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Introduction

Investigations into ses turtle biclogy began less than two decades ago and have besn motivated
mainly by the awarcness that sea wirtle populations e eurrently undergoing a serious decline
i areds such as the Caribbean and parts of the Indian Oeean, This decline {8 due ta dver-
cxploitation of stocks over the past three centuriss and locel environmental degradation of
nesting arezs. Pollution in its varied forms iz also contribuling to declines [jues, 10643,

Pledas for rektraiol in exploitstion programmes have been made gince [520 {Carr, 1967)
undd predictions of extinction have also been voiced (Hornell, 1927) but despite some eacly
rescarch sttempts (Schmidt, 1916, Moorhouss, 1933) no durabic investigntinn was instipated
until 1953 when Professor T. Harrisson started 4 lopg-term project in Sarawak, Unfortunately,
ieligous objeciions by local Moslems curtailed his lforts although an agsociated programme
produced the first comprehensive stedy on the green turtles of Malaya amd Sarawak (Hen-
drickson, 1958).

Profegsor A. Carr of Floride commenced studics on the green turtle of the Canbibean i
1955 and this programme continues today, mainly in Costa Rica, and hes provided a clearer
understanding of the biclogy of the green turlle Chelonia mydas Linnacus 1758,

In the sixties research proprammes have started in eastern Australia (based on Heron Lsland),
Surinam and, under the guspices of the FA0 (United Nations), in South Yemen snd the
Sevehelles,

The present study vn the South-east Africsn region can be regarded as a consequence of”
Carr’s rescarches. In 1963 the Department of Binm Administration and Dévelopment and
the Natsl Parks Board, South Africa became aware of the need to protent the pesting popu-
lations of logeerhead turtles Carefta caretta Lannuees 1758 and leatheshack turiles Denmio-
chefys corfacen Linnaeus 1758 which were found to nest an the Tongaland coast of Natal, and
whaose presence was first reported by Bass and McAllister {1904). Since then resesrch hus beep
maictained on this coast under the auspuces of the Natal Parks Board, In 1965, the Qceano-
graphic Research luatitule, Durban became more deeply involved by providing laboratary,
gquarium and sdministrative facilites as well as Boancial support, which, coupled with
generous financial grants from the Southern Afnca Natwie Foundation (S.A- Appeal of the:
W ld Wildhle Fund) and (he Gulbenkinn Foundation, Lishon, has enabled she execution of
gn extended survey of the South-east African region: It was felt that ag (he sea (uriles are
migrants and travel extensively no successful conservation propramme could be ssen in its
troe perspective until the regional sitmtion wss at least partinlly understacd.

An injtinl drawback was the dearth of relevant published works which necesgitated lengthy
tours 1o ascertain the distribution and nesting areas of the varioue species. Indeed, 1t wis first
necessary 1o establieh the existence of one species; the olive ridley turtle Lepidochelys olivacea
Eschschollz 1829, Iis presence was confirmed only in 1970 (Hughes, 15724),

Old recozds from the study region showed (il turlles were once “abundant” in certain areas.
(Bontekce, 1619 in Lougnon, 1970; Peters, 1882; Smith, 1849) but no quantitalive datla were
provided. More recemt reporty (Sisbenarock, 1906: Vaillant and Grandidier, 1310; Decary,
1950; Rose, 1950 provided some more species jdentification but restricted themselves to
gencralitics.

Thiy series of papers is, therefore, an anempt to summarize the existing knowledge of sea
turtles in the South-east African region and 1o present the resulls of 8 ten-year programine
on the loggechend and leatherback turtles in Tongaland, Natal.

Ag a result of the eapanded programme the distribution of 1he species within the smedy ares
has been ascerisined By comparing vericus morphometric features of the individual turtle
popuintions in conjunction with intensive 1agping, it has proved possible to supgest links
between various populations and their covironments. Thus these papers have an sealogien
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bass but tagging results have also provided information on the biology of the tactles, par-
teularly the logeecheud and less s For the leatherback.

The first paper in the two part series is concerned with the deserniption and distribution of
each of the five speties occurting in the study region. Part 2 will descnbe the life cycle, migra-
lory hefaviour and reproductive potenlial of the logeerhead turtle and wall include somea data
on the leitherbnok and green tartles in the study region,

Finally, when comparing this work with that of such pioncers az Dr. P, E. P, Deraniyagaia
and Professor Archie Carr one 6 painfully aware of many short-comings and thius no claim
of completeness i5 made. The senes hos been compiled and presented in the hope that it may
contribute to o better undersianding of the iife histones of some specics. This may, in tum.
lead to & more rahional iploitation of a valuable resource, and a betler Awarensss on the parts
ol those governments under whosge jurisdichon many s=a turlle populztions are to be found.

The physical environment

As with all living ovganisms the behaviour and distobution of sea turlies s coniralled, or
groutly influenced, by Lhe physcal eavirconment. All the species deall with in s study have
a circum-tropical distribution. Three species: the green, hawksbill and olive ridley turtles are
restricted almost enticely to the tropics; the loggechead s more tolerant of temperate waters,
but only the leatherhack s known 1o be capable of mantaining its body temperature above
that of (he ambient gea. 11 s thus the turlle most foleranl of cold lempersiores and has been
found in veey high latitudes (Frair, Ackman and Mrosovsky, 1972).

The most striking environmental factor influencing the lives of sea turtles would, therefarce,
appear (0 be sed tempernture. L will be shown laler that thas Teotor Joes alfect distribudpan,
both nesting and general, nesting activity, growth rares and normal activities of the turtles,
Warm water &, in s tur, moved by the ocean currents enabling the penetration mto temperale
scay of migrating or nesling turtles: Tied as they are to the land for nesting purposes; beach
profile and beach accessibility arc important ta the turtles. Waves and tides impinging on
these nesting shores and the feeding arcas can have 2 marked influence on the accessibility of
beanhes aml (oo,

[n order to have o full nnderstanding of the environment this section is presented summari-
zing bricfly the most important physical features of the study region.

The Laodmasses

The South-¢ast Aftican region (Fig. 1) cmbraces two major landmasses, approximalely half
ol the emst coust of Aftice und the sub-continental sland of Madagascar winal split from
Africe during the carly=Cretaceous breukup of Gondwannland {King, 1962 &0).

The constlines contaioed within the study region have two remackable features; a lack of
relief ummediately sdiacent to the coast {dunes, however, can reach 200m, such ag are found
uround [nharrime, Mozambique (Wellington, 19553} and an uninierrupbed profile, The absenoe
of deep bays and gulfs s striking as well as the paucity of offshore islands (Stamp, 1953).

Exceptional areas are the northern section of Mozambique from Mozambigue [sland 1o the
Tanzanian bordar and the north-west cossts ol Madugasear where (hers are numerous bays
and sheltered Inlets with which large manpgrove stands arc usually associated.

Contincntal isfands are uncommon and most are found in Mozambique viz. the Querimba.
Islamds (north of Porlo Amefia), the Prioseicas and Seguindoes (1775, 40°E) (Fig. 1) the Para-
disa Islunds (2278, 35°F) and Inhaca (777 30°S, 32" 30°FYy, All of these are within 20km of the
mainland and their climates and strocture are idontical to the adjoining coast.



Madugnscar has a few continental iglands such as the Barren [siands (158YS, 44°30'E) but
most arz small and their descriptions lie beyond the scope of the present study.

Oceanic istands, althouph regarded ns being of negligible significance to geographers, are
af great importance io sea turtles, The isclation of these islands and their inaccessibility have
resulted in & high degeee of protection for wany s=a turtie populations,

Oceanic Islands relevant to the present study are Europa [sland (22°21°S, 40°21'E; Fig. 13,
Tromelin Island (i5°51°8, 54"25°E; Fig. 1) and (he St. Brandon Archipelago or the Cargados
Corajos Shoals (between 16° and 17°8, 60°E; Fig. 1). All are classic oceanic islands, far fram
land, rise from great ccean depths, partienlarly Tromelin, and are the peaks of undersea vol-
canocs OF mountait rangss, All are notewarihy for their total lack of relie’ and small sizes
{==Skmn w dinmeier),

The Mascarene oceanic islands of Maunitius snd Reunion are referred to as stepping-off
localities only. Once hosts 1o substantial populations of sea turtles (e.g. Lougnon, 1970; Tous-
saint, 1966), they are now deserted, Rodriguez Island populations suffered a similar fate and
the 1sland was not visited during the current sludy.

The Ocean Carreats

Dominating the south-western Indian Ocean and influencing alimost all aspects of the life
history of the ses turtles are the ocean currents. Apart Irom the odd stray animal there is no
evidence (0 suggest that cach major oceanic circularion does not contain within it, it own dis-
crete populations of sea turtles. This point is, perhaps, best illustrated by reference to the distr-
bution of Kemp's ridley sea wrtle Lepidochelys kempit Garman 1880 which 15 confined solely
to the Gulf of Mexico and the north Atlantic Ovean, no speeymens heving been recorded from
the southern hemisphere (Carr, 1957},

The study region {5 bounded in the north by the powerful south Equatorial Current which,
doring the summer menths, s found between 9°5 apd 22°8. Flowing westwards it splits
twice; the first split sends a flow of warm waler southwards along the cast coast of Madagascar,
whilst the main flow carries on 1o the mainland of Africa striking Cabo Delgado at right angles.
The second split sends water northwards along the Tanzanian coast and southwards down the
Mozambique Channel as the Mozambigue Current {Fairbridge er alif, 1966; Defant, 1961).

The east Madagascar Cumren! flows sround Cape St Marie and, reinforced by re-cycied
waler from the Aguihas Gyral (and occasiopally joingd by the Mozambigue Current) formy the
fast flowing Agulhas Current (Darbyshire, M., 1966; Duncan, 1970). During the southern
hemisphere winter ihe Mozambigue Current weakens substantially apd has been shown 1o
reverse (Menuche, 1961} and form a vortex circulation (Harris, 1970} This is a resull of
changes in the monsoon regime in the northern Indian Ocesn and (he gorthward movement
of the south Equatonal Current.

From upproximafely 2475 the Agulhes Corrent flows southwards at the edge of the continen-
tal shelf. Along the Zululand coast it lies within a few miles of the shore, swewps nway from
Durban as a result of a broader shell| returns near Fast London and finally Jeaves the coast
near Porl Elizubeth [ollowing the edge of the Agulhas Bank southwards. Thereafter there is
inlense mixing and the tuming back of most of the current. This has resulted io eddy forma
tions some of which are quasi-permanent and lave receiverd considerable attention recently
{Bang, 1970a).

Buring the sutumn the velocity of the current increases appreciably reaching Up to 60cm/sec.
(Darbyshire, 1., 1964; Darbyshire, M., 1966), At this time vigurous mixing takes place over
the Agulhas Bank with mixed water penetrating past Cape Point and up the west coast as far
as 32°3 (Shannan, 1966; Bung, 1970b). This penetration of Agulbas water is, however, restricted
Loy the auiumn months apd during the remainder of the year there is no constunt flow betwean
the Indian ond Atdantic Oceans (Duncan, op. eif.).
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The most goutherly pencteation (4175, 17°E) of thé current takes place during the autuman
after which it turns castwards fowing parallel with the West Wind Drift. Betweena 44°E and
&0°E there are sections with a distinet northerly Bow which suggests that the water circulating
around the south-wesiern Indian Ocean forms an independant gyrel {Duncan, op. oif.; Harns,
19704,

In sum there are prabably three major gyrals présent in the study area; the large permanent
south lndian Ocean gyral, the Agulhas pyral and the semi-permanent gyral in the Mozambique
Channel. Figure 2 summarizes the circnlatory pattern jn the southern hemisphers aulumn,

Temperatares

Sea temperature refations of the water are of maximum impdrtance 1o marine zoogeography
hecause they vary not only in location bui also with the seasons (Allee & Schroidt, 1931). The
study region is contained completely within the sub-teopical ocennic regime (CGross, 1967) and,
as a resull of the general ciesulation, is much wirmer than the eastern half of the Indian Qcean
al the same iatitudes. The annual vanation of temperature is less than 5° except off the southern
tip where warm and cold currents meet and predominate in tarn, These regional remperotures
differences are important as barriers {Allee and Schimdt, op. cit.), and ¢vidence will be presented
later in this work to show that annual tsmperature vanolions can effect the migratory and nest-
ing behaviour of sca turtles.

Air temperature 15 only fleetingly considered in this study despite the discussions by Hen-
drickson (1959), MeAllister, Bass and van Schoom [1963), and Moorhouse (1933) who linked
it with the turtle nesting season. It is suggesied that sen tempermiures are fur more important
to an animal that spends almost all of its life or, 1a the case of the male, all of its life 1n the sea,
Furthermore it has been clearly demonstrated (hat the temperatores of the ¢céans preatly
influcnce the climates of the coasts vpon which they impinge 'The periodic emergances of sca
turtle females onto beaches in order o lay =ggs would, therefore, be little influsncel by local
air temperatures which are normally only slightly cooler than the adjoining sea (Petterssen,

1958).

Waves, tides and salinities

As séa turtles spend most of their lives submerged the influence of waves and fides is almost
negligible, During the nesting seuson, however, their influcnce can be substantial and has
marksd effects on the behaviour of the nesting femule.

Eastern Madagascar and Africa south of Inhambane arc moderate cocrgy coasts and are
exposed 1o swell waves throughout the year. Storm conditions, particolacly at high ride periods,
ean result in the erosion of thousonds of tons of sand from nesting beaches during & single tide.

By contrast the west coast of Madegascar is sheltered both from swell waves and the short
choppy wind waves peneraled in the Mozambigue Channel by the sooth-cast trades. The latter
waves are predominant in central Mozumbigue. Facept during periods of cyclone disturbances
the west const 15 calm and has permitted the development of sxtensive domestic fishing skills
amaongst the couttal people whe have long been fumous for their lengthy voyages in open, oul-
rigger canoes (see &g Bulpin, 1969). The hunting of sea turtles forms &o impogiant part of the
fishing industry.

The oceanic islands are exposed to swell waves of considerable force which erodes samd hom
Wie enstern and south-sastern shores. Nesting beaches are sestnicted 1o the leeward (weslern)
shares of all octanic islands,

With the exception of the cast coast of Madagascur and the oveanic islamds east of 30°E,
all of which have mixed tides (range 0.25 - 1.5m; semi-diurnal preponderant) ol the coasis 1
the study nres have semi-diurnal tides (range 0 - 25m) (Pattulle, 1266). Most tidal ranges are

T



medest (1.3m - 2.0m) but in the consineted Mozambique Channel ranges become more sx-
trame reaching 6.3m at Beira (Tinley, 19719,

Salinities within the study regron vary from 35% 40 L0 35570 an exception being found in
norih-western Madagascar which, during Junvary and February, has salinities lower than
J4.5°%) oo (Wyriki, 1971). Local pitches of low salinfty are found along the north Mozambique
coast during the nie summer, It is suggested that sxlinilies pre of dttle imporiance to sea turtless
in general for they are osmotically highly adaptable (Manton, Karr & Ehreaveld, 1972). There
are indications, howsver, that arces of reduced salinity are favoured by the olive ridley turtie
Lopidochelyy wlivace (Eschseholtz) 1829, (see Section % (4), and Hughes, 1972a),

The sea turtles ocourring 1n South-east Africa

Sub-order: Cryptedica Cope 1870

Family- Chelamiidae Cope 1882
Key

1. Upper jaw conspicuously bicuspid at symphysis; carapace covered with smooth skin
(or amzll scales in juveniles) overlying u mosaic of small Banes and showing 7 prominent
longitudinal vidpes; limbs clawless. ., . . . . Lermachelyy corfacea (Linnasus)
Upper jaw not bicuspid; upper shell covered with large horny shields overlyving larpe
bonoy plates, and ridges 0-3; limbswath 1 or 2 clawy . . PR A

2. Upper shell with 4 pairs of custal shields of which the foremost pair is never the smaliest

and is separated from the nochal shiseld . . . . . . |
Upper shell with § or more pairs of costal shields of which the foremost pair 15 the
smallest and normally in contact with the nuchal shield . . . ir 5. la .

2. Snout not compressed; 2 prefrontal shiclds on head; shislds of upper shell not overs
lapping (except in very young turtles): vsually a single claw on eack imb  Chelonia sy
{ Linnaens)

Snout compressed; 4 peefiontal shields on head; shields of upper shell strongly over-

lapping (except in very young or very old turtles), usually 2 claws on each imb . .
Erermochelys imbricata {Linnasus)

4. Upper shell normally with only § pairs of costel shiclds: bridge on either side of lowar
shell with 3 ealarged infia-marginal shields without pores; colour of udults and young
predominantly reddjsh brown . ., . . . . Carerta earene (Linnaeus)
Upper shell normally with 69 {varely 4-5) pairs of costul shislds: kridpe on cither side
of lower shell with 4 eniarped inframarginal shields, cach with or without a pore, colour
of adults predominamtly olive, of young olivaceous black . . . T roidachelys olivacea

{Eschscholt)

The green turtle

Crenuz Chelonda Brongniart 1800
Species: Chelonia mpdas {Linnnens)

| 758 Tasiudo n':}’d-‘ﬁ Linnasus Synt, Nar, ed. 10, ), p. 197, Ascension Island.
1849 Chelonty virgala (Dumeril), Smith. Zoology of Seuth Africa. Reprifes. London. App.
p. 1-28:



1882 Chelonia mydas Linnaeus: Pelers. Reise nach Mossambigue, Zoologile, 3 Amphihien,
Berlin p. 18; 1910 Vailtant ond Grandidier, 26: 1937 Hewitt, 15; 1939 Deraniyagala, 215 -
FHSU Rose, 456, 1953 Derauiyagala, 20; 1957 Loveridge and Williams, 474; 1945 McAlli-
aler, Bnss and van Schoor, 13; 1966 Legendre, 217; 1957 Hughes, Bass and Mentis, 1
1967 MNughes and Menls, 289; 1968 ran, 31: 1969 Diay, 238; 1971 Fruzier, 375: 197]

Hirth, 1.1 5,
tBRQ Chelone myclay Boulenger, 10; 1906 Swebenrock, 36, 1950 Decary, 84: 1952 Fourmanair,
170,

1932 Chelonia mydas agassizi Bocourl, Carr, 357: 1967 Pritchard, 201.
1967 Chelonia mydas juponiea Thunberg. Honneger, 8,
\9N0 Chelonda mydas mydas Linnaeus, Hicth and Carr, 4.

Common names

Green wurtle (English); groenceeskilpad (Aflcikaans); fortue Jranche, tortue de miér, tortie verte
(French); tortic de mer (Creole); tarcarnga (Porluguese); icoha, pateri, casa (Makua); wser
(Chimani); hassa (Shangaae); sinembe (Shangarne For juveniles); ffuds (Zulu); fano, fanofoatr
(¥ezo, Mahefaly, Antandroy, N, Sakalava), reakey (Sakainva); formokara (Sakalava for juve-
niles); farovea (Antonosy)

Peter's (1882 19) common name ftataruca from Metambique Island 1 no lonper in use and
was undsubtedly & modification by the Africans of the Porlugue se nume for turtles (se= above!,
Similarly Lis other nawme aravi (fhid) was in error ang should refer to the loggerhead turtle,

Description (Modified after Loveridge and Williams, 1957 p. 476477)

Snout shart, beak aol hooked, without eusps; edges of jaws smooth; culling edpes of horny
sheath serrated; prefrontals elongate, a single pair; frontal weygous, small: froatoparietal
large; parietls 2, supraccular rather large; postoculars almost always 4 although variable in
katehlings (see Table ! and 2); supratemporals 2: forclimb with moderately enlatped scales
along anterior edge, behind them several rows of scales, posterior edge wilh u series of enlarged
smtles; eich fore- and hindlimb with | claw (210 natchlings); tail length dependent on sex,
mature males having [onger tail,

Carapace ovate, sublectiform ( juveniles) or smoeth (adults), nuchal region truncate, matgin
serrale posteriorly becoming less so with increasing size (Plates 1 and 2): dorsal shiclda juxta-
posed (ene jnstance recorded of Fused dorsal shields forming one continuous plate): nuchal
noemally one (Tables | and 2) broader than long, not in contact with first costals, not in contact
with second mnrginals; vertebrals normally 5, first cuch Lhe broadest in adolrs {second broad-
it i juveniles (Plate 1) all broader than lung, (1 1V [onger then broad in adults but as broad
ug. or broader than, long in juveniles : costals ngrmally 4, 4¢h the smallest; margnals normally
11 pans; supracamdal always divided,

Plastron anteriorly subs-truncate, no obvious lateral keels: plastral shields justaposed:
intergular moderate, varcly absent; hrechinds 2 ar 3 with some smaller scales extending an-
teciocly, infru-marginals normally 4, without pores; interanal normally ahsenl.

Colour

Carapace of hatchlings blnck or dark brown with brenze highlights on vertebrals, border
white, plustran while; top of head and neck black, shiclds on side of head hinck, sharply out-
lined 1n white ; superior eyelid paie grey; limba black above with white border: lower half upper
jaw, lower jaw and thioal all white; endersurfaces of limbs dark Beown to grey excepl at the
border which is white (Plute 3).



Juvenile carapace colouring highly variable (see alse Deraniyagala, 1939: 228-230) Up to
20z in carapace length, passes through a dark grey phase; all underparts remain white with
cacepltion of Mippess; thercaller colours show varmability such as:

(i) Basic pale red-brown, streaked with dark brown and vellow, all radiating liam medio-
posterior of shuelds. Most somuoon colour pattern up (o Slcm carapace length.

(1) Basic dark brown heavily blotched and streaked with pale hrown, yellow, pold and red
hrown, rarer than (1),

(i) Basic rich red-brown, medio-posterior of sluelds with pale brown concentration
surrounded by nich red brown with radiating streaks of dark brown gold and yellow.
Rarc,

At thig stage all onderparts eithar pure white or pale yellow; head brown or red Brown with
shiclds sharply outlined in white. Skin on vpper surfaces brown to gréy brown and on under-
surfaces white 1o pale yellow,

Adalt coloratzon has been given attention by numetous authors {(Dernmyagata, 1939: 228
230 Carr, 1967; 216; Hirth aud Carr, 1970: 5; Hirth, 1971 1.1 - 1.4) and on the basis of cara-
pace coloration some populations have been awarded sub-specific statue (Hirth, ep, it 1L1)

The undersurfuces of adults are in general dirty white to yellow (plasfron) with greensh olive
under the limbs; upper surfaces in gencral similar to that of the carapace which (s highly vari-
able, Hirth sod Carr (op. cir.; 3) mention a marked colour difference between the sexes in
Yemen turtles and Frazier (1971 @ 3890-392) found sigmificanl colour diflerences in the Aldahra
populztion and concluded thar; “femsles are nichly pipmented with brown and, in most
cases, brown forms a ‘bullseve’ effect by being conspicuously inside the area of concentrated
dark pigment”. Further that] “males are mare spotied”,

Results oblianed during the pressnt study suggest that Frazier's conclusions as regards the
females exhibiting more brown pigment than males is correct. Table 3 contains a sample of
adull green turtle Garapacs colurations from various localitied in Lhe study regiom and it can be
seen that of the males none has brown pigment bul of the [emales no Jess than 31%; had black
pigment only on an olive green base (see Frazier, ap, ofr. figure 24, plate 26), Table & deals with
u substantial tample of [emale green turtles from Buropa (n — 343) and Tromelin (n — 31)
and shows that 65%7 of the Europa [emales had no concentritiony of pgment and 7% of the
Tromelin females lecked pigment concentrations. Further, on Tromelin the colour differcnces
between male and fernale in one instance at least, was neglimble,

Ii is concluded, therefore, that although Frazier's suggestions may hold for Aldabra {he
predicted the eorrect 3ex by colour parameters in 5%, of cases ohserved), they hold only as
generalizations in the South-east African region. His conclusions as to the value te which
colour difierentiation could be put are alss doubtful for few juveniles were sten which could
he aitributed o sex on ihe grounds ol the carapace coloration (Mo, (in) in juvenile colours de
seribed above, this section, might be regsrded as 2 female), No sningle case of diserste colora-
tion im which the sex was not readily identifiable by the tail length, was abserved. In the com-
plete shsence of proof Lo the contrary it s sugeested thal the full development of adult colora-
tion probably oocurs at the same time as the development of the conventional sexval charac-
teristics viz. long tails and claws in the ¢ase of the male, Selected morphological charasters
and relulicnzhips al various stages of development nught yet prove of more value in defermin-
ing sex before malurity than the colour patlerns.

It is concluded that as far as aduolt coloration in green turtles is concerned the adolts in the
study region show remarkable palymorphism which, it is thought, neither assists nor hinders
the green lurlle in sprending widely throughout the regon. Fraeier's suggesbion that perhaps
the different scxes live in diffcrent babitats against dilferent backgrounds is considered unlikely
as along the Natal coast of South Africa the ratio of males to females caught or washed ashore
1§ 122 Asilit a non-nesting area il is assumed that the turtles have been living there and fur-
ther the habitat 15 homogenous along the coast
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Finally reference is made to the excellent colour plates in Frazer's paper; thess pholographs
Ilustrate the polymorphism of the Aldabran population but could have been taken on Europn.
Ishand.

Sire und mass
METHODS

All harchling measurements were taken with vernies slide calipérs and hatehlings were wei ghed.
on an Ohaus tnple beam balance, Adult measurements were taken “over-the-curve” using
flexible stecl tape, and straight line wsing light aluminiom calipers. Methods of adult measure~
ments are shown in Figure 3. Plastron length and width measurements were tuken using
calipers antl thege methods are not {lustzated, See alto legend of Table 7. Adults were weighed.
using a Salters gpring balance,

AESULTS

lu the study region newly hatched green turtles have carnpace lengths of between 45,2 and 51.9
me, and weigh berween |8.4 and 20.4g. T'able 5 summarizes hatchling data collected on Europu
and Tromielin Islands and show a mean carapace length of 48.5mm. ‘Uhese hatchlings full well
within the ranges observed in other localities (Table 6), although the samples from which these
latter comparative measurements have been drawn are small,

Hatchling mans is not o valid parameter bécause of variability resulting from the time of°
weighing (all hatchlings in this study were weighed the morning lollowing emergence) and the
duration of the emergence petiod. The lutler depends on the depth of sand above the nest, as
wind action or laying females, can alier the beach surfacs in relation to the nest.

Mesting green turtle females obtain curved carapace langths of between 98.0 and 129.0cm
{stranght lengths 95,5 and 120.5¢m} and masses varying between 124.85 and 208.8kg. Table 7
summarizes these and other size parunelers for 2 localities but it should be pointed out again
Lhul mass data depends oa the number of clutches of egps that the lemale has yel to lay. A
female’s mass at the beginaing of her laying season will b substantially different from her
mass at the cod {see Hughes, of al, 1967 19, and size and mass, loggerheads, below),

As insufficient datn were collected during this present study 1o present s mass-lenpth relation-
ship the reader i3 referred to the graph in Hirth and Carr (1970; 14) showing the relationship
in South Yemeni green turtles.

For Europa Isluend Siebenrock (1906: 403 gave a carapace length figure of hetween | metre
and Im 20 which agrees with the present study results (see Fig. 4). Loveridge and Williams
(1957: 477) quote him as giving 2 mask of 450kg for an adult green from Europa but thig
refecence could ol be found in the original work sad must be assumed o be in crror
Furlbermore, it is doubtful whether any green turtles nesting on Buropa excesd n mass af
L2Tkg

It is of interest to note, however, that the Seychellois fishing in the St. Brandon ltlands
reported an extremely lorge sen wetle that they called the “Fakwa™, From theic dascriplion
it was not & leatherback, which they know by another nurme, but appesred to be an enormous
green tortle, The “Fukwa" v apparenily extremely rare (Hughes, in oress {a)l.

Frazier (op. cif.: 387) states that thers {5 2 paucity of data on adult green turtle males with
which he could comparc his substantial and enviable sample data, Having emdeavoured jn
vain to collect male data during the present stody only-a lew data are included in Table & and
necessily demands o subjective comment on male sizes

Frazier dealt with the leng exploited Aldabran population and showed clearly thal captined
males there are smallér than captured females (p. 387). On SL Brandon, where the population
has also becn persecuted over & long penod, one male was seen captured, and (wo others ob-
served in copuln, all appenred markedly smaller than the females with which they were associ-
ated, and would thus agree with Fraxer's data. He suggests that harpoon hunting, wsed in both
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localities, favours the capturé ol muls and gver the yenrs has led wo an enbalanced CADlure
sex-ratio wnd thiss o reduclion in mele size, thelr being caplured before they can attain large
size. He quotes figures which show that over the gix years prior to his stucy male captores far
outnumbered female. Although in general Iis srgument i3 ngreed with itis pointed out that cap-
ture yeconds for 1970 wnd 197] on 8!, Brandon show a prepondemnce of fomales (293 males,
185 females). :

On Tromeln and Europa Islands, where the turtle populstions are not sxploited, numerous
mizles were observed to be the same size as females, neither noticeably Jarger nee smaller, and
there scems 1o be fittle doubt that under ratural conditions males do attain vimilar Gimensions
w0 that of the female (ses Table 8, and Fraxier, ap. eir.: Fig. 6: 385)

[n the maponty of copulations observed duning the present study males were definitely
smaller thin the fomales (Plate 4) and it iy sugzested that the younger male is more active then
the large males and can mount more successfully. Further the lighter, smaller male mny be
favoured by the female who has to carry the male throughout copulation. I this is the case
tien harponn hnahng woull certumly be selective for smaller males and it need not necessarily
suggest that hunting pressure 1s causing a reduction in male dimensions.

Sexual dimorphism and sex ratios

Insufficient data were collected during the present study on which to buse 1 lengthy discussion
on sexual dimorphicm. Mature green (urtle males in this region exhibit longer tails, and more
stromgly curved claws on the fore-flippers, than females as is found in all green Lurtle popula
tions (see Carr, 1552; 348.349),

Sexual differences in colormtion were discossad in section Colowr above and found of doubt-
el valve for the study repion

For details oo morphometric diffcrences the readé: is referred to the work of Frazier (ap. air.
383-3900, I surnimary; he found that females have more domed carapaces than males and the
plustron of the female iz both absolutely and relatively larger than thal of the male. Other sex
diffecences in his Aldabran marerial were found in curved carapace length and widih, straight
length and width and bead width but it is uncertain os to whether these differences would per-
swl if angmals of similar sizes were compared (3ce previous section on hunting selection of small
enales),

Sex ratios in green turtle populations have proved a stumbling block fo biclogical studies of
the species. Hirth (1971 £ 4 1) quoeles calch recands from several sources and ends by stating that
it is common (6 see more males than females off some of the major nesting beaches

Frazicr (op, cit,; 357) statet, as menticned previously, thai mule acntches gutnumber those of
females on Aldabra laland, Huth (7.A.0. 1967 36) shows figores from the Customs Depariment,
Mahé, which suppori this and forther suggests (p, 35) thet the male: female ratio may be as
high as 5:1 or higher. This tends to confuse matters because il the annual calches are pre
dominantly male, and have been since 1964 at least {Hitth, ap. efi. 36), one would expect a
relative reduction in the number of males csught, and, il anything, a sex ratio favouring the
femnle,

The figures in Hicth's (iwd ) table are possibly nuslesding because they are of Inndings at
Mahe from vanous islands aMhough, apparently, mainly from Aldabra. As the harpoon is
the favoured means of hunting turtle, the male Is selectively hunted because it presents the
easrest target, and thus one has an accumulation of male carches from the 1siands which wonid,
it seemis, distort the pictuns. For this renson the Seychelles data are not ineluded in Table 9
which sminmusrizes published data on green turtle calches {sources quoted) and daty collected
during this study.

Observations on Earopa Ieland, profected since 1923, sugeest thot females ootnumber males
in the ratio of 3 o1 4.1 near the shoreline und in the lagoon, It was sugmested that rthe ratios
maty be somewhat different in the desper water offshore but in a film "Turtle [idand” {directed
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and produced by 1. Stevens) there wene numerous underwaler sequences off Europa showings
wmny more femaled than males and further that females weee resting an the ocean floor moving
only when disturbed, This latter trait would; (a) reduce the possihility of harpooning o female
if she spends most of her time on the ocen Moor, and (B) present & distorted picture
as pules crowd round o receptive female on the sueface (e.f Hirth in £.a.0 id)

Bearing these poinis in mind and assuming that the carch wad siranding records included in
Table 5 ars accurate, there seems hittle doubt Vit in naiural populations female green turtles
autnumber males. The difference in catches recorded in the table is highly significant (g.<.001).

As fo the actunl sex rutio this would appear difficult 10 assess but it is suggested that it is
at least two females for every male:

Distribution and populations

Figure 5 illustrates the distribution of the gresa turtle in the study region: Aress of oplimum
numbers are the west coast of Madagascar and the littora] waters of central and northern
Mozambique. These arens of sbundanes correlate well with the presence of sheltersd coasts
harbourng extensive pastures of undersea vegetation such as Cymudacea ciffara and Zostera sp..
As algaes are readily caten the rangs of the green turlle 15 not restricred by diet and is the most:
ubiquitous sea lustle in the region,

Takle 10 and Figure 6 indicate their abundance o relation o oller specisy in the various:
countries in the study I'l:gi:l]]. Bata were denved Trom nei matohey, village middens and strand-
ings although halehling strandings nre exdluded. Cromic (1966, in Hirth, 1971 4.1) suggests
that green (uriles represeat abour 20% of all tertles found theoughout the warm ssas of the:
world, From Table 10 it would appear that this ix an underestimation for the present study
T:ﬂ[ull. A more detdiled 2sesimen! of pnplllanum oft the south-western coast of Midﬂgﬁﬂﬁl"
shows thal il is undoubtedly an underestimation in that arca (Fig. 7).

Crespite the imitations of the data in Table 10 2 comparison of nesting areas betwsen the
green turtle and the loggerhead turtle (the second most common species) suggests that the
figures are a valid indicator of the species compositon.

There are nine island nesting grounds of green turtles as against two main land nesting
veaches of logeerheads. Furthes, the grevn turtles nest widely on the mainiand of Madagascar,
If cne compares the nesting populations of Europa Island and the Tongaland dres, the modl
heavily utilized areas for the green and logoerhead respectively, one finds;

TONGALAND

The formula for calculating seasonal oesting populations of logperheads is fully described
it Hughes {1970 11.13). In summmary: Number Active Nesting Fomales — Highest Number
of Clutches bid per mght over X days. X days equals the re-nesting interval for (he season o1

part thereof as there is normally a shoitening af the re-nesting inlerval as the season pro--
gresses. Maximum reconded sensonal population 502

EURDEA

[he dansity of trucks on the beaches of Europa precluded the use of the Tongaland method
50 @ seriey of esumates were made of nightly emergences on the various beaches (Table 11).
The Station Beach was worked in deluil every night (Table 12 and Fig. 8) and when com-
pleted Lrack snd head counts were periodically made on 9ther beaches, generally after the
penk nesting period hed prsscd.

Tag recoverics on thé station beach indicated that ni Ieast 44 27% ol cach nightly emer-:
gence laid successfully (see Table 13). Similarly from 1ag recoveries the re-nesting interval
on Huropa during Movember 1970 was |4 days (Table 14 and Fig. 9).

The formuln vsed for estimating the Europa population was us fellows: Number Active:
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Nesting Females - Estimated Nightly emergence X Nesting Success (97) X re-nesting inter-
val (o days).
44

= 4 374 femalcs

It is assumed that every female laying within an avernge re-nesting interval is & separats
individual, It should be pointed out that on the Station Beach tagging activity conslituted a
digturbence factor which was not present on the remainder of the island so the nesting suc-
ccss may have been higher elsewhere.

Comparing these two papulations it can be seen that the monthly pesting numbess of gresns
turtles on Furopy i3 over § times the seasonal numbers of loggecheads 1n Tongaland and
suggests that Table 10 is generally accurate vie the gresn tuctle 15 by Inr the mest common
species in the study region.

An sstirale of the total number of green turtles in the study region is not possible but ol-
viously well into the tens of thousands, The annual capture of green tertles, of #ll sizes, in
south-western Madagascar alone is around 7 000 (Hughes, 19712: 117). Table 15 shows the
sstimated agoval oumbers of nesting green turtles on some of the nesting areas.

Beach preference and nesiing areas

Figure 5 shows all of the significant nesting areas of the green turile i the study region and it
would appear that islands are preferred ny nasting grounds. However, green turties nest widely
on mainland braches: nol only m the study region but in other localities ag well (Carr and Cald-
well, 1956: 1; Carr and Giovannoli, 1957: 1; Hendrickson and Balesingam, 19667 69) and it
is likely that they nested more denssly on the mainland in pre-historica! times and that human
perseculion hak redoosd their numbers drastically,

Green tortle nesting areas in the study region is resteicted to north of the tope of Capr-
corn, and has besn observed duriug August (Primeiras, Mozamhique), Oetober, November
aml Decamber (Buropa, Tromelin and St. Brandon). Nesting occurs throughout the year on
ie lutter three islands bur has 2 midsummer peak,

Headrickson and Balasiogam {op. off.; 73) suggest that it i5 possible thut the “feel™ of the
#and may influence the female's selection of 4 nesting beach, [n other words the texture of the
sund may be detectable by the female tortle on stranding. Obssrvations during the currenl
survey render this possibility highly unlikely, On Europa alone sand textures vaned from very
fine gand close to the dunes to coral pebble benchas und all were utifized by turtles, Further,
lower tides exposed hare rock over which females would travel o attain sand patches higher
np. Stone and heach debris provided no obstacle to the turtles who appear markedly insansitive
10 any tactile stimuli (see also Carr, 1967 13). It can be argued that this particular sand sensi-
tvily 15 present anly on stranding and not during the later mounting of the beach but sven this
scems unbikely as the texture of the sand at the water's edge is often coarse, amd intermixed
with shell f‘l‘ig‘tﬂl:llti and bears no resesiblance to the beach higher up where the female will
loy her egps.

During the present survey sand samples were collecied from transects across the Station
Beach at Europa, the north and south facing beaches of Tromelin and the south and west
facing beschss of Catuaring Islamd, Figure 10 shows the beach profile on the Swation Beach
Europa Island and samples arc labelled (a) from the upper beach platform (3) from the central
platiorm or 20 metres away from (4); and (c) from the lower beach platform uver which the
séx washes during exceptionally high tides

500 to | 000 gram samples were collected from the surface ot each site and brought back to
Dinrkan in sealed jarz, Smaller samples of 200 grams each were weighed out and sven-dned at
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S0°C for at least 12 howrs. kach sample was weighed and sieved for 20 minutes throuph o com
bination of the following sizes of Tyler Standard Screens.

Mesh size nusther Mesh size (nun)
14 L.168
20 0833
74 589
i5 0417
48 (L2935
65 208
1 0e) (147

Ihe mass of the sand retained by cach sieve was weighed and cxpressed as a percentage of
the: whole. Figure 11 showy the results graphically. Differences between upper level sampleg
(a) and lower level samples (¢) of every transect were tested for using X2 A series of tests for
differences betwezn beaches at the upper level were also made and the results are summarized
in Tahle {6

Only one beach (Tromelin north, Fig. 11) showed some degree of homogeneity, all ather
beaches Tl significantly sinaller sund particls sizes in the upper levels as compared 1o the lower
levels. Further, there were significant acd obvious diffcrences between samples from the upper
levels of the two beaches on Tromelin and the two beaches on Casuarina. All the besches were
significantly different from cne another at the npper lavels, i.o. the section most heavily utilized
by nesting females.

Suceeszful nests are thus laid in coarse coral sand (Tromelin} and 1elatively fine coral/silica
mixture sand {Casuarina). Furlher, on oceasions, imlividual female tortles emecged in turn on
both the north and south beaches of Tromelin [sland, Tt is thus concluded that sand particle
size is of ncgligible importance as regards beach selection by green turtle famules.

Blometrics and the comparison of sub-populations

Table 17 summarizes the relationships between selected parameters in samples of green turtls
populations from the study region.

HATCHLINGS

Figure 12 shows the relnlinaship between the siraight carapace lenpth and carapace width in
4 sample of 50 hatchlings from Europa Islind, The wide confidence limits imdicate the vari-
ability of the sample and it 15 oot surprsing that there are no significant differences between
the Europa and Tromelin hatchlings except in mass (Table §) which, as bas been suggested
zbove, is an unreliable parameter. Figure 13 shows the relationship between carapacs length
and width for hatchlings from bath localities.

ADULT FEMALES

In adult female green turtles relationships between pacameters are similarly variable. Table 7
compares selected parameters from nesting females from Europa and Tromelin and shows Lhat
there are significant differences in cerapace length, plasiron width, bend length and head width,
Figure 14 shows the relationship between the curved carapace length and curved carapace
width for turtles from Eoropa and Tromelin,

From this data it would seem that Tromelin females t=od to be shorler in curapace length
hut relatively wider. With increasing size, however, there appears to be no differenee bétween
the populations. Figure 15 shows the relationships between straight carapace length and curved
carapace leagth in the two island populations and includes, for comparative purposes, dols
friun Aldabra (Fravzier, op. cff. 390). The Tromelin and Aldabra popualations are similar but the
Buropa females are distinctly -more domed leagthwise than the Aldabraa populations.

Curved C.L,

(Ratio: m = |08 (Buropa); 1.06 {Aldabra))
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Figure 16 shows the relaticnship between siraiphi camnpacs width and curved carapace
width and there arc no apparent differences around the mean levels hetween the three popu-
ltroms.

Figures 17 Lo 20 show the relationships between the sirmight carapace length and plastrom
length, plagiron width, head width and head length respectively. Only i plastron width does
the Tramelin populstion & ppear more variable than the Eurepa population. All ather velatico-
ships eotld be regurded as variations within a single population

No imporlanes is attached 10 the differences noted in the head measurements because o
comparisen of female skulis from Buropa, Tromelin, St Bramdon and South Africs ghowed
thit for six measurements (sce Fig. 3 for methods, Table 18) there were no significant differ—
enecs berween any of them (p — = .03} Furthermore there was no corralation between any
of the parameters measured suggesting that skull growth is highly vanahle (Tahle 183,

Consiclersog that there are no differences between (he hatchlings it seems strange that adule
females are significantly smalfer in the Tromelin population, This difference might be merely
2 sampling artefact because very few turtles were nesting on Tromelin ducing October [97],
Not having kad any tag retursg from wurtles tagged on Tromelin the feeding ground of this
populztion is 4 yet unkndwa bul it may be that feeding opportunitics are not a5 favourable
for the Tromelin population. it s likely that Tromelin tuciles feod off the east const of Mada-
pasvar whichis a moderale energy coastline lacking in sheltered shallow bays in which are found
growing the spermatophytes regarded as the mos! favoured food organism of the gieen Luribe

The apparent difference in food opportunitics may be expressed also inthe epg prodoction,
Table 19 compares the dinmeter and mass of individual eggs and nlso the clurch sizes and clutch
mass of ¢ges from Europa and Tromelin [slands, Europa has a significantly bigher clutch size
although the individoal egg measurements for the two populations are almost identical, The
mas of the clurehey are also, a3 expected, significantly different {p — 002, Table 19 (3).

There 4 no relationship betwean the curverd carapace lengrh of green turtles and the number
of ¢ggs laid (Fig. 21) bul it wis thought that a relationship might be found between the size
of the female and the space volume occupied by the sggs. Table 20 shows records of ten
clutches from Tromelin lsland and alo that there iy o significant relationship at the 105
level only, ie. there is @ tendency (or Jarger females (o lay larger clulches by volume znd by
mass. It is; however, unlikely that this fendency would explain the highly signiicant elutch
ser difference between the two populations

[t seems probable that the presence of u substantial population of large green turtles layimg
large chutches of egps on Eoropa lsland i3 an indication of the optimal leeding conditions
alomg the sheltersd western littoral of Madapascar,

It also seems possible that the somewhat more domed carapace of the Europa females as
compared wilh those females from bath Tromelin and Aldabra is 2 resull of the greater ezg
produciion,

This iz not certain for Aldabra, however, as Fraziee's (op. ofr.. 380} sample of 4 clutches
(mean = 8% apgxfoluteh) is rather 100 small on whizh 1o base conclusiony, but would seem 2
plausible hypothesis 1o explain the difference between the Eurupa and Tromelin populations.

Discussion
It Lins been shown that the green tuztle in the study area shows same varalion bat, in general,
all parameters In each population overlnp and nene differ markedly from gresn turth: popu-
lauens cisewhere The colouring of green turtle carapaces is so varinble thai it is difficalt to
ascribe o reason Tor it and all must be of equal value or there should have besn some selective
pressure brought (o bear on disadvantapecus eolonring

With any attempt at distinguiching diserets populations of turtles in the studly region on the
basiz of colowr being epated, and the variability m aduil morphometrics being such as w
negate the possibility of their ugs in separating the populations, it is concluded that ali the green
turtles in the sovth-western Indian Ooean are of the same strain but are divided iolo separaLe
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nesting populations which may or may not mix on feeding grounds. No tag data haviug besn
received as yet which would suggest one point of view or the ather,

It 15 ikely, however, that there ¢ mixing because when (he curved carapacy lengths of adult
green turtles (sex unknown) from Madagascur and Mozambique were compared, no significant
difference was appareat (n = 72, p = 4), As the South Afnican coast does not host 2 nesting
population it is assamed thal green turtles found on the easl coast sre drawn from Meznmbigu=
and/or Modagascar

It is also supgested that those differsnces that have been demonstrated are probably an indi-
cator of the availaluity of food reserves andfor savironmental conditions for (here appears
rer cther valid reason why one popalation should be different in gize to another nor why their
cee-producing potential shovid be markedly different.

The hawksbill turtle

Genus Eretmochelyr Fitzinger (843
Species: Eretomochelyy umbricats (Linnaeus) 1766,

1766 Testude fmbricata Linnaeus, Swxt. Nap, od 12, 1, p. 350,

1382 Chelonta imberivate Tenminck nnd Schlegel, Peters, 17; 1910 Vaillant and Grandidier, 26,

1838 Chelone fmbricare Geeef, Boulenger 183 1906 Siebenvock, 40; 1930 Petit, 100 1950
Decary, 4.

1937 Eretmochelys imbricata Hewilt, 16; 1939 Deraniyagale, 187: 1950 Rose, 327: 1953 Dera-
miyngale, 17; 1956 Jones, 376; 1957 Loveridge and Willlams, 485; 1966 Legendre, 217;
1967 Hughes, Bass and Mentis, 50; 1967 Carr, 237, 1968 Facy, 1, 33: 1969 Day, 237;
1971a Hughes, 55; 1971 Frazier, 19%: 19713 Hughae, ],

1952 Eretrnochelys smbricata squamein Agassiz. Caerr, 373; 1966 Minwon, 62.

1967 Ercimochelys imbrigata bizsa [Rippell), Pritchacd, 203,

Commaon oames

Hawksaill turtle (English), velkbekseoskifpod [(Afrikaans), tartaruea (Portupusss): tforfye
ecatlle, caref (French), fenohara (MNorthern Sakalawva, Veeo): fonofaty (South Sakalava);
Sfanatunga (Antonosy), fekoma (Chimani); inhapa, ngapae, xicore, mamba (Makaah, sissassum-
banga (Shangane); rafia (Xuabo),

Description
snout elongale, comprésied, beak drawn oul but nol hooked, without cusps; edges of jaws
smoanih; pre(ronials noi elongate, in 2 pairg; frontal azygovs, small, rarely fused with fronto-
parictal {Loveridge and Willlams, op, cit.: 487), fused in | specimen out of 5 in Durban
Aquarium; rontoparietal large, enticely or semi-divided anteriorly parietuls 2, transverse in
Juveniles, decidedly elongale in wdulis; simmll interparietal present in one specimen out of 5 1o
Durban Aquarium ;| suprascular large; postocular 3 (Tablz 21), oceasionally & (Loveridge and
Williamg, ibid); supratemporals 2 or 3; forelimb with moderately enlarged scales nlong wnterior
edge, behind them soveral rows of scales, posterior edge with u series of enlarged scales: bath
lore= nnd hind himbs with 2 ¢laws; {ail shorr in females, longer in males,

Carapace ovate, subtectiform in adults, with 3 intérrupted Keels in young but anly 4 trace of”
the lateral ones persisting in adults; nuchal region (runcate, margin sercate in juveniles, sirongly
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sercate in oadults: dorsal shields juxtaposed in hatchling (Lovendge and Williams, &),
strongly tmbicale from less than | year old through te adull becoming juxiuposed in aped
individuals: nuchal bronder than long, not in contact with first costals, not in contact with
second marginals; vertebrals 5, occasionally 6, exposed portion of ¢ach broader than long at
all ages, the first no broader than the others in young, broader than the olhers in adults;
costils 4, 4th smallest, muarginials moal coommondy 11 paies, occasionally 12 pairs or mixed
11/12; supracaudals 2,

Plastion anteriorly rounded, 2 prominent lateral keels; plastral shields more or less imbri-
cate from less thon 1 year of age, juxtuposed in sged individunls; intergular cither present or
ahsent; inframarginals normally 4 pairs without pores, occasionaily 3: interanal either present
or absent.

Table 2! summaners the lepudoss of hawksall turtls handleld dunng the currenl survey.

Apparently the tortoiscshell scales of the female are far more robust than those of the male.

Coloar

Mo hatchlings wers collected during this study so colour descriptions start from specimens
ranging in ape hetween ooe &nd two years.

Juvenils coloration is highly vernable being either, more commonly, dark brown with the
carapace fecked, streaked and blotched with gold and pale brown, or with the preddminant
colovr being golilen yellow with fecks and streaks of vanows shades of iown. The
plastron is normally pale red-brown with pale patches. Head and limbs dark-brown with sl
scales clearly outlined in white or creamy yellow (Plate 5),

Sub-adult and adult carapace colouring mamly darker in tone some almost black with yellow
blotches (Plate 6); coloor of plastron almost unrform red-brown; head and limbs very dork
brown verging on black with scales outlined in pale brown or very dark vellow,

Size and mass

Dute in tkis section is based mainly on unsexed material collected in middens and/or stranded
andmals from the MNatial const. As most of the latter are juvenile or sub-adult {Table 22) no
comment can be made on size differences based on sex. No hatchlings were handled doring:
the present survey but Sicbenrock (1906: 40) gives the carapace length of two hatchlings
from Mejungs as 38.0 ond 43.0mm.

Adult hawksbills in the study region can aitain & curved curspace fength of 56.0cm (straight
carapace length 78.6cm) and a curved carapace width of 75.10em (straight carapace width
62.8cm), The messurements sxcesd those deseribed by Loveridge and Williams {op. cilr.; 488).

One adule female hawksbill in the Durban Aquarium hag attained & curved campage length
of 93.5cm (straight carapace Jength 78.6cm), curved carapace width of 89 5cm (straight cara-
puce width 62.8cm), a plastiom length of 71.9¢m, width of 5§9.5cm, and a head width of 12.8cm.
All measurements fall within the range for (he Caribbean hawksbill population described
by Carr, Hirth and Ogren (1966: %), and are little different to specimen 5 described by Prazier
(op. cit.: 398), nur are they markedly different from the South Yemeni hawkshills (range:
carapace length 63.5 - 72.5cm) described by Hirth amd Carr (op. sit.: 21).

Figore 22 shows the relationship between straight carapace length and mass based on
stranded specimens and captive animals in the Durban Aquarium. Despite the obvious short-
comings of using some caplive muateriz! in the preparalion of the graph it s felt justi-
fied on the grounds that no other groph is available. The mass of the large femalean the Durban
Aguanom iz 139.0kg (306 1bs.) but she iz displaying signs of obesity.

Sesual dimorphism and sex ratlos

Ma dats were collected doring the present survey dealing with either sexuval dimorphism or
£cx ratio.
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Dristribution and populations

Figure 23 shows the disuwibution ol the hawkshill tartle in the study region, Areas of highest
numbers are western and northern Madagasear, where they are, incidentally, most heavily
explonled {Hughes, 1973; Fig. 4: 42), and Meozambigue north ol Beira, Souath Africa must be
regarded as a marginal area for the hawksbill because of |1 recorded strandin gs all have been
either sub-adult or juvenile [Table 22)

Their contribution 1o the total sea tuctle population is shown in Figure 6 and in Figure 7
it can be seen that in Mozambique it is the secand most common species and probably is in
the western region of Madagascar alsa, The problems with the latter area is the fact that sa
many hawksbills, particulurly joveniles, are transported for sale and thus beyond record.

It 1s nor possible to assess the populitions accurately ax no breeding grounds were worked
during the current survey. Data gathered during twe visits to Madsgascar suggest that approxi-
mitely 2 X)) hawkshills are killed anneally in the territory, Table 23 summarizes these datn
und the figures were derived from direct specific infurmation and, in the cage of mest adults,
from annual weighis of tortoiseshell handied or exported (2,5%kg = | adult) {scc also Hughes,
1973: 43). I can thus be seen that the contribution of the hawksbill to the tolal species compao-
athon 1n Madagascar is probably higher than recorded in Figure 7.

Beach prefecences and nesting areas
As only two hawkshill nests were observed during the current survey few comments can be
made on either beach preferences of nesting arcas,

Hawksbillz nest on the Primeiras, the St. Brandon [slands (Mr. L. Couvacaud, Manager,
Mauritius Fishing Development Co., pery. comm.), Tromelin and the mainland of Madagascar
particularly on the norlh-cast coast, Thos, most of their beaches are shared with the green turtle
andd i s assumed that their beach preferences arc similar. Figure 23 shows the known and re-
puted nesting areas and it is believed that the heaches of norih-eastern Madagasear are the
mast heavily utilized by nesting hawksbills. Tt was thoughe, until recently, that hawksbills
were slmaost entirely disparate nesters and did not exhibit mass or even modest nesting agglo-
merations such as has been demonstrated lor all other species. Recent surveys by Dr. H. R.
Bustard {pers. curnm.) indicate that this may not be the case as he had found such agglomera-
tions off the north Queensland copst. Such 2 situation, compriting modest agglomerations,
may pertain io north-eastern Madagascar.

Biometrics

With the pauwcity of availalie materinl biometric relationships are presented hesitatingly,
Figure 24 shows rhe relatianship between curved carapace lengthfcnrved carapace width and
between the straight carapace length/strnght carapace widlh using Rartlett's regression, More
refined regression analyses were vonsidered unjustilied beeause the dara were unsexed and from
widely scattered Tocslitics,

Figerc 25 shows the velationship between straight carapace leagth and (he plastron length
and would suggest that there is a consistent relationship throughoat the life time of the hawks-
nll tustle Figure 26 showing the relationship between head width and straight carapace length
and shows slightly more variation. Evidence for allometric growth iz hes! iliusirated in the ratio
between these two parameters. At carmpuce length 20.0cm the ratio #20,18 and at 60,3cm the
ratio ix D14, This ratie in u Carihbean hotehling (data from Carr, Hirth and Qgren, op. cif..
3) 12 0.34, and 0.33 in n South Yemeni hatchling (Hirth and Carr, cp. cir.: 20),

Measurements from 7 hawksbill skulls are presented in Table 24,

Discussion

There are no obvious differences between the hawksbill materinl collected during the present
study and the materinl described by Hirth and Carr (op. cit.: 6) or Frazier (op. cit.; 398-39)
from South Yemen and Aldabra respectively.
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Carr (1952: 373) states that hawksbills-are oot known Trom the f"upcﬂ:r Good Hope and thar
it 15 very doubtful that they meet the south Allmiie stocks in this region. Strandings recorded
duting the present study show that they do oceur around the Cape {and from the Atlantic
shore; Blaauwberg Strand, South African Museum No. 43300; Woodstock Beach s.a.m. No:
43294} so mising probably does occor when or i individuals pulsing round the Cape are trans-
ported up to warmer latiiudes. It is considered highly vnlikely that the Appolan stocks move
down the west coast of Africa to the Cape because thig would entail 5 deliberate movement,
through waters as low ac 14"C over s distance of at least | 600km, These sirendings provide
2 demonstrable link, or the possibility of one, beiween the western Indian Ocean stocks amd
the Atlantic stocks and might be taken as furiher evidence against the laxonomic separanion
of the Iwo oceane populations

Asg it is the separation stands on such nebulgus grounds 44 carapace “maore heart-ghaped”,
and upper surfaces of head and Alppers “less black™ and these prileria seem unqusithed as was
implied by Care (1952) and ignored by Lovendge and Wilhams {op. &),

The loggerhead turtle

Genug Caretra Rafinesque 1814,
Species; Carelia caredts (Linnaeus) 1758,

1758 Testudn careita Linnaeus, Syse. Net, od 10, 1, p; 197,

1889 Thalassochelys caretta Boulenger, 184; 1910 Vaillant and Grandidier, 26; 1930 Petit,
100; 1950 Dewary, 94; 1966 Legendre, 217,

1933 Carento gigas Deraniyagala, 66; 1936 Deramyagala, 249,

1939 Carerta carerta gipar Deraniyagala, 164; 1943 Deraniyagala, 84, 1944 Deranivagala, 95;
1945 Demmniyagala, 16; 1952 Carr, 393; 1953 Deramyagala, 13; 1967 Carr, 2731 1967
Pritchard, 196,

193 Carctte carsita HEWH‘I, 1 5; 1950 Roae, 455; T9hd Huss and MeA tiiul_:_:;l 1; 1965 Mealls-

ter, Buss and van Schoor, 13: 1967 Hoghes, Bass and Mentis, 7; 1363 Day, 238; 1571a
Hughes, 53; 1971 Frazer, 401; 1972b Hughes, 15; 1972 Hughes and Breul, 40,

ommon numes

Loggerhead (vrtle (English), faretseeskiipad (Afrikaans); gror ofre, rortue couame (French);
tartaruge (Portuguese) . dongosi (Zulu, Thonpa); ehevi, ruff (Makua, Swalul)); seamheo (Shan-
gans), sinyela (Sisonga), omphombo (Veen, Sakalowvs, Mahelgly, Antandroy): famomena,
Sanovema (Antonpyy), trfasara, (North Sakalava),

Dheeripiling
Snout relulively short, ocasionmlly compressed ; beak distincdly hooked, vnicuspid: edge of
Jaws smooth; prefrontals not elongate, in 2 pairg; frontal azygous, small, longer than broad,
frontoparictal as broad as long, semidivided both posteriorly and antenorty and l'I-EEl.!-:Jﬂ]’I‘IIJ:I_}"
lalerally ; pasictals hroken up; hiupnuﬂ,:l;hlr large; postioculars normally 3 per side but some-
what variable; supratemporals in 3 pairs; forelimb with madecately enlarged scales alopg an-
terior cdge, behind these numerous small scales, posterior cdge with a series of disticctly en-
|arrgn‘d ﬁmlm,wmﬁiﬂﬂ ot s B R e e R
soup e il AR Wi e i A Sisihle ;
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inil shary m juveoiles uuﬂﬁhiﬁfﬂﬂmgnh_  males have a longer-t3 (52t Sexual
“Bimorplizm, this seriion), RS o

Carapace gvate during most of lifetime, post-Natchling Lo sub-adull pecimens occasionnlly
as broad or broader than long; tectiform, hatchlings have three interrupted keels the two outer-
moal of which beeome weaker with age; contral keel develops sharp spines on vertebrale until
the carapace length reaches J0cm where with the broadening process mentioned sbove the
keels flatten out; keels still visible as interrupted bumps ol stright carapace length §5cm;
1 plustral keels low and interropted disappearing by the time the stratght carapace length
reaches 30cm; nuchal region trupcals, margin merkedly serrate in sub-adulis, less so in
mature animzls; dorsal shields jl.l..'l:t.'lpr.'rs:n]; nuchal nzrmally | occasionally 2, broader than
long, m contact with first costals where costels are 5 or more 2ach side, not in contget in raes
instances when costals are 4 per side; vettebrals normally 5; costals 5 per side, ficet smallest;
marginzls normally 12 pairs, supracaudals always 2.

Plasiron anterionly rounded, scules juxtaposed; intergulors and interanal sither preseat or
absent, more aormoally absent; inframacginals normally 3 pairs without pores.

Table 25 summarizes the lepidosis of a sample of loggerhead hatchlings from Tongaland,
Matal and Table 25 sumimaiizes the lepidosss ol adalt and gub-adult logperheads from various
locahties in the study repion, It can be scen that with the exception of the supracaundals all
shiclds show varietion. Front the 10tal sample combined; adults, sub-adults and hatchlings,
the definitive scalation is as follows:

Muchall , . . . , . . 8.3 (=179

Vecebmlss . .. : . . 9545 (n=17%)
Auprn candals 2, . v = JD00% - In="175}
Costals SLSR. . . . . . BS1% (o 179
Marginals 120 12R . . . . 6L1% (a=173)
Infra-margmnals 3L 3K . . B7.1% (0 =70)

Pogt-oculacg L3R . . . . T82Y% (=119

Table ?7 summarizes ostecological data collected from 31 loggerhead carapaces from the
Natal coast and 4 examples of the neural patterns are iliustrated in Figure 27.

In the bony carapaces nochal nlways voe; neunidly highly vanable bet mesl commaonly 10
only oecasienally interrupted by pleurals; suprapygals normally 2, cccasionally | or 2; pveal 1
pleorals in 8 pairs and peripherals 12 pairs; ribs enter peripherals 4, 5,6, 7,8, 6, 11 and 12.

Caolour

Mewly hatched loggerhead turtics in Tongaland are plan grey brown when dry, pale red-
prown when wer; red-ochre and yellow-ochre coloured specimens have béen observed in
clutches emerging through sand discoloured by [orest hamuz of similar colour; underparts and
skin dark brown to black except 1n the centres of the plastral shields whick are lighter in tone;
beak and ayalids hluck of very dirk brown ; beak lightens wilhan months (o rod-briown nnd the
centres of seales on Bippers also lighten rapidly. By the time the tusile reaches a carapace length
of 100mm the overall upper coloration is predominantly red-brown with some streaking in
cither Light or daak brown,

Albino hatchlings huve been observed anly racely (Hughes, Rass and Mentis, 1967-35)

Witk the increasing size there is a lightening of the underparts through u blotched ¢creamy-
white to a nich golden yellow which suffuses the throal, sides of neck and head and underparts
of fippers but seldom reaches (he vpper surfaces of the neck and fippers which ame alwiys
darker In colour, The carapace colour [ntensifies and becomes either plain red-brown, red=-
brown with darker streaks or dark beown with streaks. At adulthood, in the Tongaland popu-
talicn, streaked cammpace . colomtion s more common Ahan the plain red brown {Tabls 28,
Plate T)
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Adult plastra and skin-underpasts are vunnble fram dirty-white through yellow-white, pink-
yellow to plain yellow. Yellow often persists an the throat, sides of head and neck; when this
ocours the centre of the head scales are & darker red-brown. Occagiona! lemales with nlmost
melanistic colousing, having intense black on upper surfuces, are encounteced in Tongaland,

Size and mass

The Tongaland loggerhoadhalENhng has a carapace length nfbctmcnﬂﬁﬂm. The
mean carapace length of 1004 hatchlings taken from 121 clutcles over 8 seasons is 44 Tmm.
As with green turtles, matenal was weighed and measured the morning following emergence
and only emerged hatchlings weire investigaled because Hughes and Mentis {1967 635) showes
that there significant dillerences between successfully emerged hatchlings any those remaining
behind in the pest,

Table 29 compares the length and mnge of Jength of the Tongaland hatchlings with data from
other localilies (seurces quoted) although only one group of data, that fram Scouth Curaling,
13 really comparable. The Japanese sample, although fairly substantial, is extracted from & con-
tinuous column of measurements which 1s divided 1nto clutches but 1o which is not attributed
the time inlerval betwesn hatching and measurcment,

On average it would appear that the Tongaland Jopperhead ig fructionally smaller than all
other populations with the possible exception of the Colombian record which appedrs to be
Trom 4 single specimen and thos kardly compurable. However, there has been afSijipasgt

"seagobal vidrlton lnomean-carppace dangth over ¥ seasorssin Pongaland and i1 i therefore
hiighly probable that ginilir seasonal variations occur in other localitles, T&Hng this into con-
sitleration the widely separated populotions 50 far investigated appear to be remarkably stabie
g far ag harchling size is concerned. The range of mean sizes 15 only 1. 1mm.

Adult fernale loggerheads in the Tongaland population can reach & curved carapace length
o 7Okt g Serapace lea gt igs S4omi and a mass of m but both of these measure-
ments are extreme. Table 30 summarizes the measurements and mass of loggerhend materal
collectsd in varicus lozalities iz the study region. Table 31 conmpares | he mature femals stealght
carapace length with those from other Jocultties (sonrces gquoted), Pigore 28 shows the size
distribution of curved ecarapace length in Tongsland femals for 7 seasons in Tongaland,
MNatal, It is perhaps worth noting that there was no difference between the mean curved cara-
pace length and best estimate standard deviutions of the 1965-66 population (n = 134) and
the 1972-73 mh;uﬂ:l!mu {n == 259} (p=.T).

i no ot thmehe Tongaland (emale-docs not attidi the dinien%iois o the Auntio?
mercseationrd

“ hng-MEisUTEmEnts 15 prob T
The moddnl corved carapace length for the 7 seasone illustruted in Figure 28 shows vapalion
from 52-07cm althongh the past 3 seasons bave shown a decreass from 96 95.93cm. It is clear
that further work will be requited (o see whether the modal length will stabilize or continue
to shift. 1 is suggested that it will contioue to change within the illustrated range for one can-
not discern any size classes in the mature nesting populaton in Tongland ﬁummm'nﬁpfi
Mﬁ%ﬁﬁiﬁﬁim.ﬂ'ﬂ.@i'ﬁﬁf&iﬂi:ﬁ[. e cirrel Bl Wit agE
“Table 30 ineludes datn from male Inggerhead turtles taken slong the Natal coast and these
measurements would sugpest that the males only rirely attain the same dimensions as the
matore feraales in Tongaland. This Is, however, a doubtlul observation becuuse no males have
been measured in Tongaland and when one compares the female material collected off the
Nautal cons! with {hat of mature nesting famales there are sigolficant diffecences in cvery para-
meter (p == 001) exzept !hﬂ‘!ﬁpj' plustion, width which difference 18 not significant (p =2},
This e s g e Tt - Nata “fernmle muiorisl I_:dr_‘ir_m_u}m_l.g_::_v&ncll ILis thus likely that
e T e ST ri] 1hoa ﬁﬁ'ﬁ'ﬁﬁi_immm;im Figure 29 showy t&fﬁiﬁ"ﬂﬂtﬂhﬁﬁ&iﬂ'ﬁlﬂiﬁht Cary-
pace lengthy of alb material gathersd in Matal (males, females and joveniles), unsexed material
from Mudugnsear and a sample of matuee females from Tongaland. SR '
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“There is nothing in the material collected to suggest that male loggerhead turtles obtain di-
mensions any greater than thal of the femule and it sesms likely that they can attain equal di-
mensions, Thers pre however, someé sexval differcnces (see below, this seotion)

Figure 30 shows the relationship betwesa straight carapace length and mass based on mate-
rial collected along the Matal coast, both sexes included. Few data from captive malerial are
included in the graph for [oggerheads in the larper sites (ond to begome obese in caphivily.
Uchida (1967, Figure 6: 303) gives a graph showing the relationship betwcen body length and
mass derived from data collected from 2 loggerhead specimens reared in captivity, Massas of
wild material collected on the Natal coast do not it the line bul lend b ke lighter at each level,
This 15 to b expectad as caplive anmmals tend to lcad more sedentary lives amil thus as men-
tioned abave, attain & greater mass which would have undoubtedly influgaced Uchidza's results,

Uchida did not include fully adult specimens in his graph and the mass of mature nesting
fernales Fromn Tougalind were nol included in Figure 30 _Eﬂ_"]?ﬁﬂﬁ]]uq{ Uﬁﬁ&llﬁi}:{ in he rp
?ﬂﬁ!hlhﬁtlmﬁﬂﬁﬂmmwmmﬂi are 80 great that it is not possible-to s

tisfactory. formula for deciving the by mass of any indivitual female furtle from

i Eﬂﬁlf[.mmrmcl: il.'.'n,H! T o Hn'l.r il her I'ET'LTI!‘IH[F" One turile on (hres saprrale OCCASIONS, Was

weighed ar 114.6, 115, iand 126, 4kg and ancther female weighed 107.3 and 116.8kg on different

occagions (Hughes ¢f all 1967; I‘i} Avehitch fasses ;ﬂ#yg kg aml one tartle can lay 4p

S Hiries tﬁl.mg@nufi g n:.&m:.:‘uﬂ viry by 3&[{% A mﬁ Fokp animrial and i ﬂluﬁ'-'a
OSL unsatisiactory

[t is perhaps appropeiate to mention the wnfortunate lack of wmperatore data when pre-
senbing grawlh elals or mass dald, Ses turlley, being poikilotherms, rmpqn:l Lo lemperalure
differences and it 1s very likely that the date preseated in some publications are based oo
matcrial grown cither in artificially hcated water or in aguaria with equable temperatures
throughout the year but nol secsssarily those to be found in the ostural habitat of the turtle
under stedy. Culdwell (1962a; §) stated that water was pumpead from the nearby shore and thus
was suffizicotly close to the “natural” smbicnt tcmperature ¢ make growth rate, and thus
mass, indicative of that in a wild state, This may apply in the Florida region but is not applie-
nhie to the Natz| coust. Firstly, turtle hatchlings lLﬁWﬁﬁﬁﬁ}umﬂi and thus spend litthe
time in the vicinity, and further, vt south 16" é6tder Tatitides which would nndoubtedly
affect theie growth cates and mass. From published data (of Drongersma, 1972: 147) logper-
heads frem Florida probably pass out of Florida waters end are sulijected o cooler tempera-
lures thien thase that pertain arougd the coast of Florida, this would cast doubt on Caldwell's
conclugions,

Lo conclude this section Figures 31 and 32 are presentad. Figure 31 shows the mean manthly
conatinl temperaturss in Tongelud, Durban, Purt Elizabeth and Cape Agulhas and the raoge
of temperatures between 1969 and 1972 inclusive,

Figure 32 shows the sea temperature taken 150 nautical miles away from the coast at the
same four points unud over Lhe same period. All dats wers extraciee from the 1-day sea surface
temperature charts issucd by the South African Marltime Weather Office, Caps Town.

Included in Figure 32 is the annual range of temperatere roughly in the centre of the Agulhas
Gyril £33°%; 35°E) for 1963, These data were extracied from Wyrtka (1971).

[t can be seen that the length/mass relationship expressed in Figure 30 Is decived from ma
terial that has grown up in waters whose temperatures vary from between 14,0°C (Cape Agul-
luas) and 27.7°C (Tongaland ) and it is prohably as oeer 2 natural relationstap 25 it i8 possible
to obrain.

Sexual dimorphism and sex rarlos
Two loggerhead turtles; a male 2nd a female, have been reared in the Durl.'ran &qun:inm
from hatchlings through (o 9 yedrs amd 4 months of age, No external sexual rlr:x:r. Wl:l’:

ippurent unit| the unimels reached o stroight carupace length of belween H‘F
gaie oF @iy when the tail and claws of the male started to lengthen pl:tﬂﬂpllb[jr anun.- 13
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shows the differences i tail aud clow growth of the two sexes. Finer distin¢iions, if any, have
bezn obscured by the femile's tendency rowards obesity,

Suflicient wild material has been gathered 1o show thay there are other differencey between
the sexes apurt (rom the tail length {ratic male: female; 3. 1) and cluw length (3: 1). A compari.
som Of ¥ pardmeters sunmarized in Table 30, between Natal coast males and females show fie:
ﬁgﬂiﬂﬂﬂﬂt dillerenoes CIEEF'E in ph!.lﬂ‘l-[l i I'IEHI '[l:l_ -L;_LISJ_ Ml]f tqﬂﬂhcﬂds ha\r.g :.'h:]rh:r ]JI.I.I-
irons than females (Fig. 42} presumably 10 accommodate the stiang muscular tail, as was
suggesied for the gresn turlle by Frazier (op. cie.; 338),

Females wie also more domed than males. The ratios of straight carapace Jengih/curved
carupace lengths are:

Natal males I : LO6
MNatal femalss I 107 {momature)
Tongaland females 1 @ 1,08 (maiure)
Further, the ratios of siruight corapace widtha to curved carapace widths are:
Natal males  {HE 5 1
MNatal females 11 122
Tongalaod lemales 1 : 1.27

The males appear {0 be relatively wider {Figure 34) thun females but there is no significance
when whole fipures are compared.

When compared to the Natal females, males show a ey \owards having wider heads
(P =.Z2) ILis regretinble that there was insufficient adult male material with which to com pure
Tongsland females. Table 32 summarizes skuil data from a sample of logperhead matenal and
there was 0o significant difference between the sexes fn any of 1he parnmeters measured (Table
32hb),

As do Tew male logeerheads have been seen i the Tongaland area it is difficult 1o nssess the
SeX TATi0 in a wild population, Stranded loggerheads along the Natal const nowsver, consisted
of 13 males and 22 females giving 3 zatio of 1: 1.7, This would suggest that the soxes b is
similar to that sugpested for the green turile e, 2,

Dristribution amd popalatinng

Figure 35 shows the distribution of the loggerhead turtle in the study repion. Although com-
non along the African and Madapascar eoasts it appesrs rarlnEasdceali @ ihids, Only one
sub-adult gpecimen has been studjcd &1 Aldabra (Frazier, up. cit. : 401), logyerheads are known
in the St. H'r'umlmﬁi nils but seldom encountered. Occasionally loggerbigads appenr ofl Re-
union Island but fr— pparenily, a% aduits nas g peemaneat residents’

Legendre (1966 217) stated that logaerheads were abserved in e channels of the legoon on
Evropa Island. During a six-week visit (o Europa duning the present gurvey e logperhends
were olserved and it was suggedted by Mr Andre Maugé, s member of the Legendre expedi-
fion, that this may have been & musidentificution, there being confusion between Juvenile greens
and logperheads.

Fram Figure 7 it can be clearly seen to be the most common species ofl the east coast of
South Africa constituting 59.0% of the total papulation. They are also very common off the
south coast of Madagascar,

With only lwo nesting areas, only one of which has been studied In dgtail, an sstimation of
the totdl population is difficult, In lh:ﬂfﬂfﬁﬁﬁﬂ%ﬂﬁﬁhﬂﬁ- il Naial some B
toggerhead females hiuve been tapged over the pasl ten yeags. Recivery rates Have reachied the
4-?‘,‘.a,'="~li'i'fl g0 1l 15 possible thal ﬂp-pm:iinmicl}:_ﬁiﬂﬁmaﬁmﬂim this nesting beach, bul (s
will depand on the nesting lifetime of the imdividial fermale 16t spreads over o ten-vear period
such an zszumption will be justifiedd. 11 it Is mueh less or much mors then some revision will
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huve to bé made when more defimle information 1% lurl:l':::'ml:l:ng f?rl[}-ﬂﬂ"m huve been
obasgpved: Laenest welnrSeparste nesling soakins so far but the loss of plasiiy tags used in
carlier seasons has confused résults,

Hearsay reporis in South-east Madagascar clasmed up o twenty lfenmles per night nesting
alony the coast helwesn Fuorl Dauphin and Soinl Luee Assuming that the logerrhead behavious
In Madagascar |5 similar to that of Tongaland, this would suggest that the nesting
population is in the region of JESI0TEMales por seasdi winch makes it only slichily smaller
than the Tongalund populstion. Taking mio considerntion (he much wider nesting distri-
bution of the loggerhead on the mainland of Africa, Le. from 20°8 to 285, it {s likely that there
are oo more than 10 000 nesting females in the study region. This figure i3 made up of upproxi-
o aﬁ,_._;-mrn TTongakiind 73 000 i Nadagascafaimd ™ ¥ 00 AR ramdinder of 1heXfrenn
mitmag If the adull sex ratio {see sub-section nbove) is in the region of 2 females to eveLy
male then the total sexually 2ctive population of loggechead turtles in (he study region would be
m the region rrl'ﬂf[[ﬂ The Tongaland population appenrg siminre in g1 Lo thot deseribed for
Colombia by Kanlimann (1971: 76) although his total figure of 400-600 females per season 18
an extrapolation and not from direcl observation, Although no specific figures have been pub-
lished on the Morth America populations it would appear lo be fitr in excess of the Tonpalaud
populaton. No demils are avoilable on the Anstralian or the Japanese populations.

Beach prefercaee wnd gesting areas

In the stucy region loggerheads nest only o sEigw Rt -Benchte, generally with offshore reefs,
oKy oulcrdpt and forest covered dunes backms: the bemches. The physical background 1o
the beaches frequented hy mesting |lopperhends does, however, appear vanable a3 Bustard
(1968]) staies that logaerheads will nest in arcas where grasses comprisé the only ground cover.
Baldwin and Lofton (ep. cit. 127) reached a conclusion similas (o the present author®s in that
the Atlaaho loggerheads showed o preference for a beach backed by high duncs or vegetation
which presents a durk and broken horizon to a turtle in the water. In the case of the study region
in Tongaland there 15 only one jocality between 35 and 38%km (23-25 mules) south of the Blisngu
Nek camp (Boteler Point) wlich i “open”, i.e. with no immediately close sand dunes or vepe-
tadion,

Figure 35 shows a composile piclure of the littoral zone of the Tongaland nesting beaches
and Figure 37 the profile of a pothion of beack hesvily utilized by loggecheads. McAllister,
et al. (1965 18) sugpested that of the two types of beaches found in Tongsland viz, the retro-
graded type (Fig. 37) and the flatter prograded type {intet Fig. 37), the loggerhead showed a
preference for the retrograded type. As the beaches in Tongaland are soioriously unstable und
can change froum ane Type (o another, or indeed, disappear completely leaving bare rock during
i single tide, it would appear more accurate to state that the retrograded beach is the most
common i Tongaland and thue more heavily used than (he prograded beach, but both are
used. In Figure 36 the 6.8km (44 milie) north streteh is grograded but it can be seen that thers
15 hiltle difference m the nesting activity belween this stretch and adjacent retrograded beaches.
Loggerheads in Tongaland nest at all accessible levels of the beach aforve. (e figh water tagR
and thig distance can vary from the lowest levels, nooasiannlly heing washed over by excep-
fonally high spring tides, 10 the tops of 30 metre dunes n:m:s.manng & crawl of nearly G0
-m:ﬂ:ﬁ*ﬂ

as shown for green turtle nesting beaches, sand particls sive an Tompaland hesahes i3
ul&n variable and it appears of negligible importance in the choosing of & nest site. Figure 38
shows the sand particle composition of zand samples taken above the high water level at 12
different sites within the protected arsa,

There is a tendency for loggerhebds to nest ou beachies Fronled by, or adjacent to, outcrops
ol iocks muwdfor sub-lidal close inshore reefs (see Fig. 36). A similar sitoation appears to pertain
al Mon Repos, Australia (Bustard [963). As this necessitates negotiating rocky chunnels or
the rocks themselves this seems peculiar when & completely obstucle Tree necess may be qvail-
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able within w few hundred metres or less. Tt is suggested that this may be ssociated with the
fionl orientation mechaniem which will be disonssed in @ subsequent publication (Hughes,
in press (b)), The sugpestion by Hupghes, ¢7 al. {1967; 13) that this is possibly because the logper-
heads feed o the reefy is discoonted in view of the fact that the “loggerheads™ seen feeding ors
the reefs during the day have sulsequently proved o be geeen tordes.

The loggerhead tuctle is the only true temperate waters nester, Nesting distribution within
the survey area i on the mainland of Africa between Pomene (23°%) and SL Lucia Hstusry
mouth (28°5) Occazional incidents of nesting still pccor around Durban (30°8) and there iz
une recorded nesting having taken place ot Dassen Island (K. Edwards, pers, contm.) (1475,
13°C) and ar Mossel Bay (34°S; 22°E) (Hewitt, 1937: 15) although the latter nesting was not
positively nlenfified as o loggerhead,

ithough the present nestiog distribution on the main land of Africa ends abruptly at about
27°3 there is a distinet possibility that nesting once occurred further south. The first law tor
protect sea turtles and their CEEE wag passed just after the turn of the present centory. [Lis iughly
urihkely thut thig law was passed to protect 1he Tongalond nesting beaches whose exisicnes
became generally known only in 1963 (Bass and McAllister, op. cir.- 287). Furiher Hewitt.
{”F- cif.. |-""‘.3 mentinng & report that sea turtles were once h:avily t:{p[utl:d :'III]'I!IE the xouith
coast of Matal at least as far south ns 32°8 but the report did not state whether these were ail
taken in the sea or on beaches. Brongersma (1972: 146) points out that the loggerhead turtle
breeds further novth than any other specie in the Atlantic Ocean reaching 35°N an the Morth
Amencan corst and 35°N on the Afvican eoasl {Pasteur and Bomns, 1960 27). It also pests in
Turkey and Dialy (Brano, 1969 in Brongersma, ibid.).

In Japan the loggerhead nests as far a5 35°N (Nishimura, 1967: 29). In the southern hemi-
spleere the Augtralian population nests as Far soulh as Bupdiberg at 25°S (Hustard, BLEY
which is very similar to the South-east African populution. The common denominator for
every leggeriead turtle nesting sree appears to be the $5"Cimniel Bolhvey which forms the
poleward limit of every loggerhead nesting ares with the possible sxceplion of north west
Alrice. Table A3 summarizes thess dats and il will be seen that of @ negting beaches 7 are limited
in the polar extreme by the 25"C summer i3otherm, 1 is limited by the 26°C isotherm (Mada-
gascar} and only in north-west Africa does nesting appesr to take place in seas having tem.
peratores fess than 25°C. Data s so limited from this resion, however, being restricted 10 o
mere statement that the species nests in the region, that further debate must be deferesd until
the exact or even approximate statps of 4 possible nesting population is established, The record
published may refer to a single stray nesting,

On the equatorial boundary of the nesting range (he summer temperature does not excsed
28°C for 5 ateas, 27°C for 4 areas and in the Mediterransan does not exceed 25%C,

In concluwon the fDE:EErhl:E.d appéarg 1o f[Avour silica sand beaches although they are known
io nest rarely on coral beaches such as are found on Heron Island, Australia (Bustard and
Gresnham, 1968, 269), Sand particle size appears to be of minor importance 25 most silica
beaches are made up of fine to medium grain sand (Fig. 38) and the nesting range is directed
nol by lntizude, for they are found from 10°N to 43°N of the Equator, und 10°S (o 28°S of the
Equator, but by temperature. The ranpe of temperatures favoured by nesting loggerheads is
between 25°C and 28°C althnugh successful nestings have been recorded south of then limits
i the study ares. There is no nesting north of the 27°C summer isolhesm in the study region
neither in Madagascar nor in Mozambigue,

Rlometrics
Table 34 summarizes the relntionships between selested parameters of loggerhead malenal
collecled during the present study,

HATCHLINGS
Figure 39 shows the relationship between carapace length und curapace width in & sample of 30
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loggerhend huichlings from Tongaland, Figure 40 shows the relationship between the carapace
length and mass. Both relationships correlate well in comparison to the varability exhibived
by green turtle hatchlings (zee relevant section, above),

As the head width niso correlates well with the carapace length (Table 34) it is likely that this
ytabibty of characters is & reflection of the limited size of the Tongaland population,

The good correlation between carapace length and mauss of hatchlings i due probably (o
the stability of the beach in the higher levels, whers maost nests are laid. Sand moveraen: by
wiml ur ather vectors 13 limited along most of the beaches in Tongaland, Further, even if sand
movernent does result {n 4 greater thickness of sand above the aest the geoerally [ower tempera-
tures In Tongaland, a4 compared to Europa Island, would probably cut down on water loss
despite e nddional exertien required of hawchlings during emergence.

Extreme ¢ases of sand movernent leading 10 & sand cover exceeding thicknesses of one metre
of more have beca obsecved and hatchling mortalihes huve proved high on the rare oecasions
that incidenta of this nature hove besa recorded. It sheald be pointed out that in véry extreme
cases hatchlings would, or might, not reach the sucface in which case thers is little possibility
of their faflure to emerge being recorded. These instances are, however, regarded ws being of
neghigible importance 10 considering the overull ecology of the beach. In 90 cascs of wild nests
heing murked there was only ene recorded showing a sand build-up of some 0cm above the
ariginal beach level,

In ¢conclusion, Tongaland loggerhead hatehlings exhibit stabilily jo morphelogical relation-
sings 50 Lhat mass and width vary positively with the carapace length.

JUYERILES

Uchada (1967: 497} in his work on reanng 2 loggerhead turtles in Japan showed that in the
early stages theee were inflection pojats i the relationships between carapace length and width,
and he provided stniking evidence of mocphological changes 1n juvenils turiles, particulurly on
the head.

In the study region wild matcrial of carapace kength between 10cm and 6cm is completely
lacking, This paucity 15 expericnced not only in South Afjica but in Mozambigue and Madagns-
car as well.

[n the §0am 10 T0em siraight carapace lenpth range there [ more variability in the relation-
ships than in the hatchling stages or the adult stages and it is around this size that sexual
changes become apparent. As can be seen from Table 34 there doss not appear to be any signi-
ficant correlation between straight carapace length and straight carapace width, nor with
plastron length and width. There is a tendeacy for the head sizes W increase pogitively with
the carapace length but this is expected. The juvenils stage thus appearss to be a stage of mor-
phological fluciuation prior to the development of adult characteristics.

SUB-ADULT AND MATURE FEMALES

From o stroight carapace length of 70.0em loggerhead turtles start 1o exhibit relationships
which in s0me cascs can be related 1o gex,

Figure 4] shows the relationships between curved cirapace fenglh nod 5truighl CATHRHCS
length in sub-adult males, sub-adult femzles and mature females. There is no diffecence between
the sub-adult males and females in the smaller Size classes but males tend to be less domed
than females in the larger size classes, Futher, malure females wre more domed than sub-aduli
lemnles s thers is o possible chunge with maturity in order to accommaodare the developing
ceggs. Mules tend 1o become relatively flatter in profile,

The divergence of relationships can be seen also m Figure 3 showing the relaticoship
betwesn stranght canapace length and sirphi cotapace width

It shows thal males are relatively wider than females both when comgpared 1o the sub-adult
and raature females. There are obviously some relative changes in the casapace width as the
female attaing matority, pesaibly the doming alfect mentioned above results in a relative or
even reil narrowing in the carapice width, Carr (1952 386) suggested that the carapace appears
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martewwer i fie male; Figure 34 would suggest the exact opposite sithough it must be reiterated
that there s a dearth of fully adult miade matersl which moight shed a different light on the
apparent relationships.

Perhaps the most siriking relationzhip is that shown [n Figure 42 which, as mantloned pre—
viously in the sexval dimarphism section above, shows thai males have a significantly shorier
plastron. This rlitionship appesrs o biwome more marked with increasing size and there is
little difference m the relafiooghip in mature and immature females.

The relationship between straight carapace length and head width is shown in Figure 43 and.
once 18ain there Is 2 relative change in wature females. In the growing female there it a posi-
tive refationshup; the head prows in proportion to \he carapace. Once matunly has besn
reached the head becomes relatively smaller in relation to the straighl carapsce length,

The reloionship between head width and carapace length in mature fomales is varfable.
Figure 44 shows this relationship in n sample of 50 females fram Tongaland, The vanahility is
elearly shown by the width of the 955 confidence limits. There i5 a tendoncy for larger females
10 have larger heads but the Correlation s ol good [Table 34),

Figure 43 showed that males upparently have larger heads in relation to the carapace lenpth
thin [emales, Figure 45 shows the relationship between the skill l=ngth and width in 9 males
and 7 females from Natal and the regresiions would suggest that males have relatively wider
skulls thas [emales.

There 13 also the possibility that [ully adalt males muy cocasionally exhibit an etaggerated
skull growth apparently out of normal proportion Lo the carapace leagth, In Madapascar two
skulls were collectesl on separnie altars below ench of which was & logeechead carapuce. The
fishermen owning the altars were closely questioned and buth were emphatic (that each head
and ¢arapace werc from the same speciinen and ithat both had been maies. Tt iz perhape worth
mentioning here hat the Vezo fishermen on the south-west coast of Madagasiair are highly
skilled fishermen and extremely knowledgeable with ropard to sea turtles and hence uniikely
to make & mistake as regards sex identification.

Ak lieie s an element of doubt caneerniog these two specimens the measuremenis taken
thereol have not been included in any of the graphs or tables in this seetion. However, it g
felv that they should be mentioned because of the extrupolations found {n some published
works which sugeest, on the basis of skull width (hat loggerheads have attained masses of
over 3500kg {of Care, 1952 385: Pritchard, 1967: 197).

The straight line carapace length of onc Malagasy specimen wes 87.2cm and the dried head
width was 20,4 (skull wadth: 19.7cm); the second had & curapace length of 88.7em and o dried
head width of 217 (skull widih: 20.8cm). 1f the kead of the second gpecimen had been found
without the carapace and fitled te the line presented in Figure 45 4 carapace length of almost
100cm would have been recorded, an error of some |1 3om, and & mass (sce Fig, 30) of 120kg.

Such enlarged heads nre nol restricted to Lthe males, Figure 44 shows one fomile with a eurved
cwrnpace lengih of 100.0cm (straight 52.1) with a head width of 27 dem, well outside of the con-
fidence limits, It Is also the largest head width recorded i Tongaland,

The ahove s included merely Lo add support 10 Carr's (fbid.) suggestion that such extiupo-
lution: of mass from partial material, particulaly (he skull, is not jostified.

I ¥Mgens=ion

Curr {1932: 393} in his discussion on the range of the Indo-Pacific loggerhead Carefta corefta
giyar Deraniyapala 1933 sugpssted thut peopraphic inlergradation wilk the Atlantic C.o.
caretfa may oeour wiong the coast of South Africa where the logperheads of the Atkntic and
Indian Ocan meet, Further, that varation within the two stocks also brings sbout an over-
lapping of the distinguishing characters although & majority of specimens arc recognizable
as belonging to one mee or the other;

From data presented in thig section akove it would appear thal the lopgerhead from the stody
region 15 Nitle different from the Atlantic stock either in lepidosis or in osteological data.

2%



Dieruniyngala {1953 1) sepnrated the Atluntio and Inde-Pacific stocke on the basis of marginal
shields, peural bones and temperament. Disrepnrding lemperament immediately a3 being of
subjective value only, and thus unjustified 2z 3 taxonomic character, it can be seen thal the
South-east Afrcan loggerhead 15 i no way differcnt to the Atlantic stocks as regards the shield
patterns. Both have 5 prirs of costals nnd, most commanly 1L pairs of marginals, Further, it
wollld uppear that Deranivagala (op. ¢ir.: 16 and Figure 13: 17) canlused the issae by counting
supracaudal scales as marginals. [n his figure both Ioggerheady illustrated hnve 5 pairs of
costals and 12 puirs of marginals which would place them i Lhe same calefory as loggerheads
from the present study region.

Brongersma (1961 12) reached a similar conclusion and provides furtber evidence that the
sepuraiion of egreda and piroy cunnot be ustified on the grounds of marginal scalation,

With this conclusion it is of interest to compare the South-east African stucks with the
Pacific stoeks, Dr. Nishimura of the Seto Marioe Biological Laboratory, kindly supplicd 16
loggerhead hatchlings from the Jepanese breeding grounds and, altho ugh it would appear that
these were hatchlings collected out of nests and not emerged, there were no dilferences in sca-
lation Lo justily eeparation: 75%; had 5 pairs of costals, 44%7 had |12 pairs of marginals; wd
17.5"% had 11 pairs of marginals, the remainder of the sumple had mixed patterns. Further, in
his paper on loggerheads in Japan {Mishimura, 1967: 22, Tabie 1) he gives the scalation of T8
Inggerhemds and o the marginal counts he includes the supracavdals, Deducting the supri-
caudals from his Rgures one finds tht only 397 lave 12 pairs of shields such ag in the Atlantic
and South-cast African stocks: 68%7 have 11 pairs of marginals and 19%; have 10 pairg, the
remminder are mixed. [ncidentally, the apparent differcnce between Mishimura’s numbers of
marginals (p. 25) and those nbove resulls from the discounting of specimens with mixed and
supernumery marginals,

If Nishimura’s data are representative of the Japansse sinck there appears to be
grounds for separmting the north Pacific steck fram that of the [nde-Atlantic, but a more sub
stantial sample of data from a higher number of clutches is desirable before such a step could
be taken, WNishimura's sample consists of hatchlings from 7 olutches pnz of which had only
two nnifs

Other scals counts are sither consistent in every population so farstudied, oo infra-margi-
nals {3 pairs), post-oculars (nocmally 3 pairs) or so yariabie us to be ol no value; such a3 the
hesd yenlos (Broogersma 1961 Fig. 3: 17; Nishimora ap. cit., Fig 3 ),

Thus the only remaining characters an which separation might be justified i3 the number of
neural bones and the number of cases of interruption by costals. Brongersma (1961 16) states
that very few Atlantic specumens have been studicd with regard 1w neural patterns and appem s
extremely doubtfil of the valve of these neural counts

Decamyagala (1933: 09, footnote |) gives hig source of information o regards the uninter-
rupted nature of {he neural bones in Atlantic loggerheads ag Dr. C. de Sola but there are nei
ther figures, tables nor raw data to suppart ths statement. This dlone would cast doubt on
Deaniyagala's separation of the two stocks.

From Table 27 and Figure 27 il would appear that the somewhat more substantal sample
from the study region raises even more doubts regarding the value of thes chardctes.

Sourh-enst African materid shows a range of neural bones (rom 5 to 13 which shouid,
aceording 1o Deraniyagala (1953: 13), refer these logees heads Lo the “gigas” stocks. However,
Rronpersma (1961 16) gives two peural counts from Atlantic logperheads stranded in the
Netherlunds and prosumably of Morth American origin (Brongersma, tbid.). The neural codnts
vary from 9 to 11, plocing them within “gigas™ range but in their umnterrupted pattern they
full in “corerta” cange,

Further, Brangersma [1961: 20, fignre Sc) shows one set of neural boves from Noordwik
which is interrupted by costal bones, In this example onc cin count aither 12 neural bones with:
aurber 2 divided, or 13, either count should refor this specimen to “pigas’ stock.

Material from the study repion shows quite clearly that this charncter is varinble and if &
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suhstantl series of carapaces were to be investigated in the North Atlantic it would probably
be found to be equally as vasiable. Brongersma’s thres specimens cerlainly display varahility
and it seems highly unlikely that these animals were from Indo-Pacific stock,

In canchion it would appear that this charucter is highly varinble, the aninterrupted nature
ol the paltern is extremely limited; (6.5%, in ihe study region) and the exact extent of this
character in the Atlantic stucks has still to be demonstrated. Thus it would appes that unil
more substantial mrmples are investigated this character must be tegarded a3 invalid and the
trinomal V'gigas™ discarded.

It might be argued, of course, thut the presense af some intereppted neourals s the matznal
from South-gast Alrica is indicative of “mixed” stock, but there remains the open guestion
a& to where Deraniyngals’s material originated. Loggeiheads da not nest in Ceylon (Decani-
yagala, 1930; 182), West Pakistan (Minton, 1966: 61) or Malaysia (Balasingam, 1969: 67).
Derinivagala's (ibid)) sugzestion Lhe! they pest on the Maldives is not accepiable on the duta
he presents. However, Smith (1931 65) quotes Maxwell (1917) us stating that up to ! million
loggerhend egps were taken anauvally from the Irrawaddy division of Burma so i AP pedrs
likely that the Sinhalese specimens cmme Irom Burma. Ceylon is well within the migratory riange
of the loggerhead turtle {see Hughes, in press (8)). Tt is unfortunate that no other details of the
Burmese population are availabie which might show demonstrable differences between it and
the South-east African stocks, and in turn with those of the Atlantic. There is, therefore, no
evidencs to suggest overlapping of stocks from the nurthern and southern Incdian Ocean and
urless there was substantial immigration the occasional stray animal would soon be absorhed
und its characters lost in those of the Toca) population.

The term “gigas" is also misleading because altheugh Deranivagala stated (1933: £2) thar
the loggerhead “appears to grow to gigantic proportions in the tropics more than elsewhere™
hig data does pot justify this claim and few of the logeerheads dealt with in this present study
match the generally larger loggerherds found in the wettern Atlantic.

This leads to the question ag to why the western Atlantic logperheady should be larger than
the South-cast African stocks. Brongersma (1972: 147) accepts the minimum leagth of
loggerhead females at nesting matunty to be around 75.0cm based on data from Tongaland
(Hugles ef al, 1967, Fig. 6), although even for Tongaland this i 2n extreme case. The smaliest
inggerhead found negting In the United Stales had o straight carapace length of 79.0cm (Cald-
well, et al, 1959: 303} so there 18 very little difference between (he minimal miaturaiion size of
these two populations of loggerhends.

As with the green turile females jn Costa Rica (Carr and Goodman, 1970: 783) logeerhead
femnies in Tongaland show almost neglgrble growth after renching nesting maturity, i.e, after
having started their nesting liletimes. Carr (1371 : 32) after 15 years of sccumulating data has
suggesied that Costa Rican green turtle females giow approximately 2.34mm per year. Hlow-
ever 1t 15 not known whether a female nests immediately she attaing sexual maty rity ar whether
there is a variable delay between atlaimng sexnal maturity and actually starting to ley epps,

If 122 could be related to ags then the differences in size between the Atlantic lopgerheads
and those from Tongaiand might be as a tesull of the Atlnoric papulation being made up of
older animals. It is difficult to subscribe to this view because (L apptars that the loggerhend
and the green turtle in Costa Bien (Carr and Goodman, ihid.) reaches matunity af widely differ
g E1AAE, § ot

The difference in hatehling size is almost negligible (Tuble 29, the growth rate after yeachmmy
maturity b severly linited, therefore the differences mnst arise during the juvenile and sub-
adult stapes,

Two possible explanations are suggested

(i) 1t may take a longer time for the Atlantic logeerheads to complete heirm igralory drift-
ing amtl return {o the natal beaches (of course it has not beeu proven that they doreturn to
the natal beaches, but there is av evidence as yet to suppest the contrary), if this s the case



then their pre-nesting growth would continue over & longer time and prodoce a larger
ferale.

[u} Fﬂ!ﬂii:lg oppuriunities may be better in the North Atlantic and epvironmental conda-
trons may be more favourable in the Adanuc than [n the Azulbas gyral and this would
enhance pre-nesting growth.

These two factors may be combined and thus encoirrape prowth (o larger sizes. FExamining
these sugpestions more clogely jt seems that many Atlantic logeerheads are fonnd uf seq well
away from the natal beaches, Brongeesma (1972: 150) has provided an impressive series of
data suggesting that many Western Atlantc turtles are carried 1o BEurope, the Azpres and
Mudena. Around Madeira they occur in substaniiol numbers and » thousand or more are cap-
tured and sloughtered each year (Brongersma, 1968: 131), Brongersma gives the carapace
lengths of 5§ specimens varying from 34, 5cm to 58,%¢m which would make them between 3 and
4 years old even with rapid growth rate.

If, as Brongersma (1972 157} soggests that it takes ar lenst one and two years to meach
Eurepe, and one assumes that this is in the Gulf stream, moving between | and 4 knots, then
it might be assumed that they would take al least another three years to return to the Americas.
The dislances involved arc as follows:

American pesting grounds (o Eorope: 6 000k o -2 years
Europe via Azores to Amorjca: 10 400km 1 3-5 years (T)
Total distance: 16 400km in 47 vears( 1

However, Carr (19572 57) in hus illustration of drift-bottle recoveries in the north Atlantic,
shovws that o drifting object can take about a year to reach the Florida regron {rom the eastern
side of the Atlantic so the time taken for turtles 1o make this trip may be less than suggested
above, [Towever, sea turtles at 3 or 4 vears of age are probabily a0t drifting under the full con-
trol of the currents and are more than capable of directing thesr movements. It is thus suggested
that on reaching an area of abundant food the turtles may remain there, by choice, for varying
periods,

Thus although the Atlantic stocks may pass through waters with temperatures as low as 15°C
they could sperd rome {ime, up t& {wo or rhree years, in rhe Sargasso Sea where pleustonic
fauna and other food organizma abound in temperatures between 247 and 28°C,

By contrast the Tongaland loggecheads, il they travel around the Agulhas gyral, have only
sume B (0kin ta truvel which woold briog them back to the vicmity of the mainland of Africa
at & younger age. Extreme temperatures in the centre of the Agulhas gyml vary between
27°C and [B*C so Tongaland loggerheads would be subjected to lower temperatures over longer
periods and thus, theoretically, should bave a lower rate of growth than the Atlantic stocks.
Further, the Agulhas gyral is probably nol as tichly eadowe:] with food organisms as a5 the
Sargasso Sea. A final point is the fact that the majority of the loggerheads found off the rcla-
tively cool east and south coasts of South Africa are immature and therr growth rales to
muturity in such an environment should be relatively slow. Mo daln are available on the
Atlantic stocks to compare with results from the study ares.

It should be pointed out that evidence for these hypotheses is mainly negative but there arc
some positve dats. Tongalend loggerheads ace ywept southwards by the Agulhas Corrent
(sce Hughes, in press (6) and noffivenilefioggerhentds Rirve b - vollected- ol Soith Albri,
Mozambigque or Ma.d.&gasc" In the Atlantic, juvenile turtles have been Found in Europe, the
Azores and Madeira but not on the mainland of America; il they are not near the mainland
of origin then they must be in the open sea us evidence sugpesis thiai they are. Carr (1952: 387)
quotes Gatesby (1730-1749) as writing: "They range lhe Occan over, an instance of which
(amongst many that T have known) happened the 20th April, 1725, in the latitude of 30 Degrees
Morth, when our boat was hoisted ou Landa l.m}ggtrﬁﬁlﬂ Turtls streck g 1L wag s]::ping an the
gurface of the water; this by our reckoning appeared to be midway batwesn the Azores and the
Bahama [slands, cither of which Places being the nearest Land that it could come from . . ™
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Curr (fbid ) sites Murphy (1914 4) who repoierd that he sew numerous loggerheads 640 to
800km off Uruguay between latitude 32754°S and 37°5, where the mesn son surface lempera-
tuzes range belween 15°C in Auguat to 20°C in February. Murphy claimed that some of these
logperheads were Tully a metre in Jeagth which would moke them adalt animals,

Accepling the pessinility of the open ocean wanderings there is no doubl that the size of
the north Atlantic necessitiates longgr periods In the open ocean in mors ideal conditions for
the loggerhead than are [ound in the sonth-western Indian Ozean. This iz probably the reasan
for the larger sizes exhibited by the nosth Amencan lozgerhead.

The occational small female encountered in the American rookeriss ein be explained, cither
a8 being a female whose small size is genetically controlled or one which has spent & very short
perind in the Sargasse Sea area or ong which may have missed the arta, remaining m the
wencrnl circulatton and brought dircetly back 1o the mainland,

Once the Tongalund female has nesied, her growth rate i« dmegtically reduced, and evén in
aptunum conditions such as may ke found in the Mozambique channel and off the East Coasl
oF Africa where most matuee fenules are (o be found, she can never attain the same dimensions
a8 that of her Amesican copnterpurts,

The olive ridley turtle

Genus Ledipochelys Fitginger 1842,
Specics: Lepldochuelvs alivacen (Eschacholtz) 1829.

1943 Lepidochelys wiivarv ofivasea (Bschscholtz), Deranivagala, 81; 1953 Deraniyagaly, 14
1957 Loveridge and Williams, 435,

1938 Lepidochelys olfvacea (Eschicholtz), Deramiyagala, 123, 1952 Carr, 407 ; 1966 Minton, 61
1967 Unrr, 227} 1967 Pritcharcd, 204; 1971 Frazier, 403; 1971a Hughes, 56; 15723 Hughes,
128.

Common names

The olive ridley sea turtle (Bnghsh); olyfllewrige ridley seeskilpad (Afrikanns): rartieenen (Por-
guese); xicore (Chimani); owld, ouzo, asa (Makua); tsipioke, tyinke (Snkalava); triararg (Antan-
droy), fsiashara (novthern Sakalava); mondrop (Tankarang).

Deseription

Snout relatively short, not compressed! beuk scarce] v or slightly hooked, net tncusmid in speci-
mens from the study region, edge of jaws smoath; prefrontais in two pairs, anterior pair greatly
entarged ju-one hatchling from Warner Beach, Nainl: froninl azygous, longer than broad in
3 young specimens ! somelimes broader thin long in hatehlings (Loveridge and Walliuns, ap
¢l - 496): frontopanetn] large, broader than long, semi-divided, fused 1o rarieials in one speci-
men, paiete!s trangverse in young specimens, elongaie in agult specimen from Mozambigue
(Hughes, 1972a: Fig. 3 130) (Plate 8) postoculars 3/3, cecasionally 4 {Loveridge and Wilkams,
ibid }; supratemporals semi-divided, farge; 2 claws on cach limb clealy distinmnshable at
carapace |engil 28 Sem; il shert in harchlings and juveniles, longer in adolt males,
Corapnes ovate, ¢an be as beozd as, or broader than, leng in adult speciment;
haichlings have 3 interiupled sirong keels, the vertchral keel being the most proneunced and
this persists until at lenst o corapace length of 28, 6cm, lateral keels have disuppearcd by then;
nuchal regon truneate; marging shightly serrate in juvenile specimen in Durban Agquarium
(Plate 91: dorsal shiclds elightly imbricale in hatchlings from Warner Beach, Natal, but sre
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gotn justaposed and romant $o, nuchal nprumlly 1, but cocusionnlly 2, broader than long, in
contacl wilh first costal; verfebraies 6-8; costals 6-8 per side; often not paired: marginals
nlmost invariably tn [2 pairs, occasionally 12/13 or 13/12; supracaudals always 2.

Plastron anteriocly rovoded; 2 distinet keels persisting until carapace lepgth of &t least 28.5
cm; occasionally present mn adulis but very wesk ; plasirnl shields juxtaposed ; intergular either
pressnt or nheent sven within a single hatching; infra-marginals 4 per side, occasionally 3 per
side, all with pores in Six specimens cxamined; interanal either preseat or absent.

Table 35 summarizes the lepidosia of olive ridley materal pathered durcing the prezent sarvey
aud it falls within the ange of olive ridley materiz] from other Jocalities {off Carr, 1952: 404;
Deramyagala, 193%: 129; Schulz, 1968: Plates 1-3: etc.).

Colour

In 5 hatchlings from Warner Beach, Natal, the general coloration was olivacious black:
plastral keels, lowsr jaw and cutting edges of upper jaw with white patches; throat grey; trail
ing edges of fore-Thppers with while Mecks.

By (he time {he carepace length has raached |0cm the general colouring lightens; plastron,
lower jaw, most of upper jaw, throat, sides of néck, undecparts of flippers, and uader surface
of tai] all while; edge of carapace white; upper skin surfaces pale grey; scales on head pale
grey outlined in white; carapace dark grey with centres of shields paler grey (Plate 5,

Mature snimals have plain olive grey carapacss; top of head grey hrown with shields out-
lined in yellow while:; upper surface of skin aml Oippery dack grey; plustron coesmy vellow;
skin underpares dirty white; sides of head creamy yellow with centres of shickds prey; lower
jaw yellow-brown; upper jaw yellowish along lower edgs, grey-boeown tear nesiells; leading
edge of Mipper light. yellow-hrowa,

Size and mass
Only 5 ridley harchlings from one clutch were examined in the study region. Carapace length
varied beiween 42.9 and 44.6mm; carapace width 34. ] to 37 7mm ; head width 1 5.6 to 16 3mm;
masz 16.8 to 22.3g,

No juvenile material has been found in the study area and only ooe noticeably sub-adult
specimen. Taken off Durban ot messwred 49 7em by 47 dor (straight line earapace measure-
ments).

No nesting femeles were encountered and the data below were collected mainly from vitlage
riidldens and ship's calches in Madapnscr and Ml‘_l’..".llll'.ll'lil‘l_liﬂ. T most cases (he matenal 2
unsexed and ulthough assumed to be adult this is not certnin as most specimens were observed
in South-west Madagesear where the ridley is not known to nest.

Largest nidley carapace measured was 73.0cm over the curve (stratght: 68.2¢m) ; curved cara-
pite= widihs rench 73. 5cm (straight: £3.7): the maximum head widfh recorded was 3.3cm; and
the maximum mass 40kg (s male measuring 66.4 x 63.2cm, straight),

Table 36 summarizes the measurements of all the ndley matenal gathersd during the present
survey. The range of sizss s illustrated in Figute 46 and compared (6 alhe localities the gencral
ize 15 very small, ranging from 49.0 to T0em struigh! carapace length, Peitchard (19600: 113)
gives the range of mature nesting females in Surinam as 62.0 - 73,7cm, and that of the Pucific
Honduras popalation as 58.5 to 750cm (Pritchard, ibidl). The largest ridley recorded does
uppear to come from the Indian Ocean, however, as Derandyngaly (1939 162) claimed » femals
of 79.0cm carapace length. The only substantial sample of clearly sub-odult material appeurs
to have been recorded from near Japan (Nishimura, Shivad, Tatsuk and Sugihara, 1972: 420),
und the range of this sample was 210 to 62.0cm.

Details in Table 36 show that the material [rom southern Madagascar is smaller than thal
from nocthern Mozambique. Although the sample from the latter are 15 regreitably small,
a ponparison betwesn the two showed a significant dillerence (p =05} between Lhe carapace
lengths,

33



A further noteworthy point is that in mature femaies [rom Surinam, in every case the caru-
pace 18 longer than wide (Pritchard, 196%a: 112113 whereas (he sample fram Madaprsear &
oul of 21 show a carnpace width us brond or broadee than the carapace length. One of the nor-
thern Mozambigue gpecimens shows this feature.

It is possible that thiz feaiurs i5 indicative of immature animals as has been seen in somes
loggerheads (seo sub-sectron 3 above)

There 1, however, no sugpeestion of this in the dats presented by Nishimura of ol {op. cit)
nor in those data presented by Cadenat (1549: 19; 1957: 1373) and Deraniyagala (1939. 162)
Az all the samples presented, including thal of the pressat study, wie small, [urther comment
miust be delerred until lerper samples ore available,

Sexuml dimworphism and sex raitos

No data were gathered dunag the present survey which would indicate either unusual sexusl
dimorphism or sex ratios,

Only two whole specimens were encountered ; one u sub-aduit, and the other 2 male having
i il 24.3cm o Jeugth, All measurements of this wrtle are included in Table 16.

Distribution and popalations
Figure 47 shows the distribution of the olive aidley twitle in ihe study ares. Areas of refative
abundance wme northern Mommbigue and West and North-west Medagascar, In southern
Mezambique and Sovth Africa they are regarded 25 rare, They have not been recorded fromy
any cceanic islands in the srea. Fraziec (1971 403) disputes Deraniyagaka’s (1939 163) cliims
that the alive ndley occurk in the Seychelles and adds thal it does not ocour in Aldabr,
Figure 6 shows (heir estimated contribution to the total sea wrile populition of the study
region, but no other comment can be made on the real size of the populations. There is littl=
doubt Lhit.' i tﬂmpiriﬂnn with the othar recorded pu]'mhllmmg cuch gs are found o the
Pacilic Central Ameriens (see Pritehurd 1969b: Table 11:17; Richard and Hughes, 1972: 3013,
the South-cast African populations are insignificant. The possible reasons fon the linited siz=
will be discussed later in this section

Beach preference and nesting areas

Noevidence was collected during the puresent study to indicaie that i here were any mass cmer=-
gences of ridley turtles, Reputed nesting sreas are indicated in Figure 47 and the south latitude
extreme appears to be 15°5 which coincides with the 28°C mean summer ikotherm,

The nesting record of an olive ridley from Warner Beach, SBouth Aftick (30°5) is regarded
a5 a stray fernnle and is nolewgrihy only becavse of the high latituds, the equal of which has
nol been hitherlo recorded.

As the nesting distribution of the clive nidley turtle comades with that of the preen and
hawksbill turlles st appeirs thul their bench preferences pre similar but they appear to be more
restrictedd in (heir distribution than cither of the above (see Discussion, below).

Rigmedricey
With the limited material collected during the present survey theee are few relationships thal
can be preseated here. Figure 48 shows the relationsmp between sreaizht carapace length and.
sirmghi carapace width, The formula for converting curved carapace lepgth into siraight cara-
pace leagth is:
¥y o= 8B6x <4 3.29(r= 4 98: 0 —=001)

Table 37 containg detasls of 11 olive ridley skulls {unsexed} from the study area with their:
relationships. Although there 15 some variation evident, skull length and wideh are positively
related. Unlike the green turtle the olive ridley shows a positive correlation between the orbit:
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height and the shull length. There is 4 similar coreelation although not 16 prongunced bétween

Lhe jaw gpread and skull length but the jaw width and nostiil width appear variable bearing
no relalionship 1o the skull l=ngth

Ihiseussion

From (o limated dats presented in this section the olive ridley population i the study region
is no different to other populations except in the incidences of broad carapaccs and the appar-
ent modest size.

It was hooght tha of & companson was mude betwesn physical environmental parameters
typieal of the regions known to harbour olive ridley populations and those of the study region,
the modest sixe of the local populations might be explained.

Table 3§ summarzes panuneters such as the salimly of coastal waters, range of sea surfpoe
igmperstuces, minfall, presence of mangroves along coast, presence and relative ahundance of
neritic faunz and the organic coatent of the coastal waters ineach urea known Lo contain olive
redley turtles.

The most stonking feature of the table 15 the low salinty i aress having an abundance of
olive ridlevs. The reason for the low salinines being shown by the rainfall figures for adjacent
landmasses. The exceptional areas in the table s regards salinities are Tanzaoia, Northern
Mommbigue, West Aftica (Senegai) and Northarn Australu.

in the Tanzonis-Northern Mozombigue area there are numerous Inrge rivers discharpig
inte the st and this should peovide local pockets of low salinity, 4t least during the summer
months  More (favoucable conditions are found off Morth-west Madagascar where higher
rainfll resules in salinitiez of 34%/ gp OVET A0 EXTENSIVE BIEN during the summer months Thig
is the only locality in the study region in which such salinities are found (Wyrtkd, 1971).

Although the samplss collected during the present survey weire small thece iz no doubt thar
the olive ridley s far more numerous in Morth and West Madogascar than in nocthorn Mozam-
bique, This was evident both in the numbers of specinuens observed; 10 (including damayed
muaterial) in Mozambique a8 aganst about 70 (incloding damaged matcrial) in Medagastar,
and in the opimon of local fiskermen from the two cegions. Many Mozambique Hshermen
denicd knowledge of the ridley whereas on the West coast of Madagascar ull knew the lurlle
well.

Oaly himited quantitative data have been presented on the olive ridley populations of West
Africa (Codenat, 1949 17; Vilbhers, 1957, 1962: 50) and Northern Austrahin (Cogger and Lind-
ner, 1969 153; Bustard, 1572: 201) but in both arcas salinitics are higher than thive appi-
reatly favoured by the clive ridley, and this mght explain the small size of thesc populations.

Availubility of food must also control the distribution of the olive nidley and would appear
to-be a plausible reason for the presence of these lurtles in the Mpzambigue Chiannel. ‘The
waters of northern Mozambique from Deira northwards are extremely rich in prawns, shrimps
and coabs s are the walers of North-western Madagascar, The male olive ridley noted in Table
36 above was mken in a prawn traw! in 6 Tathoms (12 matres) wimd e specimen (o Nossi
B¢ was taken in an expecimeatal prawn trawl at 110 metres (Dr. A Crognier, Director,
ARET.OM., okl Bé, pers. comm.) which would seem 2 cemarkable depth for any sea turtle
axcept that Nishimurn, ez al. {op, cif.; 124) huve also reporled ndley captuces i boltom trawls
at depths of 50, 99 and 34m,

The abundance of neritic fauna which would attract the olive ridicy, 15 also linked to the
presence of mangrove stands from where originates the detritus-rich bottom muds gnd sands
on which the prawns fesd {see Hughes, in press )

[t seems likely that during the pluvial periods of the Pleistocene when conditions were much
warmer than at present {e.g. a mean annual world temperature of 23°C as agaiast 14.4°C roday
(Cownn, 1961}, and pmr.‘i.pilahun higher, areas of suitable environment for the olive ridiey
would have been more extensive. However, with the conling of world clymates, and the resul-
tanit shrinkage of suitable habivar, the clive ridley populations nre likely to have dwindled and:
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the smaller known populations such us that of Tenzania — Mozambique, and to & lesser extent
ol North-west Madagascar, are possibly relict populations surviving only in what mighl be
regarded as marginal aréas when considering the physical environmental requirsments of the
Spécies.

The leatherback turtle

Family Dermochelvidac Wieland 1902,
Genus Dermockelvs Blainville 1812,

Species: Dermochelys coriacea (Linnaeus) 1766,
1930 Sphargiy corigcea Petit, 100; 1950 Decary, 94,
1952 Dermochelys coriacea schiegalii (Garman). Carr, 452; 1967 Pritchard, 206.

1885 Hermochelys corigeea Boulenger, 10; 1910 Vaillant and Grandidier, 26; 1937 Hewitt, 16;
1939 Deraniyagala, 38; 1950 Rose, 456; 1953 Deranivagala, 10; 1964 Bass und MeAlli-
ster, 287 1965 McAllister, Bass and van Schoor, 13; 1966 Minton, 59 1947 Hughes,
Bass and Mentis, 7; 1968 rao, 3, 1969 Day, 237, 1971a Hughes, 57; 1971k Pritchard, /.

Common names

Leatherback (wetle, leathery turtle, Juth (English); feerrup secskilpad (Afrikaans), rariarugr
fl"nﬂugucﬁ:}_; rordue iuth {French); frwndy ( Thonga), inkaea (Makun); forsie caiman {Creole);
valozore (Yezo, Maketaly), roato {Sakaiavn),

Desenplion

sSnout semewhat elongate in hatchlings, exaggerated by the presence of an eggtooth; heak
deeply notched in middls, bicuspid; edge of jaw denticulate; prefrontuls broken vp into 6
shields, frontoparietal large; all other shields broken up; ull skin surfaces, including flippers,
covered with fine sonles somewhat laxger on the leading edges of fippers; limbs clawless; tail
projects Smun beyend tip of carapace and has & charp dorsal nidge.

Carapace narrower than long, heart shaped desply indented snteriorly, posteriorly pro-
looged inte o caudal pmnt; 7 clearly defined ndges made up raised polygonal plates; neural
ridge consists of 26 1o 30 plates; right costal ndge of 27-36 plates; nuchal identation, between
lgt right and st lef costal ridges, betwesn ¥ and 17 plates; chin senles bordering lower jaw
Leiween 11 and 19 Table 39 and Fipoure 49 shows Lhe frequency of scale counts in 4 sample of
leatherback hutchlings from Tongaland. Plate 10 shows a typical hatehling from Tongaland.

Plasiron similar, being made up of numerous polygonal plates miseid 0 5 ridges the median
consisting of 4 double row from one thind of its length from the front; interior of plastron
slightly pomnided, posicrier sharply pointed.

Adults lack defined scales, skin on carapace stretched over the ridges which are shurply
defined (Plate 11}, carapacs always longer than brosd; caudal point pronounced although

ocrisionally broken.

Colour

Leatherback hatchiings when dry, have a paie grey carapace, black whea wet, with longitudinal
ridges white, some pale grey, ridget [Grming extizme edpes af carapace nlways white; upper
surfaces of head mainly black, some headshields with white or prey; upper jaw almost crtirely
while, black sunterjorly and along cutting edae: Tower faw white; upper surface of neck black
with 5 rows of lighter shields (grey to white}, throat and chin white; upper surfuces of fiippers
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blick, bordered in white, white fliecks on shoulders: undersurfaces of Rlippers black vowards
extremities, paler grey nearer body; plastron basically black or dark-grey, § ridges broadly
white, some while scales nntﬁ:’iﬂ:]y i et hier side of inedian rivi]g.l:I upper adpe of il ndee whiite
{ Plate 1100).

Only onc Juvenile leatherback having been seen, and that was very dead, the tollowing colour
description is presented with some trepidation; upper surfaces black flacked with pale blue or
grey spole; plastron almost entively while with continuoné black smudges forming crudety
defired hines; vndersurfoces of flippers mixed black and whits in almost equal proportions,
mors whits than black near bedy, This description is similar to that of Decaniyagala (1939: 94).

Adulis always basically bluck in the study region | carapuce intense shiny hlaok spotted and
fecked, either heavily or sparsely, with pale grey or blue; head basically black, spotied, flacked
or blotehed in pale grey or blue; with red to pink blaze on top of head (gives the impression of
being scar (issue), upper sutfaces of kin appears Lighter G lone than sarapuce bul this is
possibly an illusion ceeoted by the matt surfuce of the skin, which 15 simlarly spotted and
flecked with pale grey or blue, Undersurfeces, ingluding plastron & variegated mixture of pink
white and biack, appears highly variable; tail black (Plate 11}

Slze and mass

In Torgaland leatherback hatchlings have carapace lengths ranging between 54.8 and 63.4mm,
carapace widths between 36.3 and 43 Snun, head widihs between 16.9 and 18.5mm and a mass
of between 275 andd 41.8g (Table 40

Table 41 compares the carapace leagth of Tongaland leatherback barchlings with thoze from
other areas (sowrces quoted). With the exceplion of the Surinam population all other arcas
appear to have Intger hatehlings, bal the samples ne small. Further comment on the relntive
size of the Tongaland leatherback hatchliog must be deferred until more substantial samples:
are avallable for comparison.

Only one juvenile lent herback has becn recorded i the sludy regmon Detulls were sn p[liin.l II],r
Mr. R. Rau, South African Museum, Cape Town, end are included in Table 40. Brangersma
(1972; 108 and Table 6) discusses the size and mass of a large series of strandings In European
consis and the smaliest leatherback resorded (here was in the region of 91.5cm tote! length,
roughly the same size oz the juvenile inken off Cape Town. Thus the specimen iz of value in that
leatherbacks in thix size category arc only rarcly encountered. The only known growth data on
leatherbacks were reporied by Doraniyvagala (1939 94, Table V). At 624 days (I yeit 8.6
months) the corapace ol o captive specimen measured £3 3cm so the Cape Town specimen should.
be.at least 3 years old,

Adult fermale leatherbacks in Tongaland range between 133.5 and 177.5¢m in sugved cargpace
length. Figure 50 shows the size distribubion {curved carmpace leaglh) in 7 seasons w Tongzland
and that of the combined sample. The anly comparative groups of data Are those of Pritchard
(£97 Ib: 10) from French Guiana, and Bacon (1969: 27, Table 4) from Trinidad, There arc no.
uhvious differences belween Uie two samples nor between them and the Tongaland data. Some
consideration was given o excluding & mackedly small formle, reconded dormig the 197172
scason o Tongaland (Fig. 50), on the grounds that the recording may kave been a misprint but
Bicon (il ) has recorded an even smaller female from Trinidad so the data have bean accepted.

Insuffcient datn were collected on which (o base n mass-lenglh relationstnp but some remm ks
on mass from material from the study region are considered to be of value.

Table 40 surmarizes the details collecred From stranded specimens and the female Irom Laai-
plek renmins a5 one of the heaviest leatherbucks on recornd al 636ke This famale had recently
completed a ncsting scason for her ovarics were heavily scarred, conlamed o lew ova mamly
blackish in coleur, suggesting that they were being resorbed, and some small yokeless shelled
egps were fouid m the dvrducl

The female rom Mtunzini was klled on the beach befone she could lay her epgs and exomina-
tion showed that she contained 902 ripe ova, remarkably homogenous in size, being approxi-
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mutely 35.00mm in diameter. In the oviducl were 113 shelled epps, ranging from 32.3mm 1o
25.5mm in diameter, inaddition there were 31 yolkless eres of varying sizes, Thus she contained
ziotulof 1 0¥5 epes and ova which weighed approvimately 28.9%kg The stomach was emply,

The lemals fogan Durban was ¢aught in the anti-shark mels and was weighed precemenl al the
Durban Aquarivm. The mass of the sepurale parts were as [ollows:

Muasy (RgY S of letal

Fore-lippers fromcarpals . . . . 8.64 5.6
Hind-fippers from tarsals . | 164 24
Head . . : 5.9 3.8
Meck . , 9.55 6.2
Foreguarters. ., . . . . . . 30.00 193
Hindquarters : : : 16.36 10.5
Plasiron . T 14,54 .4
Carapuce . . . o 2318 14.9
5T R R WL L P 2.7% |8
A T s 6,559 43
Lungs and fat : i N 1635 10.5
atomach and iotestines . ., 13.64 b
Miscellaneous 2 4.00 2.6

155.25 [ G )

As with nearly all other specimens examined the stomach and intestine contained nothing
bt a pink fluid,

The Rumspate specimun had 1ts duodenu! tract complerely Blled by a sheet of heavy plastic
measuring 3 meires by 4 metres when spread out, The sheet was so tishtly packed that con-
siderable force was required to open it initially, and it must have had a serious efirer on the
pasiage of food from the stormsch Whether a complete blockage had been affccted was difficult
o agcerimin because there was pink Auid jn the lower gut,

Pritchard (J971b: 11-12) reviews most of the recorded mass data from stranded leatherbick s
and it is sulficient 10 stale that none ar: markedly different from those recorded in 1he study
legion.

Sexual dirmorphisa aml sex ralins

Mo dita on zither of the above were collected during the prégent study, Pritchard (19715 13k
comments that there are no obvious differeaves in adult size between the sexes. Dersniyagala.
(1939. 98} atates that males display n concave nasal prodfile, domed skull, comparatively de-
prevsed body and slongate tail,

Distribution and popuiationg

Figure 5| shows the distribulion and apparent relative abumlunces of the leatherback in the
study region. Ag this ls a more pelagic apecies than the others it is difficult 1o 2scertain their
exset dhistnbution bui they would oppezr to be more commeon in the temperale witers,

[t must be pointed out that their apparent scarcity in the sub-Lropics may be a result of their
avaiding the coral reel arcas (sea beach prefeiences, below) where most fighermen are active.
In south-wesl Madugascar the fishermen know the leatherback well but in the north of the
ternitory fishermen disclaimed oll knowledge of it

Two specimeny have been stranded on Mauritius (Vaughi, 1940; Desjardin, 1837) and they
are regarded as extremely vare in the ares.

Leathe backs wre commonty con ght off the Cape of Gocd Hepe by trawlers and are occasion-
ally brought back to port. Deiaily of some leatherbacks caught in Cape waters are in-
cluded in Tahle 40
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Mo estimation of the size of the population is pestible. In the Tongaland protected area 169
different lemales have been fgped over the past len seasons bul mnsuthicent data have besn
forthcoming 1o allow any extrapolation of these figures fo try and nssess the total size of the
nesting population. Due 1o their wider nesting disteibution the tagging ¢ffort on leatherbacks
i mot as {nteasive as foc the logee: heads. Table 42 shows the sstimated annual nesting popu-
Intions of lepdherbacks during thie past e sensona in Tongaland. The method af eshimating
leatherback populations is the same as that used for logeerheads (3ee snbsecticn 1, above; and
Huoghes, 1970: 1[-13),

There is little doubl thal (o companmon with the leatherbatk populations in FFronch Guiana
(estimated populabion |5 000) and Trenggunu, Mualayn (4 000) {Pritchard, 1971h: 38), the Ton-
galand population 15 modasl in size,

However, Pritchard {ifd ) based the method of estimating the above figures 0n rather spatss
data [rom Tonsalind viz, that some leatherbacks nesl after mtervals of 2 (o 2 years. As
thers have been shifts in absences and, further, that recovery rates in Toogaland have proved
to be unpredictable and ervatic it is felt that it is completely unjustified o use these limited
dita lor general overndl mitioies.

Beach preferemsce and nesting areas

Figure 51 shows the digtribution of leatherback negting sites in the study region. Other Than
the silica sand beaches of Tongaland and southern Mozambigque no tracss of other nesting
braches linve been louml. The Inliludenal distribution of the nesting cegion [& the same a8 that
described for the logrerhead © from 23°5 1o 28°8. An occusional nesting has been recorded soath
of 28°5; in March, 1970 a leatherback nested on the beach at Beachwood, Durban (30°5).

It s pertinegnl {0 nole that the recent discovery of a leatherback eclany in Angola js of
interesi becupse the upparent southern limit of nestng, 10 the Quicama National Park, coin-
cides with the 25°C summer isotherm in the South-East Adlantic [ am indebred to Messes.
Brau Huntley and Dawvid Wearne, Angolan Veteninary Degariment, for the informauon on
digtribulion (vez also Ancn, 1971 24-25),

The reasons as to why Ieatherbacks in the study area should utilize anly the Tongaland and
adjacent beaches are difficult to assess. As they share the beaches with the loggerhend one might
nssiame that their requirements are similar, However, one finds leatherbacks nesting where
loggerheads are reparded as rare visitors; for exnmple; Trengganu, Malaya; Ceylon, Costa
Rica and Trnidad. .

Pritchard (1971h: 17) describes the various beaches used by leatherbacks and the one fea-
ture commaon to all appesies W be o steeply shelving slope which would suggest thal there is a
relutively unobstructed approach to the beach. Any major shsiructions would break the
incaming waves causing them to lose energy and thus their ability 1o build steep siopes on the
beichss; & more gentle slope of heach would result. Gentle slopes are more & fanture of the
Tongaland beaches than steep slopes which ara hiphly loclized. The most extensive stretch
of steep sloping beach is the 5.0km long. decp water approach section immedintely south af
Black Hock (see Fig 51}

MoAllister, e af. (1965: 18) staled thait while loggerheads favoured sand with 2 fice textore,
leatherbacks preferred beaches with conrse sund. Hughes, #¢ al, {1967: 13) ponted out that
these observed correlativus were probably incidental, As was shown in Figure 38 {in logger-
heads, above) sand puriicle size, in the upper levels of the beach where the turtles lay, is fairly
homogenous with no striking differences as were ohserved Detween fand samples in green
turtle areds. Occasiomal and obvious differgnoes are found anly in the wash 2one snd littoral
sin

Ap: with the other species it 15 thought that sand pasticle size is not important in the sclec-
Lion of a nezl site by leatherbacks but rather is it related (o the physical nature of the scabed
immedately affshare.

Figure 52 15 u schemalic presentation of the nature of the sffshore seabed in Tongaland (see
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alsa Fig. 36) coupled with the legtherback nesung disiribution duriog the |9T1-7T2 season, the
best Jeatherbiack year ever recorded in Tongelsnd. A quantitalive asseszment i as follows:

" p
Oibstruction free aIpproaches {;mniﬂ::m ) Il:é ;;-g} 8119
Scattersd rocks . £ i ol 1] 5.4
Contmuous rocks IS . . ¥ 28 6.5
Accessible only at high tide L aafll W 5 M - 13 4.0
Total successll nesting ¢mergences 5 [&C B 371 100.0

Althangh a deep water approuch section is shown in Figure 52, and mentioned above, jts
full extent it only S.6km (3.5 miles) and despite the fact that it has {he olesrest approaches ove
the longest eontinuous distaoce, the nesting density i not markedly higher than those beaches
with slullow unobetrucied approaches, It iz felt, therefore, that deep waler approachcs are
oot necessarily preferred to those with shallow water, the preference being shown only i Ui
both are ohstroction free. BL1%L of lestherback nestings took place on these beach | ypes

It 15 thus concluded that for Tangaland leatherbacks, beach selection is based cnu MInimm
iemperature Lmit of 25°C, a5 with the loggerhead, and the avalability of beaches having
approaches that can be safely ncgotiated by such a turpe anunnl whose collision with rocks
could result 1n serious body damaype.

Hendrickson and Balnsingam (1966) underlook s detailed study of sandl parnicle sizes in
gresn amd lestherback wurtle nesting sites in castern Malaya und conchided, on finding that
leatherbuck beaches had coarser sand, that the 'fesl™ of tha hench was importani in the fing
selection of a beach by a nesting turtle (p- 73}. Huving quastioned this conclusion several times
in the present thesis, and disagreed will iy 11 should be pointed oul that these authors alen
supgested {p. 76) that inter-gpecific compstition might bring nhoui some spatial separalion
between the two nesting populations,

In Tongaland, the small numbers of featherbacks nesting greatly reduces the Incidence of
inter-specific desiruction of egps and alihough there are elear mdicutions of separation bel ween
Lhe loggerhead and leathesback nesting sites (compare Figs. 36 ind 52) there is a prest deal of
overlap. 1 the numbers of turtles in the past had been greater, then (he siluglion miy have
been somewlal different with a very clenr separation af the nesting groups. Should the leatler
back population increase a separation mey yel devalop.

It seems unlikely that the relatively small logeerhead would intimidae & leatherback and
that, in digging it= nest to 5 depth of 46cm, it woulkl destroy leathetbuck sggs Inid at 3 depth
of T3em  Digeing leatherbacks, however, would certainly intimidate logperhesds and destroy
logperhead nests,

It iy suggested, then, that the mumbecs of leatherbncks vtilizing & beach would determine the
spatial disteibution of ull smaller species, including the green turtle, if the negting seasons co-
incrde. Therefore, il seems ressonuble to assume (hat the ves of the Trengganu beachss by o
heavy density of leatherhacks precludes the use of that beuch by the green turtle or any ather
species, The statemen: by Hendrickson and Bulnsingam (ap. ¢it.. 1) that green turtles nest
both nurth and south of the beaches used hy leatherbacks can be token &3 cvidence that the
gresm turtle probably would nest there but for the presence of the leatherback.

Biometrics
Despile the presence of o nesting assemblage in Tongalind the amount of daly rha could ke
tested for reletionships i3 reprettably small,

In halchiing leatherbacks the relutionship between carajpuce lenpth and width i5 weak and
insignificant (p .9, Fig. 33), 05 is the relationship betwesn carapice length and head widih
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(p ==Y, Fig 34}, The carapace length-mass relationship is somewhat more positive (Hughes,
i9716: 21, Fig. 8).

In adult females laying 1n Tongaland the carapace lenpth-width relationship still displays
viriitieny but somewhnt less 50 than {n hatchlings {(Fig. 335) whalst the cacapace leogth and
heod width are more positively related (r — 463, p <=.03).

Pritchard (1969a: 123) and Brongersma (1972 107) liave commenled on the confusion arising
from one set ol duta heing presented s “over-the-curve™ measurements and others as straight
ling, Both methods are applied in Tongaland and the formulae for converting curved fos
tiraight-line measurements are as follows:

Carapace length  y = 08 | Z301 {p < 001)
Campace width y=0.682x + 7.4% (p —=.02)

Insufficient skull data were collected for analysis but details of 3 skulls are inchuled e
Table 43.

Dhscussion

Pritchard (1%716: 7) agrees with a suggestion by Smith and Taylar (1950, in Pritchard, ibid.)
that the taxonomic sepacation of the leatherback into Atlantic and Indo-Pacific stocks was
oated solely on peographical convenience and hid no basis in fact

In considering the datu presenied in (his zub-section, there is gencral agreement with the
smtements of these authors; in almost every respect the Tongaland leatherbacks appear the
game as those descnbed from other areas, As leatherbacks are fuile 4::1:m1:|tm|}' tiaken in the
waters arowmd the Cape from both the Atlaptic and the Indian Ocean, and that it has been
aderunlely demonstrated that leatherbacks are found 1o latitudes far more extreme than the
Cape (¢f Brongersma, 1972: 103); {leatherbacks can do this ae a rexult of being able (o maintsin
their internal body lemperntures well nhove that of the surrounding sea (Frair, Ackman and
Mrasavsky, 1572: 791}, there is no demonstrable temperature barrier Around the Cape and
1here is probably free interchange hetween the two ocean stocks.

There are, however, few camplele deserplions of animals from each colony and some charac
lers mny yet appear showing 8 weak differennation between populations. Carr and Ogren {op.
cft.: 27) made the first serious attempt to presént some quantitative scale counts on batchlings.
Compared with their ¢cale counts; the Tongalond leal herback nulohhngs hove fewesr soales on
the right costal ridge but the range of counts is wide, the sample sizes small (Carr and Ggren's
counts were based on samples from 2 clutches) and this one feature cannot be accepred as
grounds for separaiion. Muore extensive samples from more areds are reguired.

Clearly the modes] gsize of the Tonenland |leatherback population requires comment, Most
leatherback colonies are well within the tropics and nesting is seasonal in all arces cxcept those
such az Cevlon, which hag consistently high sea temperatures {277 - 28%C), and where nesting
emar gences have oeen noted im nearly svery month of the yenr (Deraniyagala, 1939: 63-64).
Meshing ureus in temperate waters such @3 Tongalund, and perhaps Flerida, have modest
populations and the nesting distribulion does oot exceed the polewan] extreme of the 23°C
gummer sca isotherm

In egg production and fertility the Tongaland lestherbackt differs feom other populations in
that elutch sizes are larger and fectility apparently higher {s¢¢ Hughes, in press (b) and Prit-
chard, op. air., 23, 24-25). The numbers of clutches faid by each female seems consisient
throughoul therr tange

[ Tongaland the killing of leatherback females on the beach has always been rare and the
ama-Thonga Africans are even today friphtened of the turtle, although the same cannot be
sind o Mn?.ﬂqnlviq ue where hi[ling 15 wilesprend, Slrmluri:f, i Tongaland with Lhe numerous,
und casy (¢ locate, loggerhead ness the hunting pressure on leatherback eggs was probably
negligible, Therelore the modest population cannot be atrributed to poor fertility, semal cluich
gize or hunbing pressure; nether on the nesting turtle nor iis epgs. Sub-aduli learherbacks have
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been cavght in the cold waters of \he Cape and Lurope (Brongorsma, bl and adolts e
knowa to travel long distances. Thus in the sub-adull and adult phases the loatherbuck hos
ample food over vast arers of ocean, The markedly similar size of females in widely separate
nesting populations would suggest 1hat all populations have sumlar feeding opportumiies
in the pre-nesting phase where growih 5 most promounced. Thus, of no abvious rensons are
dvailihle im the adult aml dub-sdolt stages, noe i the egg production and feeility, to cuplain
the dilferentes in population size, A possible reason may be found when considermg the move-
roents of the halchlings

Many workers have Loed 10 rear Jesilierback ||nLl‘.|!Iingﬂ andl (here hog been o spectacular
Inck of suceess. Deraniyagalo (op. efr.: 93) succeeded, in the mid-thirties, in kesping one alive
for 662 days but ne further success was aclueved until very recently when Heodiksun { gy,
cwnen. ) reported thal jn Hawae, leatherbacks hinve now been reared 1o 8 miss cxcecdimg 10kz
Hendrickson recommended that the tempersture of the water in tanks should not vary from
26, 7°C (80°F). As such a steady-state sitvation seldom exists in nature one can assume that the
eritlcal tempesatude should be around ihat higure He Dirther stated that il (he turiles were
kept in canlor waler the gul packs with undigested food und the animal dies, This would sugeese
that the leatherback hatchling is incapable of raising its body temperature (as adults do) in
order Lo maintain efflicient body metabolism, Thus i is sugpestied that the ambient sea temperi-
tere plieys un mportant part m the survival of hatchiing leatherbacky,

[ he tollowing points arc perfinent:

The Arulhas Currend ntbieing 115 highest velocily doring (ke lnie summer months when hatch-
lings arc cotering the sca (scc Section 1, above). The direcnion of current flow is important be-
cause it could carry hatchlings to arsas of optimum, margnal or hostile conditiong

Some otherback hatelilings from Tongalmd (und Mozambique?) gre carricd southwards
by the Agulhas Current (sec Hughes, in press (b)) and ircan be assumed that the distribution of
hatchlings from other nesting grounds 15 also influenced by ocean currents.

Thus, reviewing briefly the corment directions ofT leatherback nesting beaches around the rimes
ol hawchling emergence one finds:

{a) Trengganu — August currenl flow (s northwards into the Gulfl of Thailand where
there is a gyral winch pergists for several months: The sex tempera

lure ranges heiween 28° and 31°C (lchive, [966° 340 LaFond,
1966 833},

{6} French Guanz  — August current 1§ northwards flowing wowards the Carribean; sen
températures between 26 and 28°C (Plutchak, |966; 310)

(e} E'I:j'h‘.ln Currents [low awdy [rom the islaml in cither monsoon season wnd
irrespeciive of direcoon hachlings would be carried into water of
temperature between 27° - 28%C (LaFond, 19666 111}

{d} Flovida (1) — August current northwards as the Gulf Streams! cold inshore waler
narih of nesting areas with temperaiure differences of 10°C. North
Atlantic pyral water varics from 20"C in the norlh W 28°C in the
south (Defint, 1961 Platez 3a and 3b)

ley (i} Mozambigue — March o Apnl current southwards, some water turned back mio
gyral in Mozambique Channel where temperaiures vary between

27°C and JBUC,
(i) Tongaland  -— March to April current southwards towards waters as low us 20°C,
localized upwelhng along soath conxt brings temperatures down (o

F°C (oo Seetion 1, above), Aoulhis gyrnl centeal walers vary be-
tween 19° and 27°C.
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From the nbave it can be clenry sean (hat ia aveas of concentristed leathecback nestingaetivity
the occan currenis carry hadehlings inlo wilers betwesn 260C and 3140 wlich 3 the range within
which lleadrickzon’s temperarure recommendation is contained

Tongaland leatherback hatchlings, in contrast, are carried inte waters which haye tempera-
tures well helow the higure supulated by Hendrickson, and it 18 bikely thit their survival chanoes
are reduced. Undoebtedly some would be foriomais nnd be recirculaled nto the Mozambigus
Channel gyral perhaps by moving norchwards in the inshore coumer-current, whibst others mmy
survive in Lhe warmer northern half of the Agulhas gymal, but it i5 kely that numerous leather-
backs perish in the old waters around the southorm up of Afica.

This hypothesis although based on rather flimsy evidence provides @ plavsible reason (ot the
modest s17e of the leatherback nesting population in Tongaland.

It eoruld be supgested also, that the larger clutch sizes And greater fertility is a response to the
presaure on the popualichion brought alsut by the lngh martality of latchlings in celd waters.
Females laying larger clutches of eggs would be selocicd for, as hawhlings emergmng frow susall
clinnches would have fewer chances of survival. [t also raises some questions, viz how lang dots
it take for a lentherback hm:‘.hling b react the slage where il Can BxeiCiBe SOMC control ever 113
internal temperatures and is this extra heat generated by movemeni ¥

Friat, ef al. (op, vit.; 793) considers that heat is generated by muscular petivity and the be-
haviour of captive leatherback hatclilings might comroborate this, it s a characteristic of hatch--
lings kept in tanks to swim almost incessanily against the walls often cnusing considerable abras
sive damage to the head and fore-flippers. Once 4 hawchling stops swimming during the day
and hangs its flippers, its demise is imminent, IF the heat if generated by musculas activity it is
possible that the larger the aunnal the more efficient the mechanism and this would make the
leatherback most vainerable to cold water 1n its youngesi stage af life.

Thus there would be tremendous selective value In leatherbacks nesting on beaches where
ulishore currente carry hatehlings o paris of the sea where temperature steess would be minimal.

It is concluded that the Tongaland nesting beaches Tnve modest popalations because of the
Agulias current carrying hatchinglings to waters that are not ideal for, or even hostile ta, their
survival,

It may be added ithat Ayl coports from Angola suggect Lhat Lhe leatheshack nesting population:
is large, up to severa! hundred animals per s=ason, and if ihis proves (o be true, ther presence
may provide additional evidence 1o support the suggestions made above, because the oflshpre
surrent fow is northwards and weould iy hatchlings into equatorial watcrs having surface
iemperatures of between 76 and 28%C
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Laanllty

Europs ishand
Teamalin sland
Dyrban

Emmrope halnnd
Elurapa [sland
Eurépa lgland
Euroga Island
Europa Island
Fumpa Isfand
Europi [sland
Europa I$lana
Eurcpa faland
turopa lsiano
Eurgpe lslmnp
Eurapa taiand
Europa tsiand
Europa lsiand
Europa islang
Europs lsland
Europg lainnd
Eurapu s lend
Curopa lsland
Eurgps laland
Eurcipa lalang
Suropa istand
Trourss|in bsiand
brrrmlin fakamnd
Priramra igland
Primeira igland
Primeira laland
Nalnl Coast
Metol Goasl

"

Concens Colours
tration Basa colour  Streaks Spuils Densiiy®
Elack Olvo-green Elash [rsnas
— Glve-gresn diack [lensa
— Ollve-groan Black Blank sy
Brown Med-hrown Browns Drow: Madumm
Red-brmwn _ Browns Medium
— Clbvi - Blachk Loerse
- Dath Qlive Blnnk Madipm
— Dark begwn — Bl. & Br, Denas
Brown  Darkbrown  Growns — iHnED
Dilkve.grey - Bl 4B Machym
B Grey-brown Browns = Meadiam
=— Uil gieen Black Sparse
— Fale: brown — Efook [lanas
Brown Pale-brown  Browne — Madhim
— Pale-bmwn  Browns Brown Ml nerm
Bruwh Pale-hrown  Brownsy Brown Meadirm
—_ Browi - Brown Censs
— Olive brown Brown MNens=
Brawn Olivesbrown  Occasional  Brown Spargs
- Qlive:brown  Dark brown Denan
Bimek Ollve-grean — Eilsck Medlim
Bk Olive-green  — Bilack Dange
Hlack Olbve-grasn — Blkck fed tum
Black Clivia gron Bleck Medium
— Qe — Blinck Sparse
Brawn Qlive-green  Browns Maedlym
- Palebrown  — Bl & Er, [ramss
Rrown Mive-hrowry,  Browns - Madlum
Black Diivogreen Binchk Black Sparse
Hrown Clllve-greor Brovwn Sparse
— Diark Drowre Brown Medlium
- Dark biown  Brown = Medium

Toble 3, Detaily of adull green (urtle caramace coloration

of pigmentution iv categoriood un Dha 6650, M=307,, Sparse less thair 30%.

Frarpit vardews localbies in the sthidy reglon *Densinge

.

Withoul Cone. (%

With Cone. (8)
i) Elrrope - ne- 343 350 B5.0
{0} Tromelin A3t 1340 Bia

Tubled, Incidence of plgment conennirs long on 1he cxtnpanes of preen Turtie females on Euiop and

Tromwlin lalonds.
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Locality ClL
Luroga tsland A%.AH
Tromalin sland ALGE
Aldabira end Astove. 5007
Yeman AB.00
Asoansion i
{zowta Rica 870
Haron Islang 54,00
Surinam 53.50
Cnylon .
Galapagos lslands 45,29

Rango My N,
458 —61.4 50 W
L2 —mi Al 17

- 164 4
44.0— 45,4 o0 1
A0 ESQ 100 7
480 - BB 100 7
510 —570 4 7
51.0—580 T 1
il —54.0 T 4
#.0—485 ! 7

48H  Ovorall 44.0—57.0

Ringe:

Source

Frazior, 1671 38

FAD, 1068; 16
Carrand |irth, 1662: 24
Carrand Hirth, 1902: 24
Mot boiias, 1933; 18
Pritchard, 1068 : 55
Deranivagais, 1839 229

Prilchord, 19Ma) &

Tibic 6. Sirnight carnpecs length meestressenty (mm) for il btk lines - ;
(N = Mg, of tustied, M =No, of clutohes). e giehlimgs froom varfnues losslities
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Loathor
Locality Green turle  Hawhksbill  Ridiay Logyurhead  back
n % n 3 noN R % n

South Abrica (mafnly Matal G2 508 7124 P B0 473 2 T
Muzamibiigue 2 547 11 -pOA ] B ‘5 g 2 5]
Madagascar (watlragibn) 204 HAIR) .1 !EIJT Eod 137 i 495 = —

Species composition sveral| 47.4 135 0.2 M5 25

Table 10, “The specwes composition: of littoral ss turte papoinifons in vhe stody region:
® 43 of these were found in one villags s percantaye somribution should be s
t Cafliunly an onderestimation 25 many hawksbill shells are sold whole and ihog god (raceabile.

gm also Flughes, 1975.)
Hia hlmlr an wndesestimation a8 & eesult &f whale fwreniles being taken direstly to markst

Approg. No. of

Boach langth femalespernight Counts
1 Lagoon 1 1k B0 o8 68
2 Lagoan 2 tem S0 40, 58
3 Raafand legoan®  PSkm 3501 460D, 10, 340
4 Heach (minor) 5 10 12,8,
5 Statlan SO0 (Pi] Soe Tablo 12
a Seach (minor) 25m 3 [3] 10,8
7 Boach (minor) 5m & 125
B South IXm 15 HO, 64. 72
%18 Minor beachas £5m as 1Gfor2
17 Tropic hird 200m (diMecult B Jurtnad frm phis

= LAl L)
18-20 Minar beachas Firn each 15 Juddged from plis
M Ternor"Radbury' S00m(roughsea) 35 Eltracks
Hugrs neder ol [ 0
Gl

.}.6.685m Tolal TG

Tabie 11, Estmuied number of femgle greon (urtles amarging per might on the varioug Beackes of Eurwu_
lslanad during November-December, 1970
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Diata Mo, lemales Crale No. temalas

Mav, G 45 Nov. 19 31

T ) ) 52
8 30 £1 =4
f 33 22 75
14 &2 4 =A
b | b4 2 dn
T2 50 a5 36
|3 a2 20 i
|4 51 27 64
15 14 2 32
i a7 bt 74
17 T2 30 63
4H 55

% 852 par night

Toble 12,  MNumber nf Asgiing femabs gress tundes handled on the 100m Station Beath on Earops Tolamd § Mo-
serrrber, 1970, Thess recorids are of Temnales actually fucoiked bot fhece weie dbwiys more femmbes present (than
recorded. With ouly one warker mvolved il proved imposible to handle cvecy amnml and work teroeghout,
ihe night. Over 36 nights 331 different ferales were recorded on the Station Heah alooe.

n #%
Successiul emeargences 424 a4 2%
Unsuccessful emerpances 45 43 96
Daubdul emergences 4 1178

60 09.06

e

Tabie 13, Suecessiul and unsuccessfil nesting emerptneet on H00m Siation feach, Eurana (plind | 6 November
= b Liecamber, 14N,
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Intarval in days Frequuency

20
19
ia
19
16
(3]
|4
)
17
11
10

‘ e T

Mean: 1384 days

Table 14. Hn:nrhd wntes-nesting intecvals for green turthe fomales on Buropa lskind. 3th Novesnbor -
T0th December, 19,

Range

Europa igharnd 4 000 2000

Tromelln lsland Ml — 40

51 Brandor o — B
Frimairas Bli— 2
& 450 — 0 200

Vable 13 Estimated annual negling populstions oF green lurtles 8 vadiows localithes in W sludy region,

el e <

4, e
1. Belwenrn bog of fmnsaot and base of randael
Eurcpa {a)fEurcpaial . . o s P
Tromedin South (&)1 Tromelin 5|:r1.|1!‘| s‘l;:] ie o e PR 1
Tremelin North (@) Trometin Nordh {2} . . . p= M%7
Casuaring South (a}/Casvariea South{e) . . p=<iH*® !
Casuaring Wesl {a)/Casuaring West{z) . . . p=00]""" 1|
2 Batwosny baachas
Europs (a)fTromalinSouthi® . . . . . + p=1"® 1
Eyropa (a)/TromalinMorth (&) . . . . . . p=0O1*** 1
Furopa (a)/Casuarion Soulh {a) e e e o pec OOt |
Europa (a)/Casuating Wil (a) . Pl 1 7 Rt
Fromalin South (a) Tramalin Modh ta) . . . p=001%%* 1
Casuurmg South [a)/Casuarma West (a] . o panOTH® 1

Tahle 16, Obsmrved diferences betwess amnd sample ;Imnirh gize compositian from the sinnds of Furopa
{eoral sunds), Tromelin (corat snds) and Casuuring (Privaairas; mixed silica/corul gami}),

bl
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Curved Carg-

Sp. No. Gaito No. Eggs Valume [ec) Mass {g) peca length
E41b 17 Oclobar 1811 &1 bk A4 D8 A
Bazs 2 Qctober 1871 170 &551 8 2l 1140
B2 21 Cictober 1871 17 4 103 4 B85 1145
G427 25 0ctober 1871 121 ST 594 Wik
B43s 7 October 1671 73 sEe Bags 1160
8420 28 Cclober 1871 158 1051 T a0 1080
3433 U8 October 1811 120 b &R BORT 110.0
g4 N October 1001 & 4 250 4 401 1030
Bda? 4 November 1971 T Bz & 53 118.0
Sa4n 2 Novernber 1871 118 5710 S0 0e0

Fable 20, Vealume :ar.:,!- and Mass (p) ar m:n turile alutghes from Tiomelin Island.
Clorpetation cocfciont Car L. va -r.-llllur. + A p> .1 Bl
Corcelation cocfMigieot Car, L. ve Mass @ .9 p> .1 8dl.

Shisld | R n Freq. Ja
Post-oculars i 4 1z 0
Mughia 1 43 100
Vartehrepls g 27 a7
i | 3
Sugre ool P b i 1]
Marginals Ph| 11 Ph 3
1 | g &
12 11 ] 3
1% 12 4 e
Crostals d 4 23 100
Infra-marginals Ll i g uE
3 3 1 Ll
rleranat Frezefi| A &7
Absanl 2 s |
[Mer-gular Presant 3 87
Amsert 2 a3

Table?f.  Lepidoms of haswkaball turtles from various localithes in the swdy regian,
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Shuil Slkull Nastril il
Locality lenalh width witith heslg ht
ety Mad. 1840 11,68 00 a9y
Mergndava, Mad. 1160 10,20 208 A58
laly, Mad. 1860 4 148 S8
Brimeites, Maz 1825 1014 207 383
Durban, 5.4 12,60 44 1.55 A0
Duipban, SA 11.80 667 1.59 ]
Durban, 5.4 8.70 LR 2B0

Jaw

widih al
aymphysis ariculars

daw gpraad
Cebwren

EXE
-1
320
355
245
240

193

238
4.2
At
213
370
3.25

278

Table 24, Mewuremeints {incm) of wwakshil! e tkalls from ciriows localities in the study tegros.

Scale Pattern n % Freq. Scala Fattarn " % Frug.
Muchal 1 ;S X fharginal 2L 1ER 3 820
2 12 EAD 111 ViR T b
1L 12R 1] 1015
Verlatimals B 55 Lyl TEL 11R (- g0
£ ] g [0.0n 130 131k b 1.0
1L 12R 1 20
Supra-cogdnia g 8 100
Poslooulars 3L 3R 82 840
st BEL EBR a7 T4.0 4L 3R A 1€,
HL &R 5 1w R 1 4 RO
6L BR 3 Lk 4L 4R 4 LA
5L B8R z a0 2L 3R 1 20
4. 4R 2 40 3 ™R 1 20
& TR i i oL 4H | ' F|
Tahin 28 Lepidusis of g anmple of 20 loggorhead haichlings from Tongaland, Natal.
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Bana n Frag. U Traq.
MLl 1 1] 108,00
Meursts g 8 2600
0 I &8.70
1] a 20
12 1 1500
14 1 250
Supra-pygals I I 3.20
a 25 Ak3d
3 ) B.80
Pygel | 3 10000
Plerala 8L 8R 21 10000
Parigherals F2L 2R ‘At 100,00

Tuble I7. taiolowy of 3] loggerhead

Woallisers, w3, Riba

from the Matal coast (Momenclatore afier Loversige
enitec pecipherals numbseed 4, 5,6, 7, 8, %, 11 aud 13 G = 315 00 31 corupace tmyesti-

gatcd 2°(0.53) had imerrupted peurdls {¢f, Despplvagala, 1933; 1)

mnd

Colours n Freg. %
ja) Larapace
(1) Dark brovwn matiied or streaked with blachk 13 3.4
(i) Plalnred-brown . - i ;T
till) Red-brown streaked wilh binckor dark brown ) 00
I3} Fiasmn
i Yellow: . < & & A b ] Mo
'I:”} 'f-ﬂ-“ﬁ‘l'l'“ﬁli'lk L] ] ] ] " " L] ] v llr ?‘3-3
fiii) Dirty while ., s : 3 0.0
) Yallow-white 14 457
i) Uppar shin sufacos
[ Dark brawnfblachk . ca B Q0 1840
(g} Lowet shln surtaces
{i} Yellow. g 26
(i) White. j2 40.0
CHT) Yl lovame-swi 4t [0 33.3

s

.1

Table 28, Colour chorscterisics of M muiure Inggechead femaley Teom Toopeland | Ragal




Meanc.l.

Locality {mm)  Range Nw rtlas Hciulfh 2% Sourca
Balomin gl 44 0 &3, -48.0 10 7 (=prr, 1052 304
Florida, U.S.A; 458 40410 1 { Caldwell, Carrand Halliar,
1S
SauthCarellnn, LLS.A 450 AWOE0N 308 a2 Beldwin and LoMon, 1559249
Gaprya, L1SA 7 4R, 7520 5 7 Caldwril, 19621 8
Colombia 44,5 7 ; (] Kaufmann, 1967: 70
JApan 48R 40 0-55.0 &0 50 Hlshimdirm, 1957 29
Tonhgatand 44,7 ARI4HE 1000 12
{da. B3 1)"

Table 7. A companyon of lnggerhead hmichling length medsurements from virows localities. *Range of
pasosl mean s e 8 seasons i Tangslam,

&7



Tongalard famales Matal fomales

" Mean Range o n Mean Range &
Ciumviet el . . o} .1 BT.0-1028 A5 23 A7 T1.0-84.0 503
atrmaight a.l ¥ P h7.2 &1.7-95.0 .04 23 TH? GE.T-B7.1 A
Clrved cow. . W BES e a2.44 i S 4 MOHEES  A4%
atmaighi cow. . b B - 02.5-14.2 Z.HY 13 601-TD 589
Plastren). . . ¢ B 2 gern 280 w624 WEO-ME 494
FPlastron w 20 593 £3B.850 O 8 580 34708  3W9
Hoad | . 20 19.4 Frga0 1,00 18 180 16.2-21.5 1,563
Haad we . = (748 1600000 ke ¥ . [ 113788 1.33
Mass (kyg) Jr 088 8051298 1740 T MO B8R 12

MNatal males Madagaacar unsexed

i Muan  Hunpge a i Muean Range 'E'
Curved gl 14 6.7 T5.0-80.5 553 51 pa 6 fg.0.20.5 610
Stralpht ol i3 M5 15.2-5905 4.8 73 By BE 050 6.0
Gl e, 14 B1.0 16.0-28.0 3.7 L] g1 ET.0-20.0 5.0g
alraighil Cow. n a8 /77 T2A = Wiy 5 B & 13745 317
Plastron |, 12 e 55.8-A7.0 a.08
Flastron w, iz 58,7 B5.1-64.0 J.04
HEld l & L] 13 1ﬂl* 1:-:-U'm'-.ﬂ Trw
Head w. . . | 15.8 14.4-18.6 1.38
Mass (kg) 3 &80 ERO-T78.4

Mozrambique unsaxed Cépée Unsexed

in Mean Rangm e n Mrean HAange o
Curvedcl . 4 18 =m0 130 2  BoL 708D —
Simalght el 4 F4.B B4.5-95 7 183.6 ! 550 - ==
Curven] ol d EAE A3 9815 8.5 s no B0 TED —
Stralghi cw, 4 f88  A0E 763 85 i 647 oo
Flastron 1.
Flastron w. .
Haadl |
Hoad w
Mass (ky) 2 04 - =

Table30{a) Measurements of pelected parameters [inam) from logieechead matenal from various Josalilhes

in the study regicm

&8



1l Maan FRange E"

Carapace length fmm) B2 452 420984 Z55
Campacowidih inm), .58 363 #6318
Hoad width {mmj} O 144167 07T
Massfghb . . . BB 0 {76048 2.13

Table 30 16} Measurcments and mats of & sumple of laggerhand hatohlings From the 1970-7] wacum in Ton-
gatand, Nual (after Hughes, 197250,

Lacality f Mean length Rango Sourca
Japan n 41841 gl Mishimura, 1967, 20
Georgia, U.5.A. 114 wa To4.1150 Caldwsll, Carr and Qgreh, H55: 306
5. Caroling, U.5.A, 8 2.7 8441080  Haldwin ant Lofton, 1868 347
Celifornia, U.S.A. 1 ad.0* — Caldwell, 1963; b&d
Coinl | Fear i, LS 1 Biat — Snaw, 1947 85
Senegal 3 T e Nad] 104-108 Cadonal, 1545; 15
Tonpeland | 182 Afi4* T2E 08 R
(Be.3-27.%)

Tahle 1. A eompnrison of aduly logperhoad mmrapece lengths (in e} Ivgm varlous lacshimes.
® Srwight ling incasorocien.
(7 Methed of mcagurement unknown,

Lo
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Locality ol nesting
Japan 3N - 35°N
Bunma . 187N = 1T°N (7]
Australia i S —25°8
Modlterranzan Sea {I!a-h.r. Turhr:y*. lur:u:ul:l 3TN — 43N
West Africa : - 10" (—32"N (T)
[Jribine] Stalae . . N ="M
I{:Uh!l f‘l’lhlﬂ i i i Iﬂ'N"_ 1]'N
o.b Matiagagcar . o R |
South-Epst Africe . o3°5 — 2°8

Latiudenst [imita  Exlreme latitude
01 25°C |sotharm (Dggerhd. nesting

Temparalure

limits of

5N

3278

A3 N
N
a5'N

past 25°8

w3

05— 28°C
a5t — 210
¥ -I_wﬂt
L
g o
o — PR
o8 IRC
28t — 070
26— T1C

Table 33, Latitugenal and scd surfocn rempesmee limits of foggerhead nesting arsas.

(a}

=)

(&)

()

(o}

Hatehlings from Tongalond

Parametar

Str. ol fow

Str el fhomitw .
Sir. ol fmass

Juvanilas — unseced g Mata!

Str. el lourved &1
Sir_c.|./straight c.w
Str. el plastron |,
Al ) fplastron w.
St gl fhead I, ,
Str. cl fhead w.

Males from Naotal
Str. & | fouewmd ol

Sir el felaighl cow. .

Str. &l fplastron L,
Str. ¢l /plastron w.
Strocidfhead i,
Str. 21, Ihead w.,

Fermalag from Matal

Slroeljeurvad ol
SirLelfatr cwe
Str.eLjplastron ...
Str, c.l./plasiron w
Str.cifhend| .
Str. ol [hend w. .

Femalus figm Tongaland -

atr. a.lfeurved ¢l

atr. o lfsir. cow

Sir. ol jplasiron 1,
Str, o liiplnatron w.
Sl gl fliead oy .
Siv el fhead w,

BEE=2

o0 o oS 0h G0 Em

+ 55
o+
v i
(J+1.]
4- .80
+.05

4 55
i .28
+ Th
. )
& 0l
w4

Ve
+ B8
+.80
+ .83
| .37
A _;\ﬁ

== (0
= 01
= 0

== 2
]
=1
=1
=06
=5

== 001
=051
=05
== 1
=0

=0
= A1

=00
- X1

Table 38 Comelution cotMdonts () wnd siwiificance (o} batween selbcted parameless in loghachead turtles
from 1= sty dred.
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Shicld

Nuchal .

Voriohrals .

Supre-caudais

Costals

Marginalz .

Fﬂm-ﬂﬂmm "

Intiamoarginalz

¥

L

g |

Frag,

1]

2 [

[ 2]

7 a1

A B

2 5
oL &R 12
8l IR R
L BR =
. 7R 20
T BR by
BR L &
88 Bl 4
120 2R 4
18l 13/ 2
13L PR 1
T2L 13R !
a 3R B
4 aR G
a ap 1

©! Frag,

WH.2
1.8

148
46
108

100.0

o2p
8.3
18.7
o
37
a7
T4

a5
b
14
1.9

1000

Ay
14.3

12

Tatee 35, Lepidosin of olive ridlay matesial front ihe study reginn,
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A Waw Earaad

Nostril Chbil width a1 belwean
Lacallly Langth Width Width hélght  Symphveits articulars
Casuaring, Mozam, 1 12.1 .08 393 308 RaT
Merandava, Madagas. 163 118 248 3.65 348 hER
Morondave, Madagas. 1.9 2.6 .14 385 3.8 4
Morandava, Madages. 18.7 e 280 178 244 0.7
Marantava, Madasns. 5.2 1011 a4 J48 318 h2e
Momndava, Madagas: 153 118 Bag 300 350 E.0R
Morgndava, Matagas. 1140 114 - 3T7 357 525
Morpndava, Madagad 14.2 8.6 278 aan 306 LR
Moronoava, Medagas 1 83 1.80 322 a2 AT
Marsndaws, Madages. 5.6 1.7 250 203 .54 5.62
Umhlangs Rocks, Nt 165 114 2.56 3.70 J.40 h.es

—

Table 37 (a3, Details of 1) ongexed olive fdbey turtke ihulls collecien w the study.

n T n i)
Skull length/skull width . . . . > w R + .43 = 001Y"s @
Skull lengthfnostel widih . N = 5007 N.S. 4
Skl lengihforkil hesight . . I § = 5A =0e*** g
Skl lengthfow width al symphysis . i T -+ 43 M5 q
Skl lsnggthfjaw sproadl Bidwesan arlicuiars. i .70 = bl ]

Table 77 {6} Relutionships becween gkill kngrh and nzhei parameotces, ATl measusernents i cm.
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Nayral titge

Hi!nhl cuetinl titdge

Caunt Fray. %Frog.  Costa Rioa
26 2 1.5 14
&1 o 348 b
o0 i 2.4 B8
0 12 a1 35
0 | FAN 175
& 1% md 183
¥4 20 152 123
Az a0 152 18
L 12 81
B T 5 1.8
36 2 15 —

e ";D?J, 100.2
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Mumbar Mumber Total Eslimuted

Season new tags recovnries abgoryed. % pocovernd population
1962104 13 - 19 "
195465 11 — X = -
108880 aq, - 28 7.1 50
VT 3 2 B Pty B
108T}SE 18 18 - 18+
1668/64 14 b 1w 5.3 191
1065701 18 1< 8 3.7 T
1G0T 11 8 17 6.3 i
19t a4 3 ) 124 b
15727734 17 4 21 16.0 35

Table 4. Towl numbers of [emale leatherbeck tartles handled during 10 seazons i Tongiland, with the
eatirmated total nesting populttion for each heason

* MeAlfiter, o af. (1965 320, Almost cenainly an overestimalion.
{ Thess scasons cilrmations Lased on complete, thorigh monitonmg.

daw spread
Internal
Skull  Shull  Grbit Nostil Widith at  betwean
Locnlity Daln Sen  lanpth width ‘heighl widith symphysia  artlculars
Durban THIEIMT  duw. k] 17.6 bl .5 1.28 1"naa
Remagate Fizinli F P67 #aa B.12 E.08 183 13.43
Chaka's Rock 171730 - 210 M2 i 5.87 1.60 1527

Takled3d, Dotz of 3 lethartock skelks froen Matal (im e
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.I.-:E-' 48. The relatiunship between sraight carapaen lengih and width in alive ridiey material om e study
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Carapace length - s

Fiz. ﬂt;r 1Il'I'J;:! febittionship between romapmee length and widih la a sample of 38 leathey back baichling from
TUmygalngd,
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Fig. ¥, "The relaticnship butweess carapace langth and head width in 8 sample &F 28 lsitherback hetahiings
from Toneutand.
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fig. 55 Thareltionship hetwaen curvad cumpace fungih und curved curspace width in nsmple af 40 beaiher-
boek fernnlea leam Tomgakanl.
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Plite |, Curmpace of juverlle green tirtle shomam tondbeermate fudigin
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Plate ). Typiel groen tnrtle haichiing from the study reginm.
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Phale £, A palr af copulating green Luntles on Tromelin Tuland thowing 1he smilomibes in carnpece colouring
snd puitern belwesn niale ard Temsle,
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Clle 2. Heod of bDawxsbill urile dhbving el seales gheasly aiilinsd, by gelloswewaiig.
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luto &, The wrapece of & sub-sdoll lawksbitl from the stedy jegion thewing the durk phuse.
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Heod shickd pattern af alive rldkey Iromn aorthern Mozamidgus.
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Maee 3

Jipvenile clive ridkey from the Diurbaw Agodrium,



Plate 10. A lypical lentherback harehling from Tongaizmi.



Plate 81, A typrcal adubl fomald lcatherback from Tongsland .
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