migrations are concerned, 1 assume that
males leave the feeding pasture along with
the females. Whether they go back to the
feeding grounds with the females at the
end of the nesting season or whether they
leave the breeding beaches before the fe-
males is unknown,

The Original Pattern—I hypothesize that
the first green turtles (or their sea turtle
angestors) nested and fed in areas that
were in close proximity to each other; ie,
the turtles were pormanent residents. A
familiarity with sensory cues provided by
both the resident area and the immediate
surrimnding ares could serve as the basis
tor piloting between feeding ground and
nesting site. The original condition may
still be ohserved today near remote islands
and mear remote sections of mainland
besich. For example, 1 speculate that some
turtles nesting on some atolls in the South
Pacitic Ooean, some slands in the Red
Seq, and on some beaches in Somalia, re-
main in the vicinity of the nesting site
vear round, Comelins ( 1976) suppests that
the green turtles nesting at Naranjo, Costa
Hica, may be a resident population.

Limitations of Nearby Nesting Sites—In
primal times, the nesting population on
beaches with limited nesting space, for ex-
ample islands, was probably regulated by
the mechanism of densitv-dependent nest
destruction as described by Bustard and
Tognetti (1969). Such regulation of popu-
lation size can probably still be seen today
on some of the Barrier Reef cavs of Aus.
tralin {Bustard and Tognetti, 1968), at
Ithmun Beach on the Arabian peninsula
during the northeast monsoon { Hirth and
Cuarr, 1870) and on Europa Island in the
Mozambigue Channel ({Hughes, 1971).
Where several species of sea turtles use the
same nesting beach at the same time, in-
terspecific nest destruetion can sometimes
b very significant [ Bustard, 1972).

If mesting space is not limiting, a density-
intolerant females response to a crowded
nesting beach could be to move out laterally
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along the island or mainland beach, thus
increasing the linear size of the mokery,
Another response to crowded nesting con.
ditions could be the shitting of the time of
oviposition. This response could have led
eventually to year-round nesting by the
population as a whole (providing avail-
ability of males for imsemination). Such
behavioral shitts may be operating today
on crowded, isolated beaches.

Topographic changes in the zize or com-
position of the nesting beach could also
provide the impetus for oviposition on dif-
ferent, neighboring beaches. For example,
Schulz {1975} has described how some
Surinarm green turtles search for new, ad-
jucent nesting sites when their former nest-
ing sites are no longer appropriate dus to
beach erosion.

On a geologic time scale, the glacial and
interglacial periods could have altemmately
exposed and then inudated certain island
and coastal nesting beaches, causing be-
havioral shifts in nest site selection,

High concentrations of turtles om the
beach and in offshore waters oo doubt at-
tract prodators, Thus, the ultimate size of
a breeding population, especially  those
utilizing mainland nesting beaches, may be
limited by beach predators (preying upon
eggs, hatchlings and even adult females)
and by predatory fishes in the littoral, Lists
of avian, terrestrial and marine predators
have been compiled by Hirth (1971},

Movements Away from the Resident
Argg—Semipermanent residents may have
evolved from permanent residents via sev-
eral routes, Two such routes, already al-
luded to, are those of the gravid ndivid.
nal who is deterred from nesting on the
nearest beach because of overcrowded con-
ditions or becanse of beach erosion, An-
other route might be exemplified by a
female nesting on the nearest beach to her
feeding area one year and then expanding
her fesding area in succeeding vears with
nesting in the subsequent vears on the
nearest suitable beach to the new feeding
locality, Such a beach is found by search-
ing, In her search the femole seeks out a
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negting site similar to that selected in pre-
vious nestings. Expansion of the feeding
range could be in response to changes in
climate or topography, or change in quality
or auantity of the food. For example,
changes in climate could change such things
as water salinity which affects growth aof
marine  spermatophytes and  algae and
hence affects cholee of feeding sites by
green turtles. A semipermanent resident
eould also be an individual who nests on
the nearest suitable beach to the resident
ares one year and who passively drifts with
o current bo a more distant beach another
year.

Pagsive Driff—Passive drift with domi-
nant surlace currents, as in a gvre, hoth
away from and back to the feeding pasture
was probably the simplest way that new,
more distant nesting beaches were estab-
lished in the past. The first drifters, float-
ing randomly in & variety of currents prob.
ably suffered high mortality but selection
waould favor the trait if resident rookeries
were overcrowded or were subject to heavy
predation, and if hatehing success was het-
ter on the newer breeding beaches, It
seems reasonahle that even today, drifting
or wandering individuals could serve as
important substrates for natural selection,
Swimming with corrents could be ener-
getically advantageous even if sometimes
such a route were indirect and involved
an increase in travel distance, The use of
oceanic currents by green turtles might be
analogous to the use of wind currents by
migrating lirds.

Figure 1 oontlines 2 simple remigration
patterns based on passive drift with oo
rents. In the simplest pattern, currents
carry the adults directly to the nesting
beach and oviposition takes place when re-
productive drives peak. Adults are carried
back to the feeding pasture also by cur-

rentsi Richard and Huoghes (1972) postu-

late that greem turtles nesting at Tortu-
guere, Costa Rica, are passively carried by
currents to the vicinity of that beach from
teeding groumds off Nicaragua, The idea
of passive drift is further discussed by
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Foz. 1—A soemarin showing how passive drift-
ers coubd have established some of the fist dis-
tanl pemigrations,

Hughes and Richard {1974) with special
reference to the ridley turtle { Lepidochelys
olicacea). Conversely, Carr {1972) specu-
lates that an olfactory and sun-compass
mechanism along with current systems are
utilized by green turtles nesting at Tortu-
guern.  The available evidence seems to
support Carr's position on this matter.

If currents are importunt means of trans-
port to some nesting sites, it could mean
that some of the beaches that were good
nesting sites in the past are not now he-
cause currents have changed as a result of
geomorphic processes,

A more highly developed pattermn (see
Fig. 1) has the corents bringing the ovig-
erous females and adult males to the
vicinity of the nesting beaches, First time
nesters simply swim out of the curvent and
nest on the nearest appropriate beach when
their reproductive drives peak. After sey-
eral rencstings the turtle converts its sue-
cossful nesting experiences into some sort of
long-term memaory or engram, Experienced

females search for the conditons which

were present during their previous nesting
episode, Lo, they possess some kind of
lomg-term memory and short-range  dis-
criminatory powers, These short-range coes
may be both edaphic and marine, and
sequentinlly or synergistically they may act
as triggers for oviposition. Hendrickson
(1858) postulates that renestings on the
beaches in Sarawak are due to some sort of
experience-memory Hxed by a “satisfactory™
nesting  experience.  Bustard  (1978) has
suggested that Australian green turtles
might utilize dominant surface currents 1o
get to the general vicinity of their nesting
beaches in the Capricorn Islands; and,
Balaws (1976) has pointed out that some
Hawaiian turtfes may be swimming with
prevailing currents to get to their nesting
beach om French Frigate Shoals,

Although the role of currents in the evo-
lution of remdgration is speculative there
is ample ground for belief that currents
play a role in the distribution of at least
some green turtles today, For example, it
is generally accepted that hatchlings, after
am initial, bricf period of swim-frenzy, drift
relatively passively in offshore currents
i perhaps with drifting Sargassum weed in
some localities ), for at least the first few
weeks or months of their lives. Witham
[ 1976) shows how carrents may effect the
distribution of yearling turtles. Develop-
mental migrations fnvolving mostly juve-
niles and subadults have been described
{Carr and Caldwell, 1956, Mowbray and
Caldwell, 1855; Carr, 1961; Burnett-Herkes,
14974) but whether ocean currents are di-
rectly involved iz unkoown, There is po
doubt but that some of the unusual distri.
bution records of green turtles, of all sizes,
are due to strays traveling in currents,
Brongersma {1972) for example, lists sev.
eral green turtles found in European waters
that probably crossed the Atlantic on gener-
ally eastward flowing currents,

Fived-Directionsl  Movements,—Turtles
homing into their nesting beach from short
ranges may have been the precumors of
long-range unidirectional remigrants. For
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example, Carr and Coleman (1874) de-
seribe how the present-day remigration be-
tween Brazil and Ascemsion Island could
have evolved through a pattern of swim-
ming roughly WNW-ESE.

In regards to the retum to a feeding
pasture, Pritchard ( 1976) hypothesizes that
some green turtles, returmning to Brazil after
nesting in Surinam and Fronch Guiana,
swim in a rather fixed (ESE) direction
until they encounter the Brazil Current
which brings them to their “final destina-
tion"—i.e, the algal feeding pastures off
the coast of Alagons. Referring to the same
meneral movement, Schulz (1975) states
that because the turtles recaptured enroute
to the feeding areas were taken near the
coast, the green turtles nesting in Surinam
perhaps do not need an open-sea naviga-
ticnal ability, In reference to Hawaiian
turtles, Balazs (1976) also mentions the
possibality of some degree of fixation to
the feeding site.

True Navigation—The most  highly
evolved remigrations are performed by
what might be called the true navipators.
The movement of these individuals away
from the feeding pasture is goal oriented,
ie, gll their movements are directed to-
ward a specific nesting heach., A return o
the same feeding pasture is also implied.
One of the highest forms of navigation is
portrayed by the adult female who nests
on her natal beach. Whether hatchling
imprinting to the natal beach eould have
evolved from the type of conditioning
which predisposes an adult to return to the
site or vicinity of her previous nesting is
polemic, although it does seem reasonable
that natural selection could favor the shift-
ing of the nest site conditioning to a
hatchling stage. The belief that hatch.
ling imprinting is a wviable phenomenon,
was the hasis for the green turtle restocking
project in the Caribbean (Carr, 19674,
1967hY, Although success of this program
has vet to be documented, the program
docs merit further experimentation. In this
regard, one might consider the possibility
that some turtle populations are composed

mainly of permanent residents and other
populations composed chiefly of e navi-
gators, Hemee, attention should be given
to matching-up donors { eges or hatchlings )
and conditions around transplanting sites,
OF course, other factors, such as the num-
ber of eggs or hatchlings transplanted,
could have an important bearing on their
subsequent survival and behavior in the
2
One of the most remarkable remigration
patterns, encompassing a straight-line dis.
tance of =2000 km, iovolves the preen
turtles which feed off Brazl and nest on
Ascemsion  Island. This remigration has
been discussed in terms of geotectomics
( Carr and Coleman, 1974) and olfactory
imprinting and a compass semse | Koch
et al, 1989, Carr, 1972 Carr and Carr,
1972}, In this model, the hatchlings and
spent adults drift passively back to Brazil
with the South Equatorial Cuorrent. The
fact that turtles from different subpopula-
tions {including Ascension turtles) may
mingle on the feeding pastures off Brazil
and yet sort themselves out and swim to
widely distant beaches for nesting { Pritch.
ard, 1973, 1876; Cuarr, 1975; Schulz, 1975)
strongly suggests that turtles in st least
some of these subpopulations are true nav-
iEators.

Discvssios

One example of a unique remigration
but with perhaps simple beginnings is the
remigration between the feeding pastures
in Somalia and the nesting beaches in the
People's Democratic Republic of Yemen
(EIVEY.) on the southern coast of the
Arabian peninsula {Hirth snd Carr, 1970
F.OA, 1873). In this system, the longest
direct distance between site of tagging and
recapture is =2,100 km {based om cwrrent
tag returns ). It is hypothesized that in the
pre-Miocene when sowthern Ambia and
northern Somalia were juxtaposed, perhaps
along a 100-fathom [~183 meters] bathy-
metric contour leaving a water gap of 23
bo 40 km ([ Beydoun, 1970), some of the
turtles feeding off the hom of Africa nested
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on the Somalia malnland and some nested
on the nearby coast of the PDRY,, ic,
they were permanent residents, As the Gulf
of Aden was formed (commencing in the
Miocene) turtles leaving Somalia pastures
for Arabian beaches were forced to swim
Farther, In the late Tertiary, as the Arvabian
plate moved to the northeast (Laughton,
1966) a turtle swimming generally north-
ward from Ras Asiv {Cape Guardalui) on
the horn of East Africa would make land-
fall near some of the best nesting beaches
in the P.DRY, Today, this is a straight-
line distance of =380 km. It is conjectured
that a unidirectional compass sense like o
northward-hearing one was gradually re.
fined as the Arabian and African plates
slowly drifted apart. A drift rate of about
2 omfvear since the Miocene has been
postulated {Langhton, 1966). After arrv-
ing near the Ambian coast experienced
nesters may seek out sites of previous nest-
ing by piloting, or they may swim directly
to the nesting site with their compass sense,
Spent adults might have taken a back
azimuth to retum to the feeding pastures
when the distanee across the Gulf was not
too taxing, but now at least some of the
spemt achalts maght drift with or even navi-
gate using offshore currents | F.ALO., 1973),

There Is yearound nesting on some of
the better-known beaches in the PIDOVRY,
Although it is possible that some individ-
uals could drift passively in surtace currents
all the way from the east coast of Somalia
to some of the turtle beaches in the
P.DILY. and in Oman during the peak of
the southwest monsoon ( from July through
September), the currents arc almost re-
versed during the peak of the northeast
monsonn { December and Janvary ) {Woos-
ter et al, 1967), and dispersal mechanisms
other than oceanic drift would have to be
operating at this time, and probably also
during monsoon transition periods. As is
the case with other complex patterns, the
use of radiotelemetry may be the only way
to determine whether the turtles today are
true navigators. At least it would scem
that, as the Gulf of Aden continues to
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widen and turtles swim inereasing distances
and spend more time i transit, nature
would select for precise navigational skills.

If the turtle beaches in Somalia ever be-
come overmploited |(and there is some re-
cent evidence of this) we may then
eventually see only a remmant of the orig-
inal pattern, ie, a population of turtles
feeding off Somalia and nesting in the
P.D.R.Y.

Because of their stratogic position be-
tween the feeding pastures in Somalia and
the nesting beaches in southern Arabia, the
islands of Abd-al-Kuri, Socotra, and The
Brothess should be reconneitered for pos-
sible nesting colondes. These fslands could
b easy landfalls for tortles drifting or
wandering out of the pastures on the east
coast of Somalia. That green turtles, along
with other species, are taken by some of
these islanders has been noted by Forbes
( 1803}, Botting ( 18958) and F.A.Q., (1965).
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