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Seafloor spreading theory and the odyssey of

the green turtle
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Seafleor spreading  theory seems to explain why the
arvesfors of @ grech furtle (Chelonia mydas) .iuhpr:p.m’qﬂmj
which now reavels 2,000 km from Brazil to freed at
Ascension Filand, were induced 1o swim oceanwards for
inereasing distances during the gradual separation of South
Anterica wivd Africa tn the earlfest Terifary,

A srraporuiaTion of the green turtle (Ohbedorle mypdar) lives on
the coast of Brazil but breeds and nests 2,000 km awiy on
Ascension Lzl In the central equatorial Adlantic®™®, The feat
of navigation involved in this odyssey has not been explained® ™,
A paszzle of equal stature, and of more fundamental imporiance,
aries in trying tooaccount for the initial stopes in the evolution
of the sdaptation® . Populations of the penus Chelomia have
distinctive  characteristics —enormeous  shoulder  musculature
topether with ils suppori, henvy fat deposits, and o peculior jaw
structure, The ecologienl regimen responsthle Tor these char-
acleriatics i evidently the herbivorows feeding habit*™* and the
need that this imposed Tor travel between o protecied, shaklow
watler pasture mroand and the expoted shores on which seitahble
nesting beaches develop. Offshore and oceanic istands are fikely
liw |1.|.'.-'.: |.||:_11|:|-cl. “lrr bl _j.'ﬂ._..u;h;x l|;n|:| ey |.||1|.|1~\.I .1.|'|-.-.1.}'r oller

Ascension |.:-|1|1:||'|].' higs established :Im u.l:||:ut tlmm in tlh: I'.u:u. af
hupe difficuliies, inherent in the initinl stapes, which secm 1o
make impassible demands on the process of natural selection,
Sealloor spreading theory miy Bear directly apon this nspect,
amd 1 akbso offers clues to the navigation problem.

Turtles and central Atlantic opening

blarine turiles of Chefowig type inhihited the seas belween
‘Waorth America” and northwestern  Gondwanaland by the
beginning of the lnte Credaceows, about 100 mellion years (Myr)
apo, Hecause of 1he cheloniid fossil record in this general arca
{reds 912 with the references provided there), we posiulate that
these ancient turtbes included the ancestors of Cholvda orpdas,
even though its phylopeny cannot al presenl be reconstructed,
(Chelorfe hos been found i Miocene sediments™="™) The
northern coast of South America was a suitable habitnt for these
garly turthes, providing o tropical (o sublropical envirenment,
There is fosuil evademsce that even then the herbivorous habil had
evolved and that there was a separation of residence-pasture and
breeding mrounds', Mammalian egg-predators no dosthr acted
as a limiting factor in turtle ecology at this time, augmenting the
advantage in islond nesting,

The opening of the eguatorial Adlantic? " (Fip. la amd b,
marking the final separation of South America and Africa al
aboul B) Myr ago, took ploce in steps: first, rift valley formation
at aboul 180 Myr age, or even earlier; second, sporadic but
progressive ocaan flooding with a strong west-to-cist component
by W-B0 Myt apo; and finully development of & ndge syslem
which linked the spreading ridpes of the North and Sooth
Adbantie and made of i a siogle ocean by 80 Myr ago.

Vobennic piles are a freguent fenture of midocennie ridges, and
someg muy grow sulliciently to emerge as islands, As spreading
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Fig. | w, Predrift recopstruction of equatorial *South America’

and “Wesl Alrbca’, as parts of north-western Gondwanaland,

based on the compuler-tested bathymedric fit of Bullard er ol

{ref 233, b, Reconstruction for the time of about BO Myr ago. A

‘Red Sea’ connects (e northern Atlantic with the yo

sonthern Adlantic and its yowthiul spreading ridge. Spreading
ridpe detail is schemaitic,

continues, they become insctive and are carvied putwards and
dowmwards and become ssamounts', the deepest being Turthest
from the ridge axis. They are sporadically replaced by new
voleanoes on the ridge 5o that for the continental observer the
voleunoes march scawards through time (Fig, 2k The ancestral
turtles could thus migrate outwards with the volcanic islands,
without the demands on the process of patural - scleclion
becoming excessive.
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spreading ridge voleanoes as part of seafloor spreailing mechas-

fam, &, Approximately ™0 Myr ne; b, approzimaiely 60 Myr 88,
£ apnrm.luuﬂ:l:r I MyT me,
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Turtle movement into the Brazil-West African
channel

Mefore (000 Myr oo, Bieddle popolations  frovelled  Tiaeen
residenve-pasiure aml boeeding groube diloemg the shoses of
e lern Soarlh Arversen, s 8 My opee, o corribor had ogsened
ik the head of the pall befween Wrieel il Wesd Alrice i e
wilth the estnblished longsalore frsel pguiths, iy 50 Myre apo, the
carridor was complete, much new constline had  Deess wdded,
nnd therg was a siring of offshore Blinds, The exploitation of
this cocanic chahnel By The turtles simply regidiresd repelitive
extemsion of previous truvel paths (Fig, 1), The bearings were
WHNW. LSE, This is chose to a latinading! course, and could be
nowignted relatively eoasily, Locating o particulor besch on on
inkand within this norrow s of along s consts woild invelve
a longitudinal i loecal currents, rivers, even surfhent, would
olfer imbividunl signatures, 1 seems rensomible 1o assume st
this pasttern of travel, constant over a lang period of tive woukd
become an establhed, heritable part of the lurile's behaviour,

Fig.3 Aswafoor spreading proceeds. through stapes o, b amsd 2,

new voldeanic iclands are genervied near the ridpe coest [douhile

linek CHder ones have moved oul wdth Uss Tanks of the ridgs and

grn.-;lun.l]g;' sink unfil thoy are submarine {open crclel, As n

farmer breeding ground becomes uausabde, the turtle swims
furiber on the sime, of mearly the snme, course,

By 80 Myr apo the Brazil-West Africa sea chonnel had
cisiiisecied with the northern South Atlustie and s sclive
spreuding ridge (Fig, 18 The ridge voleanoes which bad formed
carliesl, were close fo those which had aréen or were still
arising at the eastern end of the sea channel, For these new ridge
islundy to become included in the range of breegiing prownds it

T R s

was necessary only thal some turtles extend their travel patb,

that is, simply stay on course, assuming cither Ual the turtle was

diSIFERTE Trom ils prime target; or that the targel hag become .

submerged & dnusable. On retuen trips the turlles would be
guisked To the final Fandlall by chemical cues, by surfbeat or even
by direct vision. A degree of elasticity in the establishment and
Fecognition of breeding grounds i necessacy, but not inuch
more than seems consisient with that foond in the moderm Erecn
urthat®,

Woe envisage that by 70 Myr ago, the ancestors of the Ascen-
shom Island colony were making seaward breeding migrations of
up 1o 300 km-—: ligure consistent with the spreading rate of
2em yr-! irefs 14, 19), This process continued (Fig, 3) assuming
there was sporadic creation of volcanic islands: Ascension
Island is the last and youngest of them (less than 7 Myr old® =),
Whal was probably the penultimate island is now & seamount
15 km away, which Is submerged to a depth of 1,500 m (ref 215

We cannol esablish the existence of a narrow swathe of sep-
mouns connecting north-cast Brazil with Ascension Island,

120

bevuvise ihe detniled bathymetry s nol well known, There i,
howover, o sigriestion of a line of seamounts ranning souths
vcisbaaireds Trimm near Reckle do ahout 30° W oamd then swinging
citdl Lo Ascenslen fHig, A This last Hmbois close (o the trace of
Phe Ascension Frsciure Zome ond its ridge™, The carly Tertinry
migration may have been controdled by voleanic slands that
arcse along Phe ridpe,

Brazil to Ascension

-
We e aorpoed hit, sisee early i the Cainoeoic e, 1he turila

has had an inberiled lendency 1o swim o parlicular travel path,
roanthly WNW ESE, This path can be Followed by using the
Fising sun a5 0 beacon to stay on latitude, an operalion made
simipler by the fact that the path Is equatorial snd the migration
perivdd 15 seasonal; furles arrive al Ascension from February
undil May. Thus, for o December departure from the conal of
nor bern Broeil the turtle heads directly into the rising sun (that

i5. ESEr and docs the same every day. At night it rests below | he

euatorinl current or cven drifis easiwards witl the COLTHET=
equatorial current®. The Joumey takes perhaps eight weeks,
Because of the northery drift of the sun at this time of the Yerr,
the pencral path followed from Brazil towards Ascension will
deseribe a pentle ire, convex te the south, of the sort shown in
Fig, 4. The required target is the intersection of the travel path
with a plume of sensory dues arising from the island, Beciuse of
the eguntoril current, which at this lutitude has a soulherly
companent, the stream lne of solubles releasesd from the island
is firvourably disposesd 10 make the Ttersection and provide the
turtle with a pathway to kandfall; the stream line gives a longi-
Tudinal fix. The equatorial current alsa serves anot her important
function, thot of carrying (he hatchlings, imprinted to Ascension,
away from the ceologically unsuitabie island®, The same require-
ments probably existed for the early Cainozoic populations,
when the separation beiween Africn and South America was
insuificient for development of an equatorial current, Recons
structions of lnle Creticeous current systema® allow us to
postulite an equally favourable smaller current system which
would perform the same functions during the early stages of the
migration to the islands.
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Fig. 4 The westérn egualoral Atlantic. The arfowe imlicate

the [I.l'l'll.'ml-l!l.'l'] direction of the E_quul-:u'ia_l Currenl (For the

aorthern hemBsphere summerl, A possible e of seumoimes

(Ehere are others] is indicaied by the verticol crossss, Linking

Chese is n Aypotbetical migmtion poth (lseavy pattern, still to be

tostodd] taken by the hﬂlhi:m;u;h: From Arazil to Ascenslon
nd.

This navigalory scheme is simpler than thai of Koch e al,
(ref 7. In particular, it calls for o smaller plume from Ascension,
in keeping with the sice and natore of the ilind, and allows for
recogrition of Ascension emanations, 45 4 new clement, against
the African background or “noise’ with which the equatorial
current is foaded {the Congo contribution alone is massive), Tf
the sun. in combination with chemoreceptive detection of the
Ascension plume, is used as a navigational beacon, there would
seem to be a corollary which can be examined: turtles from
nerthern parts of the resident grounds vwould depart first and
those from southern parts (south of Recif) would depart later,
This is a necessary consequence of the northerly swing of the
sun during the visitation period,
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Inheritance of helaviour

W snmmeesd That dhie process of pielal kaeming s of the repot e,
siepping-sloie. vpe, which pocpiires ma wddieal oo i
hehavbour ol any gl The hypoihesls paits (he mgrstaon $9
Asconsion Fsland in an evolutionnry Fromework by allowing
sglective and ashplive processes (oo operale over @ greal period
of time, Indeed, the period of time may be too long o be
peceptable 1o some. IT we are right &t rwans that an extant
gpecies has inheriled a vital behaviour patiern from ancesiors
that Lived 40 Bve apo and more, T porcly Llesonomic 1erms
these ancest ral species were different, and perhaps very different,
from € helorfa pocdes, Do the Taee of {hes somewhat unpalatahble
notion, we Linke commfoed in the realisation that specics are mons
thinm fhesly anad Bones, cspecially bones, For the Ascension Tsland
colony, we accept the seaward migralion drive os an inherited

feature that predates siher morphological features comvertion=—

ally wied in syatemitics to defing taxo of species and penus levels.
We alan sccept the far renching implications which fie behind
this statement and His preambic, bul we do nod have space (o
discass 1hem hene,

This article i= the resull, and therefore an acknowledgment,
of the scholarky opporiunitics given to one of us (PLC) during
i year as Yisiting Professor al the Hawall Institute of Geo-
physics, University of Howail, where ihe Director, George
Woollard, pove special elp. A roceived support from ihe
Mutional Science Foumdilion.
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Uranium in HRR911

In recend years there has been growing inferest |no analysing
stellur specien in order po abserva p-process glements (aboch are
svnilicaised by newtron caplure on fast e scales) Cool
Af stars seem Lo be the most likely objects to display lines of
such elemenis"®  We report here preliminary resalis con-
ceriling some anomalics in the specirum, which were obiained
during anabysis o the Cr-Eu-5r pecolinr star HREIED (x
Piscium) and which show evidenee For the presenoe of r-process
elements in 1his obgect,

Four Mount Palomar spectrograms of HEEFLD were
mensured, one of which was at 4.5 & mm ™" dispersion, and
the apeciral lines identified from (racings obtained with o
Hilger microphotomeler, As enly about 2/3 of the speciral
lines belopped o common clements of Asiype slars, we
further examined the unidentified fines in the plale ot higher
dispersions to search for rprocess elements. We compared
the slellar wavelengths and infensities with those listed by
Feidel or ol 1t is important to siress that the following
resylts concern & single spectrogram, wWhereas HES911 is a
spectrum-variable star and cursory inspection of the ollber
plates shows considerable spectral variations. For example,
in another plate lines of Fe 1 43, usually streng in speetra of
Actype stars, are much Fainter than in the measured specino.

rim,

EIZ:II' the heavy clements synthesised in rproceses! the
presence of osmium snd uranium has been confirmed in our
analysis. All unblended 05 1 lines with intensity gresteér than
A0 in the inlensity scale of Meggers ef af.® have been found in

the spectrum, fopgether with many blended, and fainter limes,

swch as those observed in the spectrum of T3 Driconis®,

Unkdemded 05 10 lines lave nod been obseeved, Almost all
unblended lines of U 11 with’ iniensity greater than 40 hive
been Tound in our spectrogram and the presence . of many *
pther Blended lines is suspected. In addition, we remark hat

the two stronest U 10 links (A - 385058 Aand L - 3,B54.66 A)

are unblensded wned clearly wisible in the specirogram.

Furilermore, there is some evidence for the presence of both
peutral and singly fonised platinem in the aimosphere of this
star, because the four sirongest unblemded lines of P 1 oand |
some blended Tines of Pr 1l were obscrved in the bracings.
In addition, the steong Pt 1T ultraviodel e at 3 = 355137 A
i clearly visibie in the other plates {10 A /mm "dispersion),

Among the oiher rprocess heovy alements, we found no
lings of gobd, mercury, Tead and bismuth, There are, however,
some fines coineidental with Ie 1 lines, the strongest at L =
380012 A, This B unblended and clearly visible in the
SpeclPOEran.

In conclusion, Il seemis that HREED I shows evidence for
reprocess elements, so it must be added fo those Ap stars in
which such clemenis have already been detected, Thus the
complex problem of the origin of Ap stars nequires a theory
which accounts for the presesice of these elements in many
objects. The hypothesis of a supernova explosion of & nearby
star’ is an acceptable theory because the nucleosynthesis of the
peproccss elements requines a very high neutron density, auch
as Lhat found fn the interior of a highly evolved star, We notioe
further that in this case magnetic accretion®, could have an
impartint foke,
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