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PREPARATION OF THIS SYNOPSIS

The present document which is the first FAO Species Synopsis on biological data of
oommeroially important marine turtles, hae been prepared following the annotated outline
for speoies synopsis of data on species and stocks (FAO Fisheries Synopsis No.1 Revision 1,
1965), modified by the author to meet the mpecial requirements of & synoptio review of
turtle species.

The main purpose of this synopsim is to bring together the current information on the
natural history of the green turtle, Chelonis mydas, and to draw attention to the major
gaps in our knowledge of the species. In a few sections some of the older, olassical
-papers are oited and summarized in order to make the synopsis more comprshensive,
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University of Utah Library and the Department of Biology financially aided the work through
the purchase of interlibrary loauns.
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1 IDENTITY

1.1 Nomenclature

1.11 Velid name

Chelonie mydas (Linnaeus) 1758

1.12 Objective synonymy

Tegtudo g Linnaeus, 1758, p. 197,
Syst. Nat. (Bd. 10) Stockholm. Type

locality, Ascension Island.

Chelonia mydas Brongniart, 1800, Bull. Sci.
Soo. Philom., 2:89

Some authors consider the generic
demignation by Brongniart a nomen nudum. Foz

example, Deraniyagala (1939) recognizes the
followings

Chelcnia mydag Latreille, 1802, Hist. Nat.
Rept. i, p. 22

1.2 Taxonomy

1.21 Affinities

- Suprageneric

Kingdom Animalia
Subkingdom Metazoa
Phylum Chordata
Subphylum Vertebrata
Superclass Tetrapoda
Clags Reptilia
Subclass Anapsida
Order Testudinata
Suborder Cryptodira
Superfamily Chelonioidea
Family Cheloniidae

- Generic

Chelonis Brongniart, Bull., Sci. Soc.
Philom. Vol. 2, 1800, p. 89. Genotype: Testudo
mydag Linnaeus.

The following generio identity is given by
Carr (1952): "One pair of prefrontal scales;
$omium of lower jaw coarsely toothed, that of
the upper jaw with strong ridges on its inner
surface; lateral laminae, 4." Longer descriptions
can be found in Deraniyagala (1939), Smith and
Teylor (1950) and Loveridge and Williams (1957).

- Specifio

Chelonia mydas is easily differentiated
from its oongener, the flatback turtle, Chelonia
depresga Garman, by its more highly arched
carapace, sloping marginals and large scales in
the middle of the fromt flippers (Fig. 1). In
contrast, C. depressa has & depressed carapace,

upward-curving merginals and small scales in the
middle of the front flippers. PMurther diffe-
rences between the two species are pointed out
by Williams, Orandison and Carr (1967), Bustard
(1969b), Bustard and Limpus (1969), and Cogger
and Lindner (1969).

1.22 Taxonomic status and definition
of mize categorien

The green turile is a morpho-spacies.
Becanse size categories of marine turtles are noi
standardized, the four categories used in this
report are defined as follows: hatchling = still
bearing conspicuous umbilical scari first few
weeks of post-hatching life; juvenile = umbilical
gcar inconspicuous or absent and carspace length
up o 40 om (40 cm is about one-half the
carapace length of a reproductively mature
individual); sub-adult = post-juvenile but not
yet reproductively mature (carampace length 40
to 80 cm): adult = reproductively mature;
carapace length greater than 80 cm (the minimal
pize at which females lay eggs im about 80 omj
for convenience it is assumed that males mature
at about the same time). Carapace lengthe are
gtraight-line distances. A "yearling" is a one-
year-0ld turtle.

1,23 BSubspecies

It i best to use the binomial, Chelonia
mydas, for all green turiles unitil a detalled
taxonomic study is made. However, several sub-
species have been described, and no doubt othér
races will be named in the future. In fact,
the mydas complex may be one circumglobal
"Ragsenkreis" but with significant gaps between
the eastern Pacific and western Atlantiow
Caribbean populations and between the Fast
African and West African populations. Sub-
speoific names have been baged largely on
coloration,; although Smith and Taylor {1950)
state that a common arrangement resiricis
mydas to the Atlantic and ggassizii to the
Pacific Ocean either as mpecies or subspecies.
At least some of the subspecific terminology
has been perpetuated in checklists and id e
books by Schmidt (1953), Conant et al. §§§5sg,
Conant (1958), Fukada §1965g, Stebbins (1966
and Keiser and Wilgon (1969}, among others.

The Atlantic green turtle, Chelonia mydag
mydas (Linnaeus) is found in the Atlantic Oocean,
Caribbean Sea, (ulf of Mewico end the Medi-
terranean Sea. It has a predominantly brownish
carapace, sometimes with olive or dark brown
blotches and streaks; and the dorsel surfaces
of the head, flippers and tail arse aleo
predominantly brownish. The spaces between
the scales on the top and sides of the head
are yellowish; the plastron is usually whitigh.
The ghell of the male is more elongate than that
of the female. A detailed descriptien of the
subspecies can be found in Carr (19%2).
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Compared to the Caribbesn population, adult
females in the Ascension Island population have a
more angular emargination of the shell over the
neck (Carr and Hirth, 1962).

The East Pacific green turtle, Chelonia mydas
agassizil Bocourt, is found along the Pacific
coasts of Central and South America. The carapace
is basically greenish or olive-brown but sometimes
strongly flecked with black, and generally more
highly arched and narrower than that of an
Atlantic green turtle. The carapace is sometimes
markedly indented above the hind flippers— this is
usuzlly lacking in individuals from the Atlantic
(Carr, 1952). Much earlier, Baur (1890) stated
"there is no doubt whatever that the Chelonia
from the Pacific is a different species from the
Atlantic; the gkulls are the same; but there are
great differences in the form of the carapace".

One of the most eamily recognizaeble forms in
the entire mydas complex is the Northeastern
Pacific green turtle; Chelonia mydas carrinegra
Caldwell. This subspecies is characterized by
black pigmantation on both dorsal and ventral
surfaces. The carapaoe is highly arched in large
females while it is low in large males. It occurs
in large numbers throughout the Gulf of California
and on the outer coast of Baja California.
Caldwell (1962a) believes that all references to
green turtles off California and northward along
the coast should be considered as indicating
carrinegra and he gives a detailed account of this
subspecies. However, the problem of distinguishing
this subspecies from black agagsizii along the
Mexican and Guatemalan coasts still remains to be
solved. If this cannot be done;, the proper name
for the black turtle will be Chelonia mydas
egassizii (Hirth and Carr, 1970).

According to local inhabitants, two fairly
well marked stocks of Chelonia (or a variably
coloured single population) ocour in the Galdpagos
ares (Carr, 1964). The turtle situation here
warrants immediate study.

Carr (1964) has noted some carrinegra
characteristics in some turtles in the Hawailian
Archipelago. The concurrent distribution of
carrinegra~like and mydas~like forms in the
Central Pacific may indicate a tendency toward
polymorphism within a single population (Hirth amd
Carr, 1970).

Chelonia mydas japonica (Thunberg) is the name
given to the Western Pacific greem turtle (seea Carr,
1942 for discussion), The type locality is Japan.
Wermuth and Mertens (1961) give the range as
Pacific and Indian Oceans. Okada (1938) lists
Jjaponica from Honsyu, Sikoku, Kyusyu, Bonin
Islends, Okinawa and Taiwan. The Hawaiian Iglands
probably represent the easternmost outpost of this
gubspecies (Oliver and Shaw, 1953). Honegger
§1967§ and Gaymer (1968), but not Hirth and Carr

1970), use this trinomial for the Seychelles
population. Other workers in the Indo--Pacific

region, notably Deraniyagala (1939), Suvatti

§1950§, Horriseon (1950-1969), and Hendrickson
1958) have also deferred from identifying the
subspecies.,

Taylor (1920) describes Chelonia mydas
jeponica from the Philippines as follows:
above rusty reddish brown; each shield streaked
with amber; head shieldsdistinctly reddish,
each edged with black; shields on sides of head
dark, with yellow along sutures; shields on legs
with black centregs plastron yellow. Taylor
(1970) briefly describes adult japonica from
Thailand as gresnish to greyish brown,; gome
individuals with dark rgys; and the plastron
yellow. He goeson to say that the young are
also olive to dark brown with some yellow
markings on the limbs; venter yellowish; and
dark areas on flippers.

There are probably meveral races scattered
throughout the Pacific Ocean and the Indian
Ocean and as already stated; the situation
werrants a careful systematic study. The books
by Deraniyagala (1953), Kuroda et al. (1958),
and Anon (no date) include colour illustrations
of green turtles from the Indo~Pacific region.
A coloured picture of the venter of a green
furtle from Indefatigable Island, Galdpagos,
?ppeas's in the article by Johnson and Johngon

1959) -

According to Schmidt (1945), becahise of
historical zoogeography, one would expect the
marine turtle populations on the Pacific coast-
of the Americas to be more closely related to
those on the Atlantic and Caribbean coasts than
to. tnose in the western Pacific. On the other
hand, evidence is accumulating (Bee colour
descriptions in preceding paragraphs and below)
which suggests just the opposite.

The following acocounts of green turtles in
the South Pacific (Hirth, MS) are given as a
gtart toward a descriptive classification of all
turtles in the Pacific region (although it should
be noted that there may be significant colour
variations among individuals of the same popu-
lation and certainly between different sizes).
In French Polynesia, a juvenile green turtle
with a carapace length of 30.5 cm has a carapace
predominantly copper—brown with grey-black rays;
the top of the hesd is black with well-defined
sutures and the sides of the head are blackish-
brown; the flippers are black above and white
below but with the distal half below mottled
yellow-black~brown. The throat and plastron are
white.

A sub-adult female, carapace length of
68.5 cm, from French Polynesia, has a carapace
streaked with copper, yellow; black and browm:
the top of the head has a ground colour of black,
but most scales have distinct copper spots; the
sides of the head are blackish; the dorsum of
front flippers are black but with distal one-
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third edged with copper: the dorsum of hind
flippers are predominantly black; venter of all
flippers are yellowish with black on distal third;
yellowish-white plastron.

Examination of ten gdults (eight malesj two
females) from Scilly, French Polynesia showed no
significant colour differences between the sexes.
Nine had marked indentations above the hind
flippers. All had post-ocular counts of 4/4. A
typical turtle with a carapace length of 100 cm
has & greenish brown carapace mottled with white,
yellow, olive and black; the %top of the head is
similar Yo the carapace in colouratiom; the throat
and plastron are white.

A sub-adult green turtle (carapace length 45
cm) from Western Samos has a brown-green carapace
streaked with black; top of head is brown and,
sides of head blackj four flippers above are
black with some browm interspersed and below are
variegated yellow-black-brown; the plastron is
wh.itEG

An adult female (carapace length 96.5 cm)
from Westen Samoa has a dark brown carapace
abundantly covered with light green, light brown
and yellow spots and blotches; top of head is
spotted brown and green; sides of head basically
yellow with large black spots in middle of each
scale; %op of flippers spotted black-brown-green
while flippers underneath are yellowish~white
with few black spots in middle of each flipper;
chin and plastron are yellowish.

An adult female (carapace length 101 cm)
from Tonga has a light green carapace heavily
mottled with black, dark brown and light browm;
%op of head is basmically greenish-black with
blotches of yellow and light brown; mides of the
head are basically yellow but with black spots in
scales; flippers above are dark copper—brown with
black spots and below are vwhitish-yellow with =z
few black centred scales: the plastron is
yellowish,

Sub-adult turtles (carapace lengths 58.4 snd
60 cm) from the Fiji Islands and New Caledonia
are very similar in that the carapace is basically
brownish~green with distinct copper, yellow and
green streaks; top of head is black with large
copper spots and sides of head are blackish,
fading into white near the lower jaw; flippers
above are blackish with copper on foruward edge
and $ipsj venter of flippers are white-yellow
with some black scales on {railing edge; throat
and plasiron are whitish-yellow.

The green turtle is an occasionsl visitor in
New Zealand and adults have been described by
MoCann (1966b) as being olive or brown, the
shields with more or less distinct brown rays;
and, yellow beneath.

Basically, the carapace of a mature female from
the Gulf of Aden and the Seychelles Imlands

(Hirth and Carr, 1970) is mottled with yellow,
browm, black and green. The top of the head is
spread with black, green and brown mpots, and
there are well-marked yellowish seams between

the scales. Adult males are similar to Females
with the exception that males have less yellow

and brown mottling on the carapace and top of

the head. Whether these pigmentation differences
between the sexes are consistent throughout %thisg
population is unknown. Deraniyagala {1939) noted
some colour differences between the sexes around
Ceylon. 1In general, the pigmentation of the

South Yemeni green turtle population im

consistent with Deraniyagala's (1939) descriptions
of Ceylonese turtles of the same sizes. He
describes eight pigmentation phases of the green
turtle in which the caraspace passes from dark
greenish~bronze in the hatchling %o a brownish- .
red phase, then a variegated phape, and wltimately.

- t9 the olive tint with black and brown streaks,

characterisbic of adults. Boulenger (1890)
describes young green turtles from Indian Ocean

.area as "dark brown or olive above, the limbs

margined with yellow; yellow beneath, with &

" large dark brown spot on the hand and foots

Carapace of adult olive or brown, spotied or
marbled with yellowish'.

Hoofien and Yaron (1964) describe the
carapaces of two adult turtles from the Dahlac
Archipelago as uniform ochraceous brown. They
also mention the lack of distinct marginal
indentations above the hind limbs.

1.24 Common names

Some common names of the green turtle in
various areas of the world are given in Table 1.
The name "green turtle" is derived from the colour
of i*a fat,

The Raroians {Danielsson, 1956) have names
for the various stages in the onitogeny of sea
turtles: egg (tGuo vaki), hatchling (kerga),
three classes of juvenilem (torSarga, kdpue,
mikui), adult (43fai).

Some Tonge fishermen also have names for
the colour phases and various sizes and sex.

1.3 Morphology

1.31 Anatomy

An ammotated bibliography of mome aspects
of the morpholegy of marine turtles is found in
Ingle and Smith (1949). More recently, Bellairs
(1970) has written about the gemeral anatomy and
physiology of the green turtle. 4An early account
of the anatomy of Chelonia was given by Hoffmann
(1890). Among the classical works on anatomy
are those of Pilliet and Bignon (1885) on the
lacrimal gland; Kesteven (1911) on cranial



FIRM/585 Green turtle

TABLE I

Common names of the green turtle,
followed by the vernacular.

The geographical area or language is

Western Hemisphere

Eastern Hemisphere

North America
green turtle; green sea turtle,
edible turtle

Danigh West Indies, Trinidad, Tobago
green turtle, edible turtle,
greenback

Caribbean Spanish
tortvgs, tortuga blanca,
‘tortuge verde

Heczico
la parlama, caguama, oaguama oomun,
caguna negrs, tortuga prieta,
cagnama prieta, mestiza,
tortuga negra, sacacillo

Guyana
bettia

Surinam
krape

Tupi in Brazil
suruang

Hawaiian and Tahitisn
honu

Western Samoa
laumei

Tonga Islands
fonu tu'atuli,
fonu tu'akula,
fonu tutapolata,
tuai fonu

i ji Islands
vonu damu,
vonu loa,
mako loay
ika damu

BEnglish
green turtle, edible turtle
German
Suppenschildkr8te
French
tortue franche, tortue de mer,
tortue verte
Portuguese

tartaruga, tartaruga-do-mar,
tartaruga verde
Ghana
anjwa, apuhulu, apuhuwru; hala
Swahildi
kassa

Mozambique
itataruca, nruvi, asa, pateri,
casa, icaha

Bajuni of Lamu
taza

Southern Yemen
bissa; bissat al bahr; humsa

Creal.. on Aldabra Atoll
tortie de mer

Maldive Islands
vela

Sinhalese
gel kKisbiva, mas kisbliva,
vali kisb¥va

Tamil -
perr amai, pal amai
Malay on Cocos Islands
penyu
Malaysia

puin, sisek; penyu, penyu agar,
penyu pulau

Borneo

pinu
Fhilippine Islands

pudno, turtuga
Chinese ‘

1u tzu-hsi

Japanese
a0 umigame
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morphology; Nick (1913) on the development of the
gkull; Ruckes {1929a, b) on osleology; Deraniyagzala
51939) on general ontogeny and scalation; Villiers

1958) on general anatomy; and Parsons (1959) on
the nasal cavities. A study of respiratory muscles
in mydag has been made by Shah (1962). The total
lack of the lung muscle, muscularis sgtriatum
pulmonale, is notable. Mlynarski (1961) hasg
described the structiure of mcutes and Brongerema
(1968b) described some variations in vertebral
geutes of Surinam turtles.

Parsons (1958) examined the choanal papillae
of green turtles but was unable to give it a
fonction. Later, Smith (1961) proposed that the
choanal rakers in adult green turtles are
correlated with its herbivorous diet.

1.32 Cytomorphology

Aocording 4o Makino (1952) the female green
turtle has one lessg chromosome than the male.
Working with Chelonia mydas japonica from the
Bonin Islands, he found, through histological
examination, that the diploid number was 56 and
55 in the males and females respectively.

Characterigtica of thehaemoglobin of (. mydas
have been studied by Dozy et al. (1964).
Stephenson (1966) relates how the cells of mydag
have been used in cell culture studies.

1.33 Protein specificity

The serum protein concentration in Chelonia
m. mydas is 1.8% (Frair, 1964). In most turiles
it is between 2 and 6%. Serological studies
suggest a close relationship among the five genera
of sea turtles (Frair, 1969).

1.4 Measuring and tagging turtles

The standard measurements of sea turtles (all
of which are straight-line distances) are length
and width of carapace, length of plastron and
width of head (see Fig. 2). The lengths of
plastron and carapace are anteriormost to
poateriormost extensions of each. The width of
the carapace is the distance between its lateral
marging at the widest point. The head measurement
is taken at the greatest bony width. ’

The mosgt common method of tagging marine
turtles employs the use of a stainless steel tag
clamped onto the trailing edge of a front flipper
(see Tig. 3). The tags are numbered on one face
and on the other side are inscribed instructions
for the finder in various languages. Adult females
are usually the only ones tagged because they can
be easily cought on the nesting beach. One of the
problems in sea turtle biology is to invent a fag
that can be placed on or in a hatchling and wvhich
will identify it some years later. Attempls to
mark or tag hatchlings by branding, tattooing, and
uge of magnetic tags have not been successful

(Carr,

1967b). Notching marginal scutes is the

mogt common method used today by turtle biolo-
gistsg, but the long-term success of this method
hag yet to be establighed. Identifying
individuals through immunclogical reactions has
been puggested by Hendrickson (1969). Hughes

{1970)

in experiments with loggerhead (Carstia

caretta) hatchlings is implanting a piece of
stainleas steel wire under selected carapace

scales

in hopes of identifying individuale

later recaptured by x-raying them (sse almo
Anon, 1969k}, Pough (1970) hag recently
mggested 8 method of marking hatchlings using
a plastio plug.

Fig. 2

Measuring the plastron length of a
South Yemeni green turtle. The use of
"giant! calipers gives straight—line
measuremsnts. The man on the right
holds a pair of tagging pliars

i i e ‘
A tagmoed Hestern Samoan green turtle.
The stainless steel tapgs, numbered, and
inscribed in various languases, have
been adopted by marine turtle biologicte
throughont the world
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2 DISTRIBUTION

2.1 Total ares

Green turtles are found throughout the
tropical seas and as stragglers in a far more
extensgive area. The major breeding and feeding
areas, and hence the majority of green turtles,
are found between the northern and southern 20°(
isotherms (i.e., average temperature of surface
water in coldest month is above 200C).

On the American side of the Atlantic Ocean,
green turtles have been captured or sighted as
far north as New England (Lamson, 1935; Pope,
1939; Dexter, 1947; Bleakney, 1965). Carr (1952)
saye thal individuals have been reported seen in
Newfoundland waters but no specimens have been
taken. The southern locality record of the green
turtle in the western Atlantic is Mar del Plata
and Necochea, Argentina (Barran and Freiberg,
1951; Freiherg, 1967).

On tle other side of the Atlantic, green

turtles hive been recorded from the English Channel

(Hellmich, 1962) 4o South Africa (Loveridge and
Williams, 1957; Rose, 1962; Hughes, 1970).

The northernmost records for green turiles
in the Pacific are Washington State and British
Columbia (Carl, 1955; Logier and Toner, 1961
Slater, 1963), Bonin Islands {Stejneger, 1907),
Japan (Weng and Wang, 1956), and Korea (Shannon,
1956). They have been reported as far gouth as
the Kermadec Islands (Oliver, 1910), New Zealand
(McCann, 1966a, b) and Chiloe, Chile (Donoso-
Barros, 1966).

Brongersma (1961) believes that the dead green

turtles that have been found on the Dutch coast
were released from passing ships. In 1952 a live
juvenile Chelonia (carapace length 36 cm) was
stranded near Petten on the coast of the
Netherlands, but it is unknown whether this +oo
was released by man.

Ifew Chelonia have been sighted off the western

coagts of South America and Africa south of the
Tropic of Capricorn, and none have been seen south
of 40°8 latitude on the eastern coast of South
America. The lack of records in these southern
latitudes may be due to the fact that the dominant
surface currents in these regions
Current, Falkland Current, Benguela Current) are
cold currents.

This synopsis does not include references to
strictly random sightings of green turtles. How-
ever, such records should be pooled and analysed
in order to determine if cryptic patterns of’
movement and distribution do exist. For example,
the sightings of turtles in the shipping lanes of
the North Atlantic warrant plotting and study.

Man's activities and depredations on green
turtle nesting beaches (taking adults and eggs

(Peru or Humboldt

for food; construction of dwellings, roads) have
eliminated some good nesting sites and hence the
digtribution of green turtles has bsen reduced
(see section 5).

2.2 Differential distribution

2.217 Hatchlings, juveniles and sub-
adulis

1t is postulated that the hatchlings leaving
Ascension Island drift downstream (i.e., toward
Brazil) with the South Equatorial Current (see
seotion 3.53).

There is a dearth of information on the
bionomics of hatchlings and juveniles. In fact,
the first year of life of all marine turtles has
been popularly labelled 'the lost year! by marine
turtle biologists (mee Brongersma, 1970).

Developmental migrations of juveniles and
sub-adults are discussed in sechion 3.51.

2.22 Adults

The distribution of adults iz determined o
a large extent by the location of their nesting
beaches and their feeding grounds. James J,
Parsons (1962) has written an elegant book in
which he documents and describes many of the
nesting sites around the world. The important
8till extant sites, as well as recently
discovered nesting beaches, are summarized in. the
following sections.

The well-known nesting areas are cited in
Tablie II and Figs. 4 and 5., All the major
nesting beaches are within 260N or § of the
equator. The majority of the beaches are on
islands. ‘"Heron Island and Europa Island are the
two most southerly major breeding sites of the
green turtle; beaches on the coast of West
Pakistan, Baja California and in the Hawaiian
Iglands are the most northerly rookeries.

Some lesser—-known green fturtle rookeries are
cited in Table III. Most of these are also on
iglands.

In addition to the rcokeries cited in Tables
II and III, nesting has been recorded in various
other places in the tropics. These nesting
locales are given below. In some of these plaoces
the season or density of nesting is unknown and
in other cases the beaches are probably no longer
used by green turties.

Distribution in the Pacific Ocean and
adjacent seas.

Green turtles have been sighted or caught
off the Pacific shore of Panama (§vans, 19477,
Peru (Murphy, 1925) and Chile (Yanez, 1951) but
nesting beaohes on these shores are unknowm.

Nesting on Islas de Revillagligedo and Baja
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TABLE IX

Some major green turtle nesting sites

Locality

Nesting Season Peak of Nesting

Authority

Michoacan Coast, Mexico

Tortuguero, Costa Rica
Shell Beach, Guyana
Bigi Santi, Surinam

Isla Aves

Ascension Island

Southern Yemen

Hawke's Bay,
West Pakistan

Aldabrs Atoll
Buropa Island

no Khram, Thailand
Malaysia

Indonesia

Philippine
"Turtle Iglands®

Heron Island, Australia
(and other Capricorn
Group Islands)

Bountiful Im., Australia
{and other islands in
Gulf of Carpentaria)

WESTERN HEMISPHERE

- May-September
June=Nov, late July-early Sept.
March-August probably June-July
Feb,-August April-May
March-Dec, probably July

EASTERN HEMISPHERE

Deco-dime

probably year
around

year around
Year around

Year around

year around

year around

probably year
around
ysar around

Oct o=Maxrch

June-Febg

Febo-April

one peak in
November

late June-early Nov,
February-May

o

May—-July
July-Angust

Auvgust

Januvary-February

Peters, 1954, 1956~57
Duellman, 1961
Montoya, 1969

Carr and Ogren, 1960
Pritchard, 1969

Pritchard, 1969
Schulz, 1969

Parsons, 1962
Lazell, 1967
Morice, 1958
HirthﬁZMS)

Carr and Hirth, 1962
Hirth and Carry 1970

Hatt ¢ 1957
Minton, 1966

Hornell, 1927

G.Ro Hughes (MS)
JoYo Coustean (film)
Parsons, 1962

Penyapol, 1958

Harrisson, 1951, 1952, 1965a

Hendrickson, 1958
de Silva; 1969a

Somadikarta, 1968

Domantay 1952-53, 1968

Moorhouse, 1933
Fustard, 1967a, (MS)

Bustard (MS)
Parsons, 1962
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Fig. 4

Some of the important green turtle nesting beaches (numbered oircles) and
feeding grounds (shaded aress) in the western hemigphere. Modifiad from
Parsons (1962) and Carr (1965). 1 = Ujelang, 2 = D'Entrecasteaux,

3 = Funafutio, 4 = Vatoa, 5 = Palmerston, 6 = Rakshangs, 7 = Secilly,

8 = Raroia, 9 = French Prigate Shoal, 10 = Galdpagos, 11 = Clarion,

12 = Michoacan coast, 13 = Bahia Magdelena, 14 = Bahia San Bartolome,

15 = Quintana Roo, 16 = Tortuguero, 17 = Little Inagua, 18 = Mona,

19 = Aves, 20 = Quyana beaches, 21 = Surinam beaches, 22 = Harajo,

23 = Rio Doce, 24 = Trindade
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Fig. 5 BSome of the important green turtle nesting beaches {pumbered circles)
and feeding grounds (shaded areas) in the eastern hemisphere. Modified
from Parsons (1962) and Carr (1965). 1 = Cape Verde Islands,

2 = Ascension, 3 = Buropa, 4 = Comores, 5 = Astove, 6 = Aldabra,

7 = Southern Yemen beaches, 8 = Masira, 9 = Hawke's Bay, 10 = Laccadives,
11 = Maldives, 12 = Diamond, 13 = Cocos (Keeling) Is., 14 = Gulf of
Thailand beaches, 15 = Songkhla, 16 = West Malaysia Islands, 17 =
Sarawsk turtle islands, 18 = Philippine turtle islands, 19 = Schildpad,
20 = Baroeng, 21 = Flying Foam Is., 22 = Qulf of Carpentaria Islande,

23 = Torres 3trait Islands, 24 = Heron Island, 25 = Ceniral Caroline
Islands, 26 = Oroluk
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TABLE I1I

Season of nes’ting at some lesser-known and minor green turtle rookeries

Nesting (by months)

Locality J F M A M J J A S o ¥ D Authority
Pacific Ocean and adjacent seas
Chiapas, Mexico X X X X X X Alvares del Toro, 1960
Galdpagos Is, X X X X P, Pritchard (MS)
Rose Atoll X X Sachet, 1954
French Polynesia X X X Chabouisy; L, and F.y 1954
Hirth (MS)

Tonga Islands X X X X Hirth (M8)
New Caledonia X X  Hirth {(Ms)
Bikar Atoll,

Marshell Ise X Fomberg, 1969
Jemo Island,

Marshall Is. X  Posberg, 1969
Houtman Abrolhos,

Australia X X  Storr, 1960

Atlentic Ocean and adjecent seas

Yucatan Peninsula X X x X R, Marquez, pers. oomm,
West Indies X X X X X Underwoody 1951
Coast of West

Africa X X X X X Gadow, 1909
Senegal X X X Cadenat, 1949

Villiers, 1958

Fernando Pooy :

Gulf of Guinea X X X X Bisentvaut, 1964

Indien Ocean

Maziwi I8.,

Tanzania ¥ X X X X X X Anon, 1969b
Dshlac Archipelago X Anony, 1969a; Urban, 1970
Astove and Coemoledo

in Seychelles Isg, X X X Hirth and Carr, 1970
Jurayd L.,

Pergian Gulf X X B, Hoag, pers. comms

Masira I8, X Parsons, 1962
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California ig menbtioned by Beebe (1937), Brattstrom
(1955) and Parsons (1962). These areas should be
reconnoitred again, with apecial emphasis on
assessing nesting sgeregations.

In former years green turtles were readily
caught in waters off the Hawaiian Islands espe-
cially neer Oshu, Molokai and Maui. Today the
majority of nesting is on French Frigate Shosl
in the Hawaiian Leewards. Hspecially large
concentrations of basking turtles have been seen
on Pearl and Hermes Reefs and somewhat smaller
concentrations on Lisianski Atoll and Layson Atoll,
all in the Hawaiian Leewards. Hendrickson {1969)
and Northshield (1969) report green turtles are
still found in the Leewards; but are scarcer than
they used to be. Now that the Leeward Islands are
wnder the gusrdianship of the U,3. Bureau of Sport
Fisheries and Wildlife, the turtle population may
stabilize or even increase. In eny case; whatever,
is left of the original population, the Hawaiian
Leewards renain the biggest green turtle rookery
in the United States.

Parsons (1962) and Wiens (1962) have documented

‘the occurrence of green turtles in Melanesia,
Micronesia and Polynesia. In earlier days Chelonia
negted in fairly large numbers on Ulithi, Ifaluk,
Gaferut, Flato, Olimarao, Fanning Atoll, Chrisimas

Atoll, D'Entrecasteaux Reefs (July through October),
American Samoa (August and September), Oroluk Atoll,

Raroia (June through September) and Vatos. The
density of nesting on Palmerston Atoll -now iz une~
known, although Carr (1965) lists it as a major
nesting beach. There may still be a large neshing
colony on Palmerston and the situation warrants
immediate attention. Preliminary attempts ai
assegging turtle stocks in the South Pacific have
been made by Anon (1969f) and Bustard (1969a).

Green turtles negt occasionally on the sandy
beaches of Arno Atoll .in the Marshall Islands but
they are scarce and of no commercial importance
(Hiatt, 1951). They are now rarely seen around
Kapingamarangi Atoll in the Caroline Islands vheve

they once were an important source of food (Niering,

1963). They are reporied 40 nest in the Helen's
Reef area about 480 km southwest of Palau and on a
emall island north of Palaun and just off the
island of Kayangel, all in the Caroline Islands
(Wilson, 1969). .Carr (1965) cites nesting on
Ujelang in the Central Carolines and on Funafutio
and Rakahanga in the South Pacific. Neill (1958)
provides a few references to early accounts of
green turtles in the western Pacific and Indian
Ocesns. Dr. John Hendrickson (University of
Arizona) is currently studying the marine turtle
populations in Micronesisa.

As far as is known; the extent of nesting in
the Ogasawara Islands (= Bonin Islands) has not
been elaborated on since Okeda's (1931) account
which included statements that mating tekes place
from March to Moy and eggs are laid from May
through August. Makino (1952) also referred to

nesting in the Bonin Islands; and in 1968
Sampson mentioned hunting “sea turtles” close
to shore. .If still .extant, this wonld
constitute one of the most northerly brseding
sites of Chelonig.

On the western perimeter of the Pacifioc
Ocean, green turtles have been reported from
Amami-oshima in the Loo Choo Islands (=Ryukyu)
(Xoba, 1959) and from Taiwan {Gee, 1929~30).
Pope (1935) cites references pertaining to
green turtles laying eggs on iglands near Hong
Xong in July and August. However, nesting here
now seems very doubtful.

The density of nesting today on Pulau
Berhala off Sumatrs is unknown, but Mohr (1927)
noted oviposition every month with a peszk from
November to January. De Rooij (1915) listed
mydas as occurring on the following islands of
the Indo-Australian Archipelsgo; Sumatra,
Biliton, Borneo, Java, Madura, Flores, Celebesg,
Ambon, Banda Obi, Aru and New Guinesg.
Pangumbahan, a nesting site on the soutl coast
of Java, where a large number of eggs are
harvested, is described by Reksowardojo (1961).
Somadikarta (1962) lists some nesting beasches
in Indonesia which are rented out for their
eggs. Somey no doubt, are green turils rookaries.
Parsons (1962) describes nesting near Barcens
in Java. A thorough taxonomic and ecologic
study should be made of the green turtles in
Indonesia. Rapecially since the Arohipslago
occupies & unique position between the Indian
Ooean and South China Sea.

In addition to the large Sarawak rockeries
in malaysia (see Table 1I) green turtles slso
nest on small coastal islands in West Malaysia.
The most importent of which are the Ferhentisn
and Redang Islands off the coast of XKelantan
and Trenggenu (Hendrickson, 1961).

Besides the well-known Philippine '"Turtle
Islands", (see Table TI) other islands in the
Sulu Sea vhere some nesting occurs include
Cavili, Arena, Lumbucsn, Bancoran and San
Miguel (Martin, 1952-53).

Cockeroft (1968) stated that greem furiles
are common in warm waters off Papua, and Hurley
(1924) briefly described nesting on a small
igland in the Torres Strait.

Copulating pairs have been seen in
September and October off the beaches in
Northern Territory, Australia, and relishle
sources indicate large nesting aggregations on
islands in the Gulf of Carpentaria (Cogger
and Lindner, 1969; Bustard, M3). Bvidently
there is large-scale nesting on the western
coagt of Australia if the following quote is
raliable: "All along the northern beaches of
the mainland coast (of western Australia) and
seleoted off-shore islands, thousands of female
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green turtles leave their natural environmment——the
a88, to make a difficult and exhausting journey on-
to the land to lay their eggs" (Anon, 1969c).
Another article reports nésting near Onslow in
Western Australia (4non, 1970e). Mating is report-
ed off the Great Barrier Reef in October and
November (Roughley, 1951).

Disfribution in- Atlantic Ocean and adjacent
seas

Oreen turtles nest on Papaya Beach, Turtle
Beach, Leguan Beach, Tiger Island Beach, Suddie
Beach, Zeelandia Beach, Mahaica-Mahaicong Beach
and Shell Beach (March through August) in Guyanaj
on Silebache Beach in French Guiana; and on Bigi
Santi Beach and on the strand neer the mouth of
the Marowijne River in Surinam (Pritchard, 1969).
Frair and Prol (1970) saw many green turtles
nesting in May .in Surinam.

In addition #o the references given in Table
II some pertinent accounts of the rookery on Aves
Izland can be found in artioles by Zuloaga (1955)
and Phelps and Pbelps (1957). Aves is the only
above-water part of +the so-called "Aves Swell®.
The island is almost surrounded by a reef and the
maximum elevation above sea level is 3.5 m.
The island is s3lso a well-known ‘tern rookery.
The fact that the island is sinking raises the
queation of wbat returning, oviferous turtles will
do when there is not enough beach left for nesting.
Morice (1958) states that it is possible to capture
from 150 to 200 females in e few nights during June
and July on Aves Island. :

The Ascension rookery has been briefly
mentioned by Packer (1968) besides the subhorities
cited in Table II, In addition to its remote
location, this colony is different from some of
the other majoxr rookeries in that the incubating
eggs are rarely taken by any predators but
entrance ‘o some of the beaches is made hazardous
by the combination of heavy seas and rocky shore—
lines ’

Some of the much lesmer-known rookeries in the
Caribbean and western Atlantic are listed in
Pargons (1962). These include Isla Mujeres and
other coral islands off the coast of the Yucatan
Peninsula (see also Fosberg, 1962; Mexico, 1966)
Mona Island; Marajé Island; beaches near Rio Doce
and Czbo Frio on the Brazilian cosst and Trindade.
Barth {1952) has described the nesting beaches on
Trindade, but there is a dearth of information
about the breeding colony there. Green turtles
have also been seen off the shore of Gueimade
Grande, sbout T0 lkm southwest of Santos, Brazil

(Mertens? 1955) °

Parsons (1962) cites nesting in the Cape Verde
Islands. Brongersma (1968a) gquotes the work of
Sarmento (1948) which mentions the presence of
juvenile green turtles around the Madeira Islands
and Brongersms himself describes a juvenile

(carapace length 30.4 cm) captured off Madeira.

The northwest bulge of Africa is one of
the least kmown areas as far as marine turiles
are concerned. (. mydas appears in a glossary
prepared by Osorio de Castro (1954) and is
simply listed in the fisheries of coastal
Portugal, Azores, Madeira, Morocco and Senegal,
Pagteur and Bons {1960) state that it is pro-
bable that at least stray green turtles can be
found off Morocco.

Distribution in the Indian Ocean and
Mediterranean Sea

Green turtles are reported as very common
in Mozambique waters and need better protection
on the nesting beaches (4non, 1970i). Today
there is only scattered nesting on the coast of
Kenya (C. Ray, pers. comm.). Oviposition has
been observed on the Somali coast {Cozzolino,
19383 Travis, 1967).

The photograph in the Aramco Handbook \Ara-
bian American 0il Company, 1968) with the legend
"Giant Sea Turtles Breed on Islands in the Arabian
Gulf" is probably a green turtle. There sre also
scattered reports of green turitles off Iran in the
Persian Gulf,

Green turtles were reported as wery common
in the Maldives some forty years ago -
(Deraniyagala; 1956), Nesting on Comores Islands,
Diamond Island and Cocos Island is documented by
Parsons (1962), The current status of these
iglands as nesting sites is unknown.’

. Shockley (1949} along with Hatt (1957) and
Minton (1966) describes nesting in West Pakistan
(see Table II), -

Several people (Bodenheimer, 19353 Baas,
19513 Howells, 1956) have reported the presence
of Chelonia on the Israeli coast. The area
between El Arish and Hedera is sometimes named as
a nesting sitey however, it is highly unlikely
that turtles nest there now. A couple of
Chelonia were caught near Malta some forty years
ago ZDespott, 1931). C. das is reporied as
uncommon in the Adriatic Sea (Redl, 1963). 'The
green turtle along with loggerhead and hawksbill
turtles has been observed off southern France
(Xnoepffler, 1961).

The only known breeding colony of any size
in the Mediterranean is the rookery on the
southern coast of Turkey near Marsin and
Yamortalik (Anon, 1967a).  According ‘to Mr. I,
Sela of Israel, the colony is rapidly diminishing
due to overexploitation. The rookery is now
being investigated by Dr. R.W. Hathaway
(University of Utah),

In some places in the Mediterranean the
reports of Chelonia are questionable because
gsome reporiers have had difficuliy in
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distinguishing the green turtle from the loggerhead
turtles

Gireen turtles are veéry rare in the Black Sea.
One was caught near Sozopol in Bulgaria about 70
years ago (Valkanov, 1949; Fuhn and Vancea, 1961).

Iocation of feeding pastures

Some of the principal feeding pastures are?
upper wesht coast of Florida; northwestern coast of
Yucatan peninsulaj south coast of Cubaj Mosquito
coast of Nicaragua; Caribbean coast of Panamas
geattered areas along Caribbean coast of Colonmbiaj
scattered areas off Brazilian coast; west African
coagt from Mauritania to Nigeria (see Villiers,
1958, 1962 for descripitive accounts); Mozambigue
Channel; Bajun Islands and neighbouring coast of
Somaliaj Khor Umaira in the Gulf of Adeni Maldive
and Laccadive Archipelagoes; around Ceylon and
Krusadai Island (see Deraniyagala, 1939, and
Kuriyan, 1950)3 scattered areas in the South China
Sea and in the Gulf of Thailand; northern sector
. of the Graat Barrier Reefj Torres Straiti Gulf of
Carpentaria; Flying Foam Islands; Hawaiisn Islandsg
around scme of the Fiji Islands and Tonga Islandss

Pacific coast of Baja California; Gulf of Californiaj

Galipagos Islands, and parts of the coasts of
Ecuador and Peru. Migs. 4 and 5 indicate the
approximate limits of some of ‘the better known
feeding areas, As is to be expected, the most
extensive pastures are along continental shelves.

There are several lesser known feeding areas.
Green turtles are reported grazing between January

and March near Sunday Island in the Kermadec
Group (Oliver, 1910). They do not breed in the
islands but are reported to go north for mating.
Individuals have been seen feeding on the bottom
in shallow waters off Northern Territory,
Australia {Cogger and lindner, 1969; Bustard,
MS), and mydag is reported as a staple item in
the diet of a small number of coastal
aboriginals still living a tribal way of life.

In the Fiji Islands green turtles can be
seen feeding in the passage between Taveuni
and Vanua Levu (Bustard; 1970b). Hirth (MS)
has found feeding pastures around Viti Levu in
the Fiji Group as well as around Tongatepu in
the Tonga Islands.

Very little is known about the population.
dynamics, productivity or activities of green
turtles on the feeding pastures=:this in spite
of the fact that a turtle probably spends most
of its life there.

2.3 Determinants of distribution changess
gee gections 2.1y 2624 3.16, 3.22 and
3.5

2.4 Hybridigzation

Nothing is known of hybridization in
nature. The author suspects; however, tha}
hybridization would occur if turtles are able
to pass through the newly proposed cross-Panama
Canal; and, if captive turtles escape from .
turtle farma.
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3 BIONOMICS AND LIFE HISTORY

3.1 Reproduction
3,11 Sexuality

‘Green turtles are heterosexual. Adult males
have a very long, somevhat prehengile tail reaching
ag far as or beyond the extended hind flipvers.
The tail of the adult female rarely extends beyond
the margin of the carapace. Males also have longer
claws on their front flippers than do females.
Some investigators have had difficulty in deter—
mining the sex of hatchlings, but Makino (1952)
states that the sexes of even embryos can be
determined by histological examination. According
to him, the embryonic ovary of C.m. Jjaponica is
easily distinguishable from the testis by having
a thick and elongated cortical layer of primordial
germ cells which show active proliferation. The
testis im a 1little shorter in length but much
thicker then the ovary of the same age. He goes
on to say shat the testis is further characterized
by the fact that the primordial germ cells develop
a8 solid cords of irregular shape ftowards the
medullary region of the gonads. Further histo-
logical studies are now in progress in the
laboratories at the University of Utah.

3,12 HMaturity

- Investigators are not certain at what age
green turtles reach maturity. Bstimates are four
to six years (Hendrickson, 1958), at least six
years (Carr, 1967b), at least seven years
{Harrisson, 1962d); five to seven years (Ehrenfeld,
1970) and eight to thirteen years (Caldwell,
1962¢). The age, or size at which sexual maturity
is reached may of course vary between individuals
of the same population and also between
individuals of different populations. For example,
Cerr and Carr (1970b) have discussed the variation
in maturation size at the Tortuguero rookery.
Evidently this population includes two kinds of
big turtles: some that grew big after reaching
sexual maturity, and some that reached maturity at
a large size.

The smallest nesting females recorded on the
Tortuguero and Southern Yemen breeding beaches
had carapace lengths of 69.3 and 78.7 om respec—
tively (Carr and Ogren, 1960; Hirth and Carr,
1970). Sizes of nesting females at some of the
better known nesting beaches are given in Fig. 6.
Corresponding weights can be ascertained from
Fige To

3.13 Mating

Copulation usually occurs just off the nest-
ing beaches, usually within one kilometre of shore.
It is unknown whether the males accompany the
females from feeding pastures to nesting grounds
or whether they make a synchronized rendezvous
with the females at the rookery. At some of ‘the

larger breeding arcas (i.e., Tortuguero,

Sarawak Islands, Bountiful Island, Aldabra Atoll)
one female is usually attended by several males
and males show an interest in any female. This
suggests that polyandry may be the mgdus
overandi, but it may also be a reflection of the
fact that Temales, but never males, are exploited
on the nesting grounds. Or it may reflect on

the fact that all males remigrate (= periodic
movement out from and back to the original area)
to the nesting ground every year while most
females have a biennial or triemnial cycle. How-
ever, it seems unlikely that males do remigrate
each year because of the bioenergetic require-
ments of such extended travel. On the other
hand, the preponderance of males may not be real
at all but merely a reflection of the male's
very intense activity during the breeding season.
It is also possible that the sex ratio may

indeed be in favonur of males at the start of the
breeding season but that it shifts to an equal
sex ratio as the season progresses due to arrival
of more females or due to males leaving. It is
noteworthy that at Tortuguero, nesting continues
after mating activity has ceased and males have
virtually vanished from sight.

Of course, the preponderance of adult males
off some nesting beaches may also be explained
by an unequal sex ratio at hatching or & sexual
advantage during ontogeny (see section 4.11).

The question of when the eggs of virgin
females are fertilized remains an enigma. Ii ism
hypothesized that the young females accompany -
the older turtles to the nesting ground, mate
thew2 and return to home.pastures without laying
%Garr and Hirth, 1962). Also, according to Carr

1965), "It seems unlikely that any of the eggs
of the current season are fertilized as a result
of current mating. The e¢ncounter probably
gerves to fertilize eggs for the next nesfing
season, two or three years ahead'". This storage
of spermatozoa may account for the infertility
of large numbers of eggm (see section 3.16),

Mr. Montoya of Mexico reports (pers. comm.) that
fertility in C.m. agassizii egge is higher in
the first clutch of the season than in later
clutchese.

Some aspects of courtship and copulation
off the Toriuguerc rookery are given by Carr and
Giovannoli (1957). They describe how pairing is
a strenuous and clumsy operation during which
the female is often gnashed and scraped. The
enlarged claw on the front flippers of the male
aids him in grasping the fore edge of the shell
of his mate. .

It is plausible that some mating takes
place at the feeding grounds or at other areas
away from the nesting beaches, although this has
yet to be documented.
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Pig. 6 BSizes of nesting females at some major nesting sites. The length
of the horizontal line indicates the range and the vertical line
the mean. Data on the Sarawak population are taken from a graph
in Hendrickson (1958). Other data are from Carr and Hirth (1962),
Pritchard (1969) and Hirth and Carr (1970)
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WEIGHT IN KILOGRAMS
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. 7 Model showing weight and carapace length of green turtles {both

sexen). Adapted from Hirth and Carr (1970) and based mainly
upon turtles caught in the Gulf of Aden feeding pastures
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3.14 Fertilizetion

Fertilization is int’érnalo The question of
delayed fertilization is discussed in the preceding
section.

3,15 Gonads
See following section.

3.16 Reproductive cyole, nesting
behaviour end selection of nesting
beach

Mon is most familiar with two relatively short
phases of the life history of the green turtle -
the nocturnal egg-laying behaviour of the adult
female;, and the subsequent two months of incubation
and hatching.

Green turtles nest every four years in easbern.
Australia (Bustard and Tognetti, 1969), every three
years in the Sowth China Sea (Harrisson, 1956bj
Hendrickson, 1958} and every two or three years in
the Caribboan and South Atlantic, but with the
triennial cyele predominant (Carr and Ogren, 1960;
Carr, 1965). Recently Carr and Carr (1970&5 have
accumulated evidence which indicates that a foun.
year reproductive cycle may also exist in the Costa
Rican population. Moreover, they have shown how,
although an individual usually maintains o constant

" eycle, modulation mey occur snd the change may be
either from a three to two year cycle or vice versa.
It i8 postulated that the phase-shift reflects
ecological conditions on the feeding grounds. Thus,
individuals nesting in any one given _year on some
beaches around the Atlantic represent four souwroesns

(1) newly matured individusls, (2) returain
individuals nesting on a biemnial cycle, (3?
returning individuals nesting on a triennial
cycle, and {4) individuals erperiencing = phase—
shift in ‘heir reproductive cycle. Oviferous
turtles may converge on the rookeries from
different feeding pastures, some of which may be
long distances from the breeding beach.

" Most nesting tekes place at night, although
daytime nesting does occur occasionally on
uninhabited Pacific atolle and has been geen in
Colombia (Medem, 1962} and Surinam (Pritchard,
1969). 'The time of year when nesting begins and,
the duration of the nesting period vary from one
region to another (Tables II and IITI). In some
places, such as Maleysia, there is year-round
nesting but with specific peak months, while in
other places such as Ascension Island, nesting
ig resiricted to & few months of the year. At
Tortugnero, a mainland beach where nesting is
soasonal, the turtles appear in large numbers
rather suddenly, but tend to trickle away at the
end of the meason.

Momt green turtles lay between three and
seven times each season abt aboul ten to fifteen
day intervals. Hendrickson (1958) stated that
about 96% of 5,748 nesting green furtles in the
three Sarawak Islands returned to the same island
for renesting during the reproductive season
even though two of the islands are only about
500 metres apart.

Renestings on the Torbuguero beach are
usually within 0.4 to 1.2 km of the preceding
nesl_ng emergence (Carr and Ogren, 1960), even

TABLE IV

Basic reproductive data at some major nesting beaches.

Tollowing the mean.

The range is given in parenthesss

. No. eggs Incubation peried Renesting interval .

Locality per nest in dsye® in days Authority
Tortuguero 110 55.6 12,5

(18-193) (48-70) (9-16) Carr and Hirth, 1962
Surinam 142 1314

(87-~226) - Pritchard, 1969
Ascension 115.5 5955 1465

(53-181) {58-62) (10-17) Carr and Hirth, 1962
Sarawak 104,7 57-T0 1065 .

{3-184) (depends on season) (8-17) Hendyickson, 1958

Australla 110 68,7 14 Moorhousey 1933

(50~200) {65-72) Bustard, 1967a

% Inoubation period is defined as the period betwsen oviposition and emergence of the

largest number of hatchlings on the surface
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though the beach topography changes from year to
year, Apparently, the males roam about just off-
shore during the mating season.

In order to find out what females do between
nestings, a couple of mature individuals at
Tortuguero were rigged with helium balloons and
kept under visual observation (Carr, 1967b). One
individual that was allowed to nest was fracked
the next day swimming around off tho nesting beach.
Another individual that was not permitted to nest
struck out in a southeasterly course for sbout six
hours, but the following night returned and nested
near the point where she was released. Further
studies on this subject using turtles rigged with
transmitters are now being conducted at Tortuguero
{carr, pers. comm.)

Table IV compares mome basic reproductive data
at some of the major nesting beaches. It appears
that in addition %o being among the biggest green
turtles in the world, the females nesting in
Surinem hav: the greatest fecundity. Banks (1937)
studied oviposition in the Sarawak furtle islands
between 1972 and 1935 and found that the average
number of ¢ggs laid by each turtle, based upon
thousande ¢f records, varied from 106 to 118. The
average mumber {(and range) of eggs per nest at some
of the other nesting grounds are as follows:
Indonesia, 118 (48-175) (Mohr, 1927); Sabah, 105.6
(72-144) (Harrisson, 1965a) and Southern Yemen,

106 {70-130) (Hirth and Carr, 1970). Harrisson
(1962¢c) describes the monthly laying cycles in
Sarawak, Bustard (1967a) found that cluitch size
increases with age or size of the furtle. On the
other hand, Domantay (1952«53) states that younger
turtles lay more eggs than older ones.

Carr (1967v) siates that at Tortuguero the
female lays more than 100 eggs on her mid-season
trip ashore and fewer on her first and last trips.
On Ascension Island the first and second egg
complements of each turtle are usually bigger than
the third {Cerr and Hirth, 1962). In the Ogasawara
Islands, Fukada (1965) reports that each turtle lays
between one and five times each season and that
each clutch consists of about 70 to 150 eggs. He
observed four individuals through four nestings and
no significant correlation was found between the
sequence of nestings and number of eggs per clutch
except that the laet nesting had the fewest eggm
in each case. Domantay (1952-53; 1968) has observed
several old FPhilippine turtles go through the eutire
nesting repertoire and then not lay eggs. Evidently
some turtles do not retain their reproductive capa~
city throughout life. Further studies on this
subject are needed, especially in view of the
practical importance this would have in the manage-
ment of the aspecies.

Carr {(1967b) has lucidly discussed how the
number of egees laid by a green turtle at each
oviposition (i.e., about 100) has adaptive value
for the specien. Some of these advantages includa
{1) escape from predation by swamping the predators

on the beach and the littoral predators during
the firat few critical hours in the water,

(2) metabolic heating of the nest by a mass of
eggs, (3) social facilitation in the climb to
the surface, and (4) group orientation in the
crawl to the sea. Carr also speculates that
hatchlings may regroup somewhere after entering
the sea and somehow take more advantage from
being a group again.

NMetabolic heating of the nest has been
studied in several places. In Sarawak,
Hendrickson (1958) found a progressive tempere~
ture rise (from about 28° to 35°C) in nests of
developing eggs and postulated that this might
be an important factor in influencing the per-
cent hatch. Carr and Hirth (1961) found that
the temperature of a nest on Ascension increased
from 27.9 to 29.9° over a éi~day incubation
period. In Australia, Bustard and Greenham
(1968) found that the temperature within &
natural nest of eggs is initially about 25-26°C
and that there is a rise in temperature to aboutb
31°C during the latter part of incubation due to
metabolic heating.

In addition to the incubation data for some
major rookeries given in Table IV, additional
information is aveilable for lesser known
beaches. Domantay (1952~53) and Penyapol (19%8)
report average incubation periods of 51-53 and -
4B-50 days in the Philippine Islands and -in
Thailand, respectively; Fukada (1965) states
that it is 63 days in the Ogasawara Islands; .
and Hirth and Carr (1970) registered 48-49 days
in Aden.

.~ The percent hatch (defined as the number
of hatchlings, out of the total egg complement,
which successfully reach the surface) varies
from geason to seagon in different parts of the
world (Teble V). Pritchard {1967) states that
“the fertility of green turtls eggsis low, a
50% hatching being abowt average'. He also
states that egg complements which have been dug
up and reburied take longer to hatch than other—
wise, but the fertility does not appear to be
substantially affected.

Balasingham é1967), in an interesting study
with leatherback (Dermochelys coriacea) nests,
found that he could increase the percentage of
hatchlings from transplanted nests if eggs were
buried in clutches of about 50. The enigma of
why the leatherback usually lays between 85 and
90 eggs per nest thus becomes more puzzling in
view of Balasminghem's work. Similar studies
should be conducted with green turtle clutches.

The neéting behaviour of the green turtle .
can be divided into eleven stages (Carr and
Ogren, 1960):

1)  Stranding, testing of stranding pite, and
emergence from wave wgsh
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TABLE ¥

The percent hatch of green turtle eggs.
unless otherwise indicated.

All are reburied cluiches in egg hatcheries

Localiity Percent halch Authority
Tortuguero,
Corta Rica 50 Carr and Hivth, 1962
Ascension Tgland 54 (netural
nests) Carr and Hirth, 1962
Halaysia 47 Hendrickson, 1958
30-79 Harrisson, 1961, 1962a
53~55 Balasingham, 1965
Anon, 1967b
Sabah 70--90 de Silva, 1969a
Heron Is., 67 Bustard and Greenham, 1968
Australia 55 (nasural

nests)

Moorhouse, 1933

2)  Selecting of course and crawling from surf to
nest site

3) Selecting of nest site

4) Clearing of mest premises

5) Excavating of body pit

6) TExcavating of nest hole

7) Oviposition

8) TFilling, covering and packing of mest hole

9) Filling of body pit and concealing of mite of

nesting
10) Selecting of course and locomobion back to sea
11) . Re-entering of wave wash and traversal of the

surf”

Some detailed aspects of the nesting repertoire

of the Atlantic green turtle are given in Carr and

Giovamoli (1957); Carr amd Ogren (1960) and Carr
and Hirth (1962).

is described in varying degrees of detail by Beebe
219373; Hendrickson (1958); Bustard and Gresnham
1969); and Hirth and . Carr (1970).

MSand~smelling® or "sand-nuzzling” by the
newly stranded female on the beach hag been
observed by several people in different localities
(Carr and Giovannoli, 1957; Carr and Ogren, 1960;
Carr and Hirth, 1962; Hirth and Carr, 19705. The
exact function of this mannerism is unknown, but

Nesting of the Indo-Pacific form

it may involve sensory appraisal of the beach.
Bvidently this trait is lacking in the Pacific
forms (Bustard and Greenham, 1969).

The tendency o make "half-moons" (= non-
egg laying emergence in which the trail up and
down the beach looks lilke some form of &
parabolic curve) and triasl holes may be sigus
of appetitive behaviour, although they may also
be merely forms of repreductive unreadiness.
Hendrickson (1958) belioves that abandoned nests
in advanced stages are due Ho vibrations in the
substrate caused by nesting turtles nearby.
This certainly would be of. adaptive value on
orouded beaches by spacing out the nests (see
section 4.5).

The females are very shy when ascending
the beach. At this time they can be easily’
scared (i.e., by barking dogs, lights, efc.
back into the sea. Hendrickson (19585 describes
+he ascent up the beach to the high beach plat-
form in some detail. When the turtle is digging
the nest hole and egg hole, she is much less
sensitive to alarming stimuli. Once the consmum-
matory act of egg-laying ham commenced, virtually
nothing will cause the turtle %o stop, It is at
this stage that large beach predators can easily
kill a turtle. The complete nesting repertoire,
i.e., from water's edge back to murf, takes
about two to three hours.

At some rookeries there appears to be no’
direct correlation between phase of the moon or
stage of tide and nesting, but around some of
the Pacific atolls a high tide does aid the
turtle in reaching the beach and most nesting
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jim ot this time. In other places indigenous
people will olaim that most nesting itskes place
at certain phases of the lunar cycle.

Short of imparting a tendency to pack solid,
werste too freely, or to waterlog, the physico-
chemical characteristics of good turitle heachen
are not very well known. However; ome character-
igtio common to most rookeries is the presence of
a beach platform well above flood tide. It is on
such a platform that most nesting takes places
Hirth and Carr (1970) found that the texture and
composition of the sand on some major nesting
beaches vary widely. For example, the sand on the
big vookery at Shexme (Souwthern Yemen) ie compomed
of partioles chiefly in the 0.5 to 0.25 mm class -
that is; medivm grain sand. The beaches at
Ascension and Aves Islands are mainly composed of
coarse gands and the beach at Tortuguero is made
up of fine sand. Other features of "the nesting
beach sand vary as much as particle size does.
{olour, for instence, varies from olive grey at
Tortuguero to white on Aldsbra; soluble salt
content on Sharma is about one third that at
Torbuguero; organic content at Sharma is less than
half that at Aldabra and Aves Islands. Pritchard
(1966) reports that green turiles lay eggs on a
beach in Guysna that is composed entirely of
broken sea shells. Penyapol (1958) has stated
that green turtles nest on different types of
sandy beaches in Thailand. On the other hand,
Hendrickson and Balesinghem (1966) found that in
Malaysia green turtles prefer beaches of fine sand.
Hemting beaoh preferences,; or lack thereof, is
important information for the turtle farmer who
must get his bturtles to deposit eggs on man-made
beaches.

Green turtles have laid eggs on completely
artificial besches in the Seychelles Islands,
Hawaiian Yslands end on Grand Cayman during the
course of pilot farming experiments. Details of
the type of sand used are lacking.

The presence or absenoe of vegetation is not
a wiversal prerequisite for green turtle nesting
beaches. Some parts of the rookery at Tortuguero
are almost covered with Ipomea, Sesuvium, and
Sporobolus, and the green turtles nesting in
eastern Australia seem to prefer the older; more
vegetated cays. The beaches on the Sarawek Turtle
Islande are devoid of vegetation; while on the
wegt Malaysian Islands pioneer plants do invade
the nesting srea. There are some plantsg on the
Aves Island strand, but only scattered clumps of
vegetation on the big Southern Yemen rookeries.
There are virtually no plants on the nesting
beaches on Ascension Island. In Australia, Bustard
and Greenham (1969) found that shrubs and %trees on
the nesbing beaches may serve as a cue to the
initiation of hole=digging since a majority of
tartles studied commenced digging a body-pit in
close proximity to theme forms of vegetation. Thisg
behaviour has adaptive value since the presence of
rootlets and/or moisture prevents sand slippage
during the construction of the egg chamber.

CGreen turtles nesting in Surinam appear to
be wvery plastic in thelr beach preferences since
the beaches there are continuously changing in
pb%rsfi,cal whructure and location (Schulz, 1964,
1969).

Some of the heaches in the Fhilippine
Turtle Islands are becoming wnfit for nesting due
o excess acoumulation of logs, vprooted trees,.
roots of coconut palmeg and other debris cast
ashore (Domantay, 1952-53). Similerly, the
strand vegetation is encroaching upon some of
the nesting beaches in Wembern Samoa (Hirth, MS).

The cuss that green turtles use in meleot
ing their nesting beaches are wtill unknown.
It is well established, however, that the same
nesting beaches are used year after year. For
example, no adult turtle tagged at Toriuguero
has been retaken nesting enywhere else except
at Tortuguero. It is also possible that
hatchlings are somehow imprinted with some
pensible essence of the beach on which they
hatch (Koch, Carr, Bhrenfeld, 1969) and that it
is detection of this that guides them back to
the same beach when they return ag reproductively
mature females ready to nest. This imprinting
$rait is slso the rationale behind the restocking
programme in the Caribbean {see seotion 6.5)s

One of the biggest nesting concentrations.
of green turtles in the world and the site of
extensive ethoecological research is the beach
near Tortuguero on the Caribbean coast of Costa
Wica. The nesting beach is approximately 38
kilometres in extent and bas been described by
Carr (1956), Carr and Giovamnoli (1957), Carr
and Ogren (1959, 1960), Carr end Hirih (1962),
Hirth (1963;, Cerr, Hirth and Ogren (1966),
Carr (1967b) and Stubbs (1970).

3.17 Eges

Green turtle eggs are spherical end whites
During oviposition the eggs are usually dropped
one, two or three at a time. MNost eggs are
covered with mucous when they leave the cloaca.
Egg laying tekes about ten minutes. Freshly
laid eggs in Sarawsk weigh 36 g each (range
28.6-44.7) and those in Souwthern Yemen weigh
40.4 g (range 30-44). The average diameter of

cen turtle eggs remges from 40 mm in Sarawak
Hendrickson, 1958) to 54.6 mm on Ascension
Island (Cerr and Hirth, 1962). Eggs on the
Tortuguero and Southernm Yemeni beaches average
between 42 and 46 mm (Carr and Hirth, 19623
Hirth and Garry 1970)s. A few abnormally small
or non-gpherical eggs are usually found in sach
clu‘bch.

If we assume that the average green jurtle
weighs about 125 kg (wet weight), that she
lays 550 eggs per seamson and that each ege
weighs 38 g, then we can conclude +that the
average adult female produces about 21 kg
of eggs per season, or an amount equivalent to
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ghout 17% of her own body weight.

Penyapol (1958) has enalysed the nutritive
value of green turtle eggs. He found that ash
accounted for 1.11% of 100 g of turtle eggs.

Based upon the same sample size, he recorded the
following major constituente: moisture (79.03 g),
protein %11.8 g), phosphorus {227.85 mg), calcium
(93.58 mg) and iron (1.95 mg). The caloric content
of the 100 g semple was 121.36 (compared to 146 in
hen's egg and 189 in duck's egg). Vitamins B, and
B, reglstered 453 and 442 microgranms, respec‘blvely.
The total edible portion of the sample was flpgured
o be 9206%.

Man eats the egge of green turtles chiefly. for
their protein content; occasionally loocal demand is
based on a bellef that they are an aphrodisiac.

Green turtle eges are eaben by a variety of
predators (Table VI). As the table imdicates,
feral dogm take a large number of turtle eggs.
Humen#; of course, teke more eggs than any other

predator.

Racoons are a terrible menace to loggerhaead
eges on the Florida coast and mey be preventing
rehabilitation of green turtle rookeries there
(Garr, pers. comm.).

On high-dengity nesting beaches, such as
Heron Island, Furopa Island, and the Sarawak
Turtle Islands, nesting femalea may destroy
incubating clutches as a consequence of digging
their own nests (see section 4.5).

3.2 Embryonic and hatchling phase

3.21 Embryonic phase

Domantay (1968) has documented the
embryology of the green turtle from the time the
egg leaves the ovary to the day of hatching.
His observations were made in the Philippine
Islands where incubation lasts about 50 days.
According to Domantay, the early steges of

TABLE VI

Predation on Greem Turtle Eggs

Locality Predator

Authority

WESTERN HEMISPHERE

Tortugugro, Costa Rica

dogBy buzzards, opossums,

pigsy white~lipped pecoary;

coatimumdi
Galépagos Ig,

feral dogs, pigs

Carr, 1956, 1967b
Schmidt and Inger,

1957
Po Pritchard (MS)

BEASTERN HEMISPHERE

Aldabra Atoll

sand crabs (Brac

8 8D )

robber crabs (Birgus lairo)

ibis,; dogs, rats

Southern Yemen
crabs

West Peldstan

Ma.layaia

feral dogs, foxesy beach

Honegger, 1967

Hirth and Carry, 1970
Anon, 1967c

feral dogs, jackals, crows,
monitor lizards

ghost crabs (Oc

Minton, 1966
ode spo)

monitor lizards (Varanus spe)

rats
Bast Indies

Philippine Islands

dogs,; monitor lizards

Hendrickson, 1958

monitor lizards,
pigs (Sus barbatus)

Raven, 1946
Domantay, 1952-53
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gastrulation are completed before the egg is laid;
by the end of the fifth day the neural tube is
differentiated into the brain and spinal cord;
differentiation of the heart and gut begin about
the eighth day; the nervous, digestive and
circulatory systems are fully distinguishable by
the eleventh day; at about the seventeenth day
the eye is differentiated with a lens and irie

and the anlage of the carapace is present and
differentiating; the soales are fully formed and
pigmented by the thirty-first day; two days before
' hatching the yolk measures about 30 mm in diameterse
" According to Domantay it takes the hatchlings a2t
least three days 4o reach the surface.

Penyapol (1958) found that embryos from the
Thadiland rookeries have a carapace length of
a@bout 5, 11.2 and 36 mm on days 14, 20 and 36,
respectively; that over the same period the width
of the carapace varies from 4 to 31 mm; end, that
the forelimbs grow faster than the hindliwbs after
day 16.

Deremiyagala (1939) recorded that a 16~day-
old Ceylonese embryo has a carapace length of 11
mn and a carapace width of 6 mm. At the same
time, the lengths of the fore flippers and hind
flippers are 3.5 and 3.0 mmy; respectively.
Between 29 and 36 days of age, the lengths of
the carapace and flippers almost double, and by
the thirty--sixth day the carapace is pigmented
{dack olive)s. According to Moorhouse (1933) all
 traces of the umbilicus disappear at about three
weeks of age.

& rather old but comprehensive monograph
on embryology, especially that of the head; bhas
been written by Parker (1880).

Agossiz (1857) described in detail the
embryclogy of various turtles, mostly Chrymemys
and Chelydra. It would be interesbing to
compare the embryology of greenm turtles with
those described in Agasmiz's classic worke

Bustard, Simkiss, Jenkins and Taylor {1969)
have shown that the eggeshell is the major source
of calcium for developing embryos.

The new hatchling cuts through its eggshell
with the aid of a horny protuberance, sometimes
called the egg~caruncle, on the tip of its snouts
This caruncle disappears after a few days.

3.22 Hatchling period (behaviour,
predators and survivorship)

The dorsum of the hatchling iz black or
dark brownish black or dark greenish black and
the edges of the carapace and flippers are
usually white; the venter is white except the
ends of the flippers which are black but edged
with white (mee Fig. 8). Sizes of hatchlings
are glven in Table VII. A picture of a
hatchling just breaking through the eggshell is
provided by Carr (196To). Albino hatchlings
have been reported from Sarawsk (Harrisson, 1963)
and from Costa Rica (Carr,; 1967b).

TABLE VII

Sizes of one-day~old hatchlings from three differemt nesiing populations (from Carr

and Hirth, 1962; and Hirth and Carry, 1970).
given in millimetres.
sample of 20),

Values represent the mesn and range and ars

A hatchling from Southern Yemen weighs about 23 g (range 20~28 in

Tortuguero Ascengion S, Yemen
H=100 N=100 N=20
Length of carapace 49, T(4640-56,0) 510 T(490 1=5540) 46,9(44.0-48,4)
Width of carapace 3805(35.0-48,2) 4106(38,0-48,0) 33.5(3162=3745)
Length of plastron 40,0(3305-4601) 42,6(38,2-48,1) 3608(32+8-40,6)
Width of head 17.0(1505~2065) 1402(1265~15.6)

1542(13,0=1742)
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One--hour old green turtle hatchlings, each
about 23 g The dark carapace snd flippers,
eidged with white, are typical of the
gpociaeg,

The movements of hatchlings can conveniently
be divided into the following categories (from
Carr and Ogreny 1960): (1) from nest %o surface,
{2) from nest to wave-wet mand, (3) across wave-
wet sgand, (4) through wave-vash, (5) through
breskers, and (6) travel by hatchlings and
immature stages (also see sections 3,51 and 3.53).
Phases (1) and (2) above have been the most
intensively studied, while virtually nothing is
known about the last phase listed above.

The movement from the nest to the murface is

a combination of negative geotaxis and allelomimetic

behaviour, Hendrickson (1958), Carr and Ogren
(1960) and Carr snd Hirth (1961) provide detailed
accounts of the complex series of activities that
characterize the emergence process ~ the salient
feature being that turtles in a nest are not
completely independent individuals, but are sort
of g super-organism,; composmed of collaborating
hatohlings whose combined efforts carry the Yroom~
ful® of individuals to the surface. The climb to
the surface usually takes bebtween three and seven
days. Emergence from the sand usually takes place
at night. Sometimes the entire complement emerges
at the same time, while on other occasions the
hatchlings emerge in small lots, over a period of
24~72 hours. This is probably due to subdivision
of the group by differences in hatching schedules.
Turtles hatching singly have reduced prospects of
emerging from the nest, and even less chance of
reaching the sea.

Hendrickson (1958) believes that some innate
mechanism prevents hatchlings from emerging on the
surface during the heat of the day. He postulates
that if they encounter sand temperatures much
above 339C, they ceame activity and resume climb-

ing only when nightfall brings lower sand
surface temperatures. Bustard (1967b) found
that the majority of Australian hatchlings
also emerge from the underground nest at

night and he suggests thah inactivity during
the day of the "lead" turtles near the surface
has & dampening effect on the activiiy of thosge
below-—thus ensuring that emergence does not
take place when air or sand surface tempere-
tures could be lethal. Mrosoveky (1968)
concluded thermal inhibition of activity is a
major factor in limiting the emergence of
hatchling green turtles to nocturnal hours.
Activity is slowed down when sand temperstures
rise above 28.59C,

The advantages of emerging at night are
chiefly twos (1) it eliminates exposure %o hot
gand surface temperatures which could be
lethal or which could glow down the turtle in
ites crawl to the sea and thum lengthen its
exposure to predators, (2) it eliminates
exposure to diurnal predators.

Hatchlings crawl along the sand surface
using their four flippers in typical reptilien
faghion (front member moved in conjunction with
hind member on opposite side), while adults
on shore heave themselves along using some-
times only the front flippers simultaneously
and sometimes all four limbs simultaneously.

Carr and Ogrea (1960) conducted a series
of tests to elucidabe the orientation (= the
taking up of a dirzction in relation to a
stimilus) of the hitehlings from the nest to
the mea. They concluded that the fundamental
goal sense involved visual stimuli; and that
the response is a modified phototaxis. The
"openness of outlook™ of a sea—sky horizon
will draw them away from a sun or moon when
either is over the land., But this relsation-
ship between intensity and area is evidently
reversed in the case of very bright light.
Moorhouse (1933), for example, stated that
he could entice the hatchlings back onto the
beach after they had entered the sea by
shining a bright light. Carr and Ogren (1959)
found that they could draw hatchling leather—
backs back to shore after they had entered
the surf by setting a kerosene lamp on the
shore or by shining a flashlight on them.
And., evidently the combined effects of
illuminated sy over cities and bright street
lights account for the destruction of logger—
heads (Caretta caretta) on the coastal highwoys
of IMlorida (lcFarlane, 1963). Hrosovaky
(1970) has stated that any kind of visual
stirulus has some effect on the smeafinding
orientation of hatchlings and that under some
circumstances the sun or moon could distract
hatchlings from the shorfest route to the sea
and thus increase exposure time to predators.
Although ths problem is not completely resolved,
Mrosoveky (1970) states that the distraction
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to very bright light is counterbalanced by a
behavioural mechanism kunown as tropotaxis

(= similtancous comparison of intensities on the
two sides, and orientation according to the
balance thus struck) which ensures that hatchlings
will reach the water under almogt all conditions.

The sea~finding ability of hatchlings as well
as adult females has been further studied on the
Tortuguero beach by Bhrenfeld and Carr (1967) and
Ehrenfeld (1967, 1968). Spectacles containing
special filters were fitted to the heads of adults,
and hatchlings were tested in a circular arena
where the view of the horizon was unobstructed or
where it was blocked by a low wall. They
substantiated the claim of others that the watér-
finding orientation is primarily a visual process
{based on brightness rather than colour) and that
it involves an appraisal of beach topography. They
aleo concluded that there was no innate compass
direction based on celestial cues, although Fischer.
(1964) did find a fixed direction preference .
related to the position of the sun in hatchlings
tested in a water arena.

In regaxrd to the visual acuity of marine
turtles, Wslls (1963) gstated that '"the female
marine turtle is in a bad way visually when she
comes ashore to lay her eggs at night, for her
aerial vision must be huzy and dim even if the
moon is bright". Walls describes the anatomy,
accomodation, optic axes and other aspects of the
chelonian eye. Fhrenfeld (1967) established bhat
green turtles are very myopic when their eyes are
out of water. Nevertheless, as described above,
vision ig indispensable for orientafion on land.

Retinal oil globules in Cem. §ggas have been
examined by Gronda and Heden (1970). The areal
distribution shows a mean total of 7,803 for
ovangey; 8,460 for yellow and 4,132 for colourless.
The apparent lack of areal differentiation is
correlated with its marine niche.

Mrogovsky and Carr (1967) examined light
preferences of hatchlings in a simple apparatus on
the natural nesting beach and discovered that when
given a two-choice situation, they prefer blue and
green stimuli over red. Light preferences were
analyzed further by Mrosovsky (1967) and by
Mrosovaky and Shettleworth (1968), end it was found
that while wavelength preferences of hatchlings ave
controlled largely by brightness, the existence of
some colour preference cannot be ruled out. Irnst
and Hamilton (1969) postulate that turtles with
some nocturnal habits prefer the shorter wavelengths
of light and that diurnal species prefer the longer
wavelengths.

In summary, it has been shown that a bright~
ness preference {(at the level of the horizon), a
tropotactic reaction to light and the apssociation
of the open horizon with the seaward direction
could explain the gea-~Cinding orientation of
hatehlinga, at least on the Caribbean beaches.

Lab-reared yearlings retain the ability to
find the sgea and even cross complex terrain to
reach it, and adult males evidently posgess the
same ability, although once reaching the surf
as hatchlings, they never return to & terrestrial
environment except perhaps to bask (Carr and
Hirth, 1962)., Afier conducting a variety of
experiments with Q.m. garrinegra in the Gulf of
Galifornia, Caldwell and Caldwell (1962)
concluded that the ses approach ability is
present in both sexes of all apges.

Ag already mentioned; the habits of the
hatchling after it enters the mea are completely
unknown. Carr {1967h; 1969¢) postulates that
the hatchlings are pelagic for some mounths
because obgervations on captive halchlings
suggest that they have trouble feeding on the
bottom in deep water and that their counter-
shading (i.e., dark dorsum: white wemter)
resembles pelagic figh. Many marine organicms
are pelagic during the early stages of their 1Lifae
Carr suggests that the Sargasso Ses mighit be one
place to look for young turtles, especially minoe
they have not been seen in shore-waters anywhers.
I+t is aleo postulated that hatchlings are
carnivorous (in captivity they readily est &
variety of animal food), Theoretically; the ues~
air interface would be an optimal niche for a
gmall, weak-swimming, airv-breathing, carnivorous
animal. Hughes (1969a) believer that loggerhead
hatchlings are pelagic and that thelr movements
are regulated to a large extent by dominsnt
surface currentd.

Bustard (1970a) states that the black
carapace plays an important role in elevating
the hatchling's body temperature when it floats
on the surface of the sea. He also recorded
that hatchlings start to dive regularly at about
two to three months of age when they weigh abeout
1,200 g.o

Mrosoveky and Shettleworth (1968) suggesi
that the temperature of currente off the nesting
grounds may partly determine to what extent
hatchlings swim or remain planktonic.

Caldwell (1969) cites records of hatchlings
veing dipnetted off their rookeries in the
Revillagigedo Islands and off the coasmt of
Michoacan, Mexico. How long hatchlings remain
in these offshore waters is unknoume.

Predators of hatohlings are given in Table
VIII. As the table shows, hatohlings are taken
by a variety of avian, terrestrial and marine
predators.

A hypothetical survivorship curve (Fig. 9)
indicates the greatest mortality takes place in
{the very early months of life. It has been
estimated that only 2-3% of the hatchlings
survive to adulthocd (Banks, 1937). It may be
as low as 1% :
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TABLE VIII

Predation on Green Turtle Hatchlings

Locality

Predator

Authority

Tortuguero, Costa Rica
Gulf Coamt of Mexico
Pacific Coast of Mewico

Galfpagos Is,

Mopelia, Frenoh Polynesia

Mershall Is,

Piji Is,

Ascension Is,

Aldabra Atoll

Southern Yemen

West Pakistan
Cacos I8,
Malaysia

Heron Is,
Australia

WESTERN HEMISPHERE

buzzards, dogsy jackfish,
kingfishy snook, sharks

dogsy hogs, crabs, birds,
fish, sharks'

raccoonsy hogs, dogs,; crabs,
fish, sharks

feral oats, night herons,
frigate birds, ghost crabs,
groupers

hermit crabsy sea birds,
sharks

Polynesian rat (Rattus exulans)
red hermit crabs ZCoenobita

perlata)

Mongoose
BASTERN HEMISPHERE

feral cats, rock cod,
common jack fish, sharks

hermit crabs, robber crabs, rats,
frigate bird (Fregata minor
aldsbrengis), flamingo (Phoeni-
copberus ruber antiquorum),

grey heron (Ardes cinerea),

black and white crow (Gorvug

albus), vara~vars (Lutismus bohar)
carangue-l es~dents (Caranx ignobilis)
sharks, barracuda

beach crabs, birds, groupers,
sharko

crabs, birds, mammals
ghost crabs

monitor lizardsg, rato, ghost
crab (Ocypode cerztopihalma),
snakes (Boira dendrophila,

Python rebiculatus), fish, sharks

ghost crabs, rats, silver gull
Larus novae~hollandiae),
black~tipped reef shark
(Carcharinus spallanzani)

Caxry, 1956, 1967b
Mexico, 1966

Mexico, 1966

P, Pritchard (MS)
Bgglestong 1953

Fosberg, 1969
Bustard, 1970b

Carr and Hirth, 1962

Hormell, 1927
Honegger, 1967

Hirth and Carry, 1970
Minton, 1966
Gibson-Hill, 1950

Hendrickson, 1958

Moorhouse, 1933
Bustard, 1967a
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3.3 Juvenile, sub-adult and adult phase

3.31 Llongevity

Little is known about the life span of green
turtles in nature. ‘The {act that reproductive
naturity may be reached after anywhere from four to
13 years; that some females have been recaptured
geveral times, alfter two to three years'absence, on
their nesting beach; together with observations tha%
predation on adults is minimal\(éxcépt for man),
that epizootics are unknown; and that food is
plentiful; all together suggest that adult turtles
more than 20 years of age may be common (except in
places where they are exploited by man)«

pPope (1939) reported that a green turtle from
the Pacific Ocean lived for 15 years in the New
York Aquariume

3.32 Har%iness:(see sections 3.13, 3.16,
3,4

3.33 Competitors

The only known vertebrate competitors of any
importance are dugongs, manatees and some herbi-
vorous fish (see section 3.42),

3.34 Predators

Sharks prey upon large green turtles
(Morhouse, 19335 Tinker, 1941; Travis, 1959, 1967;
Hendrickson, 1969; Hirth and Carr, 1970}, About 4%
of adult females observed on Malaysian nesting
beaches showed evidences of "assumed" shark damage
(Hendrickson, 1958)., Groupers are capable of
taking individuals up to 4.5 kg (Tinker, 1941). A
22.7 kg green turtle was found inside the stomach
of a)tiger shark caught near Clarion Island (Beebe,
1937}.

Large terrestrial mammals such as feral dogs,
tigers and jaguars may take a few adult females as
they deposit their eggs on beaches, but such pre-
dation is probably minimal, . :

3.35 Parasites, diseases; injuries and
abnormalities

Ingle and Smith (1949) provide a list of
references pertaining to the parasites of marine
turtles. Their ligt includes: Diglomum congtrictum,
Ozobranchus branchiatus, Stomatolepas transversa,
Bhytidodoides intestinalis, R. gimilis and
Platylepas hexastylog. MNore recently, other
investigators have reported on parasites. Carl
(1955) recorded barnacles (Balanug crenatus) on the
carapace of a sub-adult green turtle found on the
coast of British Columbia. Hendrickson (19%58)
records barnacles {Chelonibia tegtudinaria,
Stephanolepas muricata) and leeches (Ozobronchus
branchiatusg) on furtles in the South China Sea.

He also observed mosquitoes biting the soft ckin

of the turtle’s upper eyelid. Hundreds of
barnacles (Platylepas hexastvlos) encrusted the
dorsum and plastron of a sub-adult female taken
in Chincoteague Bay, Maryland (Schwartz, 1960).
Gupta (1961) %ook five trematodes from the
intesline of a green turtle from Trinidad

(Cricocephalus albus, Pleurogonius mehradi,

Neoctangium travassosi, Deuterobaris chelonei
and Schizamphigtomoides chelonei)s Caballero y
Caballero (1962) found the trematode, Orchidasma
amphiorchis, in the intestine of a turtle and
Simha and Chattopadhyaya (1969) record & new
blood fluke from the heart of a green turtle.

Smith and Coatem (1938) describe fibro-
epithelial growths in the skin of mydas and they
discuss the microscopic structure. The growihs
in wild turtles occur on the neck, eyelids,
axillae and groin.

Nothing is known of epizootics among green
turtles if, indeed, there are any.

Some individuals may get hopelessly wedged
between rocks in ‘their approach to nesting
beaches and thereby perish (Carr and Hirth,
1962) .

3.4 Nutrition and growth

3.41

Feeding and behaviour on the
feeding pastures

Most adults, and to some extent sub-adulbs,
feed chiefly on their grazing pastures {see °
gection 3.42), although in some regions of the
world turtles may feed en route between breeding
and feeding sites. As far as is known, no
feeding,; or very little, takes place off the
nesting groundse.

The feeding habits of juveniles are not
well-known, although it is commonly believed
thet they are carnivorous for their firgt few
monthe of -life.

It is sssumed that some time after the
turtle passes one year of age or when it weighs
between 1 and 4 kg, it becomes mainly herbivorous
(see section 3.42). Whether this dietary shift
is gradual or seasonal is unknown. Thisg change
in' food preference is not uncommon, since it has
been reported in other reptiles, especially
fresh-water turtles and lizards.

Sizes of grazing males and females on the
feeding pastures in the Gulf of Aden are given
in Table IX. As is to be expectedy the female
feeding population includes smallér individuals
than the nesting population.

Garr and Carr (1970a) suggest that condi-
tions on the feeding ground may affect the inter-
val between reproductive aycles (sce section 3.16).
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TABLE IX

Sizes (in centimetres) of green turtles cought on the feeding pastures near Khor
Unaira; Southern Yemen (from Hirth and Carr, 1970).

FEMALES, 11-178 MALES, N=112

Mean Range Mean Range
Carapace length £8e1 4843 ~ 111,8 90.4 Tled = 10441
Carspace width 6648 35.6 - 88,9 68,6 50,8 « 81,3
Plagstiron length T1e6 38,1 - 86,4 72,9 58.4 - 8103
Head width 1347 1849 ~ 17,8 1442 1002 = 17,8

Travis (1967) observed green turtles on their
feeding pastures off the east coast of Somalia and
discovered that they "slept" in 30 to 50 minute
bouts usually wedged under natural overhangs. He
also desciibes catching sea turtles with remoras.

Carr and Ogren (1960) state that the gresn
turtles ir. the Caribbean usually spend the night on
the bottom, or among rock or corzl crags, and that
suitable sleeping sites may be located some distance
away from their feeding pasture,

Parrish (1958) observed that, in captivity, a
resting turtle surfaces for air every 10-56 minutes,
Active turtles surface every 30 seconds 1o ten
minutes, OSurfacing for air at night usually occurs
about avery 35-45 minutes. Green turtles slept
vesting on the bottom of the seaguarium and sleeping
began at sundown and lasted all night. Walker
{1959) obmerved that nostrils of green turtles are
cloged when they rest in an aquarium and he suggests
+hat the closure is an adaptation %o prevent water
from éntering or air leaving the respiratory
passages when the animal is resting.

Obgervations were made on meveral large C.m.

carrinesra in captivity (Caldwell and Caldwell,
7962) and it was recorded that they slept on the

bottom of the aquarium with the eyes tightly shut

during the night, but nighttime sleep was interrupted

by fairly frequent (at least once an hour) trips to
the surface to breathe. Fresumably the sams
behaviour takes place in nature on the feeding
pagtures, However, turtles have been reported
feeding at night in the grazing pastures in the Gulf
of Aden (Hirth and Carr, 1970).

Sleeping habitg of the hatchlings are quite
different. They uaually float on the surface with
their front flippers drawn in along each side of the
ocarapace. Some float with their front flippers
extended at right angles to the carapace.

Carr (1967¢) postulates that green turtles
rarely dive deeper than 12 fm. Most of the

best turtle grass pastures are within this limit.

A brief discussion of some of the physiolo-
gical problems encountered by diving turtles is
discussed in CGans and Gannt (1969). In laboratory
tests Berkson (1966) was sble to ghow that
metabolic rates are much reduced in prolonged
diving and that the green turtle must be very
resistant to asphyxial distress. Later; Berkson
(1967) found that when the green turtle ig
subjected to hydrostatic pressure as. great as 19
atm., ag long as nine minutes may elapse between
heart beats. He also mensured nitrogen tension
in carotid artery blood end in tracheal air end
found that equilibrium conditions are never
attained during a prolonged deep dive, bui that
enough nitrogen enters the blood to render the
green turtle musceptible to gas emboli in the
bro.n after emergence.

McCutcheon (1947) raported that the specific
oxygen affinity of an adult green turtle is 19.0,
compared to 28.5 for that of a loggerhead and o
12.0 for that of a box turtle (Terrapens). The
differences in the unloading capacity of oxygen
are correlated with behaviour and habitat.

3.42 Tood and feeding agsosiates

Some food items of adult green turtles are
listed in Table X. As the list indicates, adult
turtles are mainly herbivorous but they are not
averse to eating animals. In fact, captive
turt;es are commonly fed animal food {mection
3.43),

Other investigators have reported on the
feeding habits of the green turtle but their
accounts are of a general nature or they have not
given the exact feeding site or they have
reported on only one or two individuals. These
works follows Zostera along the Atlantic coast
(Kingsley, 1885); algae and Zostera {Gadow, 1909);
Cymodocea, Thalassia, Zostera and Hzlophila
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TABLE X

Food of Mature Green Turtles

Locality Food Authority
WESTERN HEMISFHERE
Bermuda Zogtera Babecock, 1937
Tlorida Sagittaria, Vallisneria, Noill, 1958
Thalagsia, Cymodocea, Carr and Caldwell,
jellyfish, 1956
West Indies Thalagsia, molluscs,

Gulf Coasi of Mexico

YHonguito Cay,
Hicaragua
Cetara, Brasil

Pacific Coast of Mexico

Chile
Ga.ié.pago 8

Meal, Hawaii
Tonga Is,e

Fiji Ise

Kermadec I,

Seychelles Is,
Gulf of Aden

Kyugedai Is,

Caylon

Suln Sea
Great Barrier Reef

crustacea
Cymodocea, Thalassgia

Cymodooea, Thalassia

algae {Rhodophyceae,
Chlorophyceae; Phaeophyceae)s

Deplanthera, molluscs, oscidians,
sponges, bryozoang, crustaceans,

echinoderms

algae (Gelidium, Sargassum,
Bhodymenia, Gracilaria,
Griffiteia, Liagora, Ulva,
Gratelonpia), Cymodocea,
Thalassia

Zostera?, alga, sponges

algae (Caulerpa), ‘
mangrove roots and shootls

green algas

Haloduley Halophila,
Syringodiun

red and green algaey
Syringodivm
Pterocladia capillacea

EASTERN HEMISPHERR

Cymodoces

Posidonig (or Enhalus),
Halodulgy brown and red
algas

algae {Gracillaria,
Sarga.smmxi, Cymodocea
Cymiodocea, Thalassia,
Halophila, algae

green algac and Sargassum
gea grasses

Underwood, 1951

Mexico, 1966

Carry, 1954

Ferreira, 1968

Carr, 1961

Anony 1966

Ro Marquezn, Perse
COfMiMy

Yanez, 1951
Donogo~Barros, 1966

Po Pritchard (MS)
Hirtk (MS)

Hirth (MS)

Hirdh (MS)
Olivery 1910

Homnell, 1927

Hirth and Carr,
1970

Kuriyang, 1950

Deraniyagalay
1939, 1953

Doman’say, 1952=53
Yonge, 1930
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{Ingle and Smith, 1949); plant matter,

crabs, ascidians and barnacles in gut of

one individual taken off South Africa
(Hughes, Bass and Mentis, 1967); algae in
the South Seas {Roedelberger and Groschoff,
1967); eelgrass, algae, orabs and snails
{Schwartz, 19675; and, animal food such as
sponges, Pteropods and jellyfish (Brongersma,
1967)a

Pieces of plastic have been found in
the stomachs of turtles taken in the South
Pacific (Hirth, MS) and in turtles
captured off the Pacific coast of Costa
Rica (Carr,; pers. comm.).

One of the best described feeding
pastures is found near Khor Umaira,
Southern Yemen (FAO, 1968; Hirth and Carr,
1970). Here the densitigs of turtle grass
reach 2,500 leaves per m“» The stomach of
six mature turtles packed solidly with two
species of turtle grass weighed between
1.8 and 2.5 kg. Unfortunately, information on
assimilation is lacking. Ricker (1969) estimates
that the K value for marine herbivores would
rarely exceed 15%. K is defined as the growth
coefficient; or the turtle's annual increment of
weight divided by the quantity of food it has
consumed.

In terms of primary organic production; the
Western Indian Ocean is a region of contrast,
containing some of the richest and some of the most
infertile waters in the world. Although measure-
ments have not been made along the Somali coast
where good green turtle pastures are found,; the
region has been assigned a moderately high level
of production (.26,50 gCm 2 day™ ') and it is
possible that much higher levels occur (Ryther at
al., 1966). Primary and secondary productivity
studies are greatly needed, especially on the
feeding grounds; but it may be that feeding
experiments in captivity are the only practical
way to elucidate energy flow in the relatively
simple sun-grass-turtle food chain.

Burkholder, Burkholder snd Rivero (1959)
obtained some quantitative and qualitative data on
turtle grass, Thalassia testudinum,; in the West
Indies. Among other things; they reported a bio-
mass {dry weight) of 5.66 kg/m2, of which 80 to

was underground; and; that the leaves contained
about 13% protein, 25% ash, 36% carbohydrates,
16% crude fibre and 0.5% fat. DMNore studies like
this are needed.

C. den Hartog (1970) has written an interest-
ing monograph on the sea grasses of the world. In
many instances the distribution of green turtles
coincides with the distribution of sea grasses,
and certainly a century ago the fit was even
closer (see Fig. 10).

Marine turtles and sirenians are probably the
only big vertebrates grazing the extensive marine

the 1ji Islands. This ie a favourite
food of herbivorous sub-adult and adult
green turtles in some areas of the
Southwest Pacific Ocean

pastures, and competition between these groups
is probably minimezl. In the West Indies,
Randall (1965) found parrotfishes (Scarus and
Sparisoma), surgeonfish (Acanthurus), echinoids
T%;techinus, Tripneustes and Diademas, and the
green conch (Strombus gigas) competing with the
green turtle for marine grasses (Thalassia and
Cymodocea)s Stomach analyses of balahoo fishes,
Hemj.ramphus bragiliengis, in the West Indies
showad their main food to be leaves of Thalassia
(Burkholder, Burkholder and Rivero, 1959).
Banner and Randall {1952) wrote about the in—
vertehrate 1ife in a turtle grass area around an
atoll in the Gilbert Islands and found that even
invertebrates were scarce. According to Wiens
(1952) the turtle grass (EQ§}assgg) around some
of the Pacific atolls rarely grows over 0.3 m
high but it makes dense stands over surfaces of
sand in which its creeping rhizomes form an
interwoven mat. He also found that turtle grass
may be the dominant vegetation in lagoons from
zero tide level to a depth of 1.6 fme

3.43 Growth rate

Rates of growth under natural conditions
are relatively unkmown, although estimations
have appeared in the published literature. As
long ago as 1916, Schmidt stated in regard %o
the Caribbean turtle fisheries that "the most
important facts to be determined are the rate
of growth of turtles and their migrations®,
While some good information on movements of
turtles in some parts of the Caribbean is now
available, there is still a dearth of good
empirical data on growth rates. During +the
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course of his pioneer studies on growth rates in
Caribbean turtles, Schmidt found that nine turtles
initially weighing between 2.3 and 20 kg showed
weight increases of from 138 to 430 g per month
after 3.5 to 11 months in the ocean. His findings
also suggest that green turtles weighing aboub 203y
5.5 and 9.1 kg are about 1=1.5, 2-2,5 and 3-3.5
years old; respectively. He further postulated
that a one-year-old green turtle is about 27 cm in
length and a two-year—old is about 35 cm long.
Moorhouse (1933) estimated that one-year-old
turtles are 20.3 cm long. Ingle and Smith (%1949)
gtate that growth rate in early years is about
3.2 kg or 17.8 cm in carapace length per year.
One~year—old turtles weigh between 1.8 and 3.6 kg
aocording to Parsons (1962). -Carr (19676) believes
that burtles weigh between 0.9 and 2.3 kg when they
are one-year-old. Australian green turtles weigh
< about 22 g at birth and about 1,200 g two to three
_months later (Bustard, 1970a).

Carr and Caldwell (1956) relate how an
Atlantic green turtle weighed 20 kg at time of
capture and then weighed 2.7 kg more when it was
recaptured 102 days later. Other gains were 0.03
om per day in carapace length and 0,01 cm per day
in width of carapace.

Witham and Carr (1968) report that a yearling
released when weighing about 830 g was recaptured
30 months later some 65 nautical miles from the
release site and weighed 6,350 g. This recapture
wag of further significance because the individual
was 8 pen-reared turtle and the fact that it was
recaptured is some evidence that pen-reared animals
may be able to adapt to the normal ecologic regimen
of the species after a year in captivity.

Hendrickson (1958) postulated that there is
no marked decrease in rate of growth until the
animal reaches maturity and that maturity is
attained in four to six years. On the other hand,
Caldwell (1962c) theorized that there is a marked
decrease in growth rate after about the first three
years and that tropical turtles require at least
eight years to reach maturity. DMNore recently Carr
and Goodman (1970) have shown that after reaching
reproductive maturity, female green turtles at
Tortuguero, Costa Rica grow only about 0.25 cm per
year in carapace length and width (see Fig. 11).
According to Carr and Goodman, "It now appears that
some green turtles mature at small, and others at
large sizes, and that once they mature- that is,
once they have made their first trip to the nesting
beach~ their growth becomes negligible®,

These data suggest that the growth of green
turtles is similar to most other animals; i.e.y
characterized by a sigmoid growth curve.

Working in the Gulf of Aden, Hirth and Carr
(1970) found no significant differences between
weights of females and males of the same length.
The same authors compared the weights of turtles
from different populations and found that female
turtles from Southern Yemen are heavier than those

of similar lengths in the South China Seaj end
while the weights of the larger females from
Yemen are similar to the Caribbean green turtles,
they weigh somewhat less than the Atlantio green
turtles on Ascension Island. A generalized
weight~length curve is provided in Fig. 7.
Generally speaking, the weight of a green turtle
at reproductive maturity will be five thousand
times greater than its weight at hatching.

The weights of mature females in Surinam
with carapace lengths of from 100 to 122 em
vary from 121 to 224 kg (Pritchard, 1969). The
average weight of a mature female from
Tortuguero, Costa Rica, is about 114 kg and the
maximun is about 159 kg (Parsons, 1962?.

Caldwell (1962b) noted a tendency for
males of C.m. carrinegra to be lighter than
females beginning at a carapace length of about
76,2 cms He also described the relationship
between carapace length (L) in inches and weight
(W) in kg as followss log W = ~2.14 + 2.60 log Ls

As Fig. 6 indicates, the mean lengths of
nesting turtles in the Gulf of Aden, China Sea
and Caribbean Sea are similar, while the Cuiana
and Ascension turtles are probably the world's
largest.

The heaviest green turtle reported in the
literature weighed 386.4 kg (Carr, 1952). The
heaviest reported in recent years was a 241 kg
female on Ascenmion (Carr and Hirth, 1962).

Almost half of the wet weight of a green
turtle represents edible protein. Deraniyagala
(1939) and Schroeder (1966) respectively state
that approximately 41.9% and 40% of the live
weight is edible meat.

Ingle and Smith (1949) found that the
flippers and meat of a 119 gg male and a 96 kg
female constituted 47 and 52% of the total
weight respectively. The rest of the weight of
the female was distributed as follows: head,
2.4%; tail, 0.24%; neck, 1.7%; kidney, 0.23%;
liver, 2.3%; heart, 0.24%; calipee; 6.7%3
carapace, 15.5%; and entrails, 10.5%. The
welghts of 45 and 68 kg females were also
distributed in a similar fashion.

A hatchling from the Maldive Islands, fed
on fish and bread; weighed 4.4 kg and had a
carapace length of 320 mm and a carapace width
of 270 mm after about 13 months in
captivity (Deraniyagala, 1939). Gibson-Hill
(1950) reports that the Malay on the Cocos
Islands raise green turtles in captivity and
that they reach a length of about 25 cm in one
year. Hatchlings kept in semi=captivity in a
lagooon in the South Pacific had carapace
lengths of from 15 to 20 cm after ten months
a diet of kitohen scraps; fish and shellfish
(Wiens, 1962). Three green turtles raised in an
aquarium grew from about half a kg to about
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23 kg in nine and a half years (#lower, 1937).
Caldwell (1962c) reported the weight increases of
four hatchlings maintained in captivity for three
years ag follows: the mean weight increase was
135 g the first year, 2,725 g the second year,
gnd 5,000 g the third year. In captivity,
hatchling green turtles can grow up to between
22,5 end 25 cm in six months according to
Sohroeder (1966). Bvidently green turtles in
capbivity readily eat fish and other meat (see
alsg)Hornell, 19273 Loveridge, 1945; and Parrish,
195 Y

People in the Tuamoiw Archipelago have raised
hatchlings on coconubt meat and fisgh and they have
chiained a length of 50 %o 71 em in 3 %o 3} years.
Fighermen on various islands in the Kingdom of
Tongs sometimes keep adult turtles in kraals and
foed them on turile grass which washes up on the
beach (Hirth, MS).

3.44 Metabolism

Appa Rao and Dutt (1965) exemined the chemical

composition of muscle of an adult male green
turtle. Resulis indicate that the water content
of turtle flesh im clome to that of fishes (1.60,-
80 g water per 100 g muscle). The fat content
{0.76 g per 100 g muscle) is lower then in moed
fighes. In 100 g of muscle they found 15.35 g
protein, 510 mg phosphorus, 210 mg calcium, 34 mg
irony 0.21 mg copper, 0.20 mg cobalt and 0.20 mg
molybdenume

Chiefly because green turitle oil is used for
therapeutic purposes in some parts of Mexico
(used in treatment of tuberculosis, leprosy, and
28 & source of vitamins), Giral and Cascajares
€1948g, Giral, Giral and Girel (1948) and Giral
1955} have begun a study of its chemical
properties. Some of the mowt common fatty acids
in the oil are lauric, wyristic, palmitio, stearic
and palmitoleic. The presence of large amounts of
lauric and myristic scids may be characteristic of
Chelonis mydag. The sterol of body oil in a greem
turtle from New Cuinea conmbained 96% cholesterol,
3% Besitosterol, 0.2% campesterol and 0,15%
gtignasbterol (Minato and Otomo, 1969).

Biochemical compogition and nuirieént quality X

of the flesh may vary among individuals of o
population depending on such things as age and
sex, stage in the reproductive cycle, kinds of
vegetation eaten on the feeding pasture, and
physiological sbress induced by loug-range
movements,

Evidently, the flesh {or fat or blood) of
some Chelonia is toxic to humans, Halstead (1970)
gives & list of references pertalning to ses
turtle poisoning. The list contains only one
casge of poisoning by green turtles and this
incident caused 18 deaths in Ceylon in 1840. How-
ever, the limt alse conbains other instances of
chelonitoxication in which the sgpecies was un-
unknown. Most reporis of chelonitoxication are

from the Indo~Pacific region. The origin of
turtle poison is unkmown but most investigatore
who have studied the problem appear to be rather
consigtent in their opinion that the toxin is
derived from poisonous marine algae eaten by
turtlea (see Halstead, 1970 for review of
literature; sleo Boulenger, 1890; Halstead,

1959, 1969; and Taylor, 1970). The sympioms of
chelonitoxication vary with the amount of flegh
ingested and with the person. Symptoms generaily

after eating the meat and initial symptoms
include nausea; diarrhes, epigastric pain and
vertigo. There are no known sntidotes for
chelonitoxin. The {reaiment iz symptomatic.
FMarther studies on chelonitoxication and
documentation of green turtle cases are needed.

Ammoniea is the major end product in the
urine of mydas as it is in marine teleoshsun
fishes. The green turtle also excretos a large
amount of hippuric acid and thig may be dus bo
ite herbivorous diet (Khelil, 1947).

An interesting adaptation of Chelonis mydag
to its marine environment, pointed out by
Schmidt-Nielsen (1959) among others, is i%s
ebility to discharge excess salt by means of
salt glands located near the eyes. In this
regard the green turtle is similar ‘o the maring,
iguans and sea snakes. When on land, a turile
discharging salt looke as if it is "cryingY.
Carr and Ogren (1960) suggested that the Worying®
of nesting females 2lso serves to keep the eyes
clean of sand.

Holmes and McBeen (1964) have olearly showa
that the “salt gland® in mydas is the predominant
route of sodium and potassium excretion. They
further hypothesize that sea turtles drink sea
water not only to obtain osmotically free waber
but also to enable the excretion of potassimm
ingested as food. Such information mey be
important for future turtle farmers in providing
th? -proper milieun for their capbives.

Ellis and Abel (1964s, b) desoribe how the
turtle's salt gland tigsue is in zome ways
different from the seli~secreting epithelia of
figh and birds. Abel and Bllis ?1966) abate
that histologically the modified lacrymal glandg
of marine turtles may be classified zs compound
branched tubular glands and that the salb-—
secreting nasal glands of marine birds, the
rectal glands of elasmobranchg and the lacrymal
glands of marine fturtles have many common
cytochemical and cytological featurss.

The marine plants that the twriles graze
on probably have a salt concentration similar
to that of sea water and no doubt the salt
gland of the turtle operates in response to
this electrolytic load.

Thorson (1968) measured the body water in
sub-adult Com. mydas and C.m. agessizil and
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determined ite apportionment among the major fluid
compartment&. Both subspecies were similar in
baving total body water account for sbout 64% of
body weight,

For some aspects of diving phymiology, see
seotion 3.41.

3.5 Post—-hatchling movementg and basking
behaviour

3.51

Developmental migrations

Developmental migrations may be a natural
part of the life cycle of the green turtle,
although little is known about the subject. A
non-breeding populetion ranging in weight from 5
to 52 kg appears on the feeding pastures off the
upper west coast of Florida in April and disappears
in November (Carr and Caldwell, 1956). This
population iz made up chiefly of sub~adults and a
few juveniles. The Florida pastures may be & stop
in the developmental migration of turtles which
hatch on the rookeries of Mexico and the Yucatan
Peninsula. Sub-adults are also taker between
March and November in the state of Sonora; Mexico.
Carr (1961) draws a parallel between this Sonoran
colony and the fleet of young individuals which
appear off the west coast of Florida. Schmidt
(1916) may have been describing a developmental
migration vhen he said ,"Whether the greemn turtle,
the species most commonly caught, breeds in the
Denish West Indies, or whether it first arrives
there as specimens ; 20-30 cm in length is,
strangely enough, unknown, and it is a matter of
great importancet.

An itinerant population of sub—adult green
turtles is found near Bermuda and is probably
carried there by the Gulf Stream (Mowbray and
Caldwell, 1958). A juvenile and sub-adult
(lengths 22.5 and 42.5 cm) have been recovered
on the beaches of Long Island, N,Y, (Lathem,
1969), but apparenily were waifs.

3.52 Dispersal and remigrations

Most adult green turtles customarily make
geasonal itrips between feeding pastures and breed-
ing grounds, and gome of these movements may
encompass thousands of km (see seciion 2 and 3.1).
Fig. 12 shows some places where adult femeles have
been recovered after having been tagged on their
nesting beaches. All the arrows in the figure do
not indicate location of feeding pastures, or
routes of travel, but they do indicate the
magnitude of the spread from three major nesting
beaches and thus give an indicetion of the "total
range®” of at least some individuals in the
population. The two best studied vemigration
patterns are those of the Tortugusro and Asoension
Island colonies,

From 4,200 mature green turtles that have
been tagged at the Tortuguero rookery; there have

been 175 international recoveries (Carr, 19670)«
Most of the recaptures have been made on the
feeding pastures off the Nicaraguan coast.
individual was recovered in Trinided, some
2,400 Jm from the gite of tagging. Two -
individuals marked on the Tortuguero beach were
later taken about 800 km sway in Colombia., It
was ocalculated that the minimum speed of iravel
for one individual over & 34~day pericd was
2305 km per day end that the second turtle
travelled a minimum of 21.6 km per day over &
37-day period (Carr end Ogren, 1960). It now
appears that two main fleels converge upon

One

Tortuguero to nest~one comes from the south

(i060y from Panams and Colombia) and the other
from the Migkito Cays and Nicaraguan coast
(Carr, 1967b). One of the most smazing facts
pieced together from tagging work is that the
Tortugueroe turtles return to the same segment
of beach %0 nest, after absences of from two %o,
four years (see section 3.716).

Some 556 turiles have been tagged while
nesting on Ascension Island and ten have
subsequently been recovered on the feeding
pastures off Brazil, a dispersal of some 29240
km (Carr, 1967c). These turtles also show a
propensity to return to specific, small beaches
on Agcension for nesting (Carr, 1965).

Mive females tagged on Musa and Sharma
beaches in Southern Yemen have been recaptured
on the east coast of Somalia (Hirth and Cexr,
1970). Assuming that the turtles swam with
the prevailing surface currents, +the longest
recapture would constitute a movement of about
3,200 Xm (i.e., rom Sharma to Chisimayo around
the Gulf of Aden). Minimum rate of travel for
two Yemeni greem turtles was computed at 22.4
km per day for 85 days. '

Pritchard {1969) reported that one green
turtle tagged in Surinam was recovered in Brazil
after having travelled adistance of about 1,600
Im in six weeks. Schulz (1969) also disclosed
the recovery of two Surinam turtles in Brazil.

It thus appears that the turtle grass pastures
off the coast of Brazil are the feeding grounds
for two distinet nesting populations, viz., the
Ascension Island nesters and the Surinam nesters.

Harrisson (1960) stated that a female
tagged at Talang Besmar; Sarawak in 1953 was
recovered in 1959 in 2 net off Kimanis, North
Borneoo. This represented a dispersal of aboui
8C0 ¥m. '

Hendrickson (1969) reported that two greeus
4ngged on Frenoh Frigate Shoals were later raoap~
tured in the main Hawaiian Islands about 800 km

SE; and that two individuals marked at Pearl amd
Hermes Reef were resighted on French Frigate
Shoals — again a movement of about 800 km ESE,

Green turtles tagged on Heron Islend,
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Queensland, have been recaptured in Papua and New
Caledonia %Busta.rd, 1969¢) .

Montoya (1969) found a general movement north
along the Mexican coast after oviposition.

1% is postulated that the green turtles
nesting on the southern atolls of the Seychelles
Iglands remigrate there from feeding pastuves off
the East African coast and from the Mozambique
Channel, although there have never been any tag
recoveries to subsitantiate this. Large numbers
of green turtles, including juveniles, are seen
off the beaches in Tongaland, but they do not, breed
there (Hughes, 1969b).

In some of the earliest tagging experiments,
Schmidt (1916) released 65 marked greea turtles
of verious sizes around St. Thomag and St. Jan in
the West Tndies and recaptured 14% from three to
eleven months later. Most recoveries were made
Just. & few kg from sites of release. The longest
movement recorded was about 80 km and this
individual was vecapbtured ten months after being
tagged. Schmidit concluded that young individuale
are rather stationary.

Carr and Sweat (1969) report that a yearling
green turtle tagged and released in the lower
Florida Keys on 17 October 1967 was retaken on 15
Hovember 1968 off Cape Hatteras, North Carolina.

Oliver (1955) made 23 observabions on an
adult green turtle as it cruised leisurely in &
large salt water stockade and he reported a
cruiging speed of 1.4 to 2.2 km per hour. Various
swimming patbterns of captive bturtles are further
described by Parrish (1958).

3,53 WNevigstion and orientation

The gbility of green turtles Ho navigate (=
2bility to initiate and mainbain directed movement
independently of learned landmarks) across vagh
expanses of feabuveless ocean is ome of the most
intriguing aspects of their biologye

Working with six loggerheads displaced off the
Florida coast, Cayr (1962a) was able to show that
gt least the initial movements of some individuals
were non-random. In the game papery; Carr discusses
the value of telemetry inunravelling the mysteries
of open~sea navigation.

The evolution and remifications of the
Ascension-Brazil pettern are discussed by Carr snd
Hirth (1962) and Carr {1962b, 1964, 1965, 1967a).
It is hypothesized thai the haichlings are carried
$0 Brazil by the South Equatorial Current and that
for adults returning to the island the shoxrtewb
roube would be directly eastward from the hump of
Prazil ageinst the same current. Evidenily food
would be available for the surface-swimming
natchlings, since according to Walford (1958}, the
surface waters of at least some branches of the

South Bquatorial Current ere quite fertile. At
places where the current diverges, there would
also be more nubtrient oycling through upwellings.
According to Carr (1967b) it would take a
hatchling about three weeks to get to Brazil
from Ascension.

The Ascension-Brazil pattern mey not have
originated under present physiographical
conditions, but may be an artifact of condinenial
drift. This idea is discussed by Carr (1967a}.
In this comnection, Myers (1967) has found that
the rish evidence supports the concept that the
final parting of Africa and South America, and
hence the origin of the South Atlantic Ocean,
$ook place at some time during the earlier half
of the Mesozcic.

carr (1965) considered celestial navigation
a8 & possible guidance mechanism in long-range
movements of the green turtle, but at leasi bi-
coordinate star navigation no longer seems t0 ba
a realistic hypothesis in view of the fact that
Ehrenfeld and Xoch (1967) found the Atlantic
green turtle to be extremely myopic when ite
eyes are out of water. However, other types of
navigation involving the sun or moon have not
yet been critically evaluated or tested.

Several types of orientation and navigatlion,
with special reference to the Ascension-Brazil
remigration,; are discussed by Carr (1967b)e
These include orientation based upon olfactory
cues; lighit-compass sense, magnetic sense,
perception of Coriolis force and inertial
guidance. He alpo discusses some of the problems
& green turitle would have to overcome in order tuo
navigate using celestial informatiion.

It would be informative to be able to irvack
g "fleet® of grsen turtles in their movement from
+the coagt of Brusil to Ascension - assuming that
they do travel in concert. PFuture research may
ghow that swimming together improves accuracy of
orientation,; especially when the goal im an
island. Hamilton (1967) has already discussed
this idea in relationship to avian remigrations
and has postulated thal orientation of a flock
of birds is more accurate than individual -
orientation; and that flocking may be helpful
4o Juveniles making the %rip for the first time.

Now that some older theories of non-visusl
navigation have beem resurrected (for review,
see Griffin, 1969), it would be worthwhile to
examine a2 green turtle’s sensitivity fo subtle
geophysicel and oceanographic cues; ie@ey °
forces which separately or synergisiioally could
provide a bi-coordinate grid. A4 step in this
direction has been itaken by Koch; Carr and
Barenfeld (1969). They postulate that olfactory
cues emanabing from Ascension Igland could be
rocognized by turtles off the Brazilian coasi
and thus play a part in the Ascension-Brasil
remigration. Homing studies are now underway on
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Figs 13 A redio-equipped green turtle. Such turtles mey be veeful in tracking
movements at sea. In one modification, the turtle tows a float containing
the gransmitter {photo courtesy A. Carr and Scientific Americany see Carr,
1965 '
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Ascension Island. Preliminary results indicate
non-random movements by a turtle out of sight of
fixed landmarks (Carr, pers. comm.),

Ridgway et al. (1969) studied sensitivity to
sounds in three sub-adult green turtles and they
found mazimum sensitivity in the region of 300 to
400 Hz. They conclude that the ear is clearly a
low-frequency receptor with a useful span of
probably 60 to 1,000 Hz, and fthey further state
that "both on land and in the sea, this ear no
doubt enables the animal to perceive many importent
signals". Ie it posasible that green turtles possess
some kind of sonar senpe?

It is most likely that +turtle navigation is
.a compogite process employing different senses and
based upon a multiplicity of cues.

Preliminary attempts at tracking turtles for
ghort distances have besn made with floats,
balloons and radio-telemetry (see Fig. 13). It
may well be that tracking turtles with earth-
orbiting satelliftes will be the only way to follow
movements with any great precision.

3,54 Basking

Some Pacific green turtles are known to bask
or rest on shore {see Fig. 14). The basking habit

has been reported from such widely scattered
Pacific localities ag Islas Rewvillagigedo, Hawaiian
Leewards and the Galépagos (Mellen, 1925; Wetmore,
1925; Grant, 1927; Carr, 1952; Kenyon and Rice,
19595 Parsons, 1962).

Fig. 14 Basking green turtles in the Hawaiian
Leewards (photo, courtesy E, Kridler).
Only Pacific turtles are known to bask

Several hypotheses have heen offered to
explain the basking habit among all kinds of
furtles, Cagle (1950), Neill and Allen (1954)
and Boyer (1965) suggeat that basking might be a
form of thermo-regulation, aid ecdysis, free the
turtle of ectoparasites or eliminakte epizocic
algae, Pritchard and Greenhood (1968? guggast
that basking aids in the synthesis of Vitamin D.
The habit may also aid digestion or it may be a
prelude to oviposition (but in the Hawaiian
Leewards male green turtles bask too)s  In the
Gulf of Carpentaria female green turtles bhask
during the mating season (Bustard, M3). It is
also possible that basking serves a social
functione

In view of the ever-expanding human popula~
tion (and the quest for food) basking aggregations
of green turtles are now at a disadvantage in
their struggle for survival. Basking has not
been observad in Atlantic green turtle populationsa
I1£ 4he hebit was not more widespread in earlier
years, its occurrence today in scme populations
and not others may be just behavioural polymor-
phisme

Green turtles, like all reptiles, are ecto-
therms, Hirth (1962) found that the cloacal
temperatures of adult, female, green turtles at
Tortuguero, Costa Rica, upon emerging from the
sea for oviposition, were very similar %o the
sea wabter temperature (average of turtle% 29.9°C3
range of sea waber temperature 27.5-28.5 C),
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4 POPULATION

41

Structure

4.11 Sex ratio

Natural sex ratios in green turtle populations
are virtually unknown. HNo studies have been made
which elucidate the sex ratios in clutches of
hatchlings and virtually nothing is known about
gex ratios in the juvenile and sub-adult popula~
tions. It is only when larger individuals are
caught on the feeding and breeding grounds that
biologists are able to glean something of the sex
ratios and these data are not entirely accurate.

Hirth and Carr {1970) provide evidence that
females ouwtnumber males on some of the feeding =
prastures off Southern Yemen. 4n overall sex ratio
of 56% females and 44% males is based on a total
of 4,376 individuals collected over a period of
geven years. The figures include sub-adults and
adults-

Caldwell (1962b) found that im Baja California
waters, over four sampling periods in which the
number of landed turtles varied from 104 to 465,
females comprised between 68 and 92% of the catch.
Presumably these were taken on the feeding pastures
snd were sub-adults and adults.

Carr and Giovannoli (1957) examined two
oargoes of green turtles caught on the feeding
pastures off Nicaragua between PFebruary and April,
end in one case there were 27 males and 56 femaless
in the second cargo were 105 males and 271 females.
The sizes were not given, but all were probably
sub-adults and sdults.

Expert turtle fishermen in the Kingdom of
Tonga have advised Hirth (MS) that females out—
mumber males in the feeding pastures off Tongatapu.

1% is common to see more males than females,
at least for part of the breeding season, off some
of the major nesting beaches. Reasons for this
are discussged in section 3.13.

4,12 Sigze composition

According %o Caldwell and Caldwell (1969),
the "scarcity of records of small turtles seen in
the ocean as compared with adult or sub-adult
individuals is a most intriguing and puszzling
circumstance. While the apparent rarity may result
from not looking in the proper places, it may be
that the lack of numbers is real. Considering the
high mortality of the very young, the rapid growth
of those that survive, and long life after reach~
ing maturity, it is quite possible for the
population to consist mostly of larger turtles".

Data relative to the mizes of nesting females
are given in Fig. 6. Sizes of grazing males and
females in the Gulf of Aden are given in Table IX.

4.2 Abundance and dengity (of population)

4.21 Average sbundance

It is estimated that about 10,000 femmles
make up the entire population nesting on the
Sarawak Turtle Islands (Banks, 1937; Parsons,
1962; Honegger, 1968).  Schulz (1969) estimatesn
that there are about 2,500 females in the entire
Surinam population. Carr (1969b) calculates
that about 6,000 females nest annually at
Tortuguero. Hirth and Carr (1970) estimate that
less than 1,000 females nest annually on Aldabri.
Dr. Bustard estimates the total bréedin% femals
population of the three common species (green,
flatback and loggerhead) in Queensland waters to
be not less than 75,000 (Anon, 1970g).

Relative sizes of other nesting populations
can be ascertained by referring to references
given in Table 17,

Cromie (1966) states that green turtles
represent sbout 20% of all turtles found
throughout the warm seas of the world.

4,22 Changes.in sbundance (mee section
5.4 for a discussion of the
significant decreases in sizes of
turtle populations)

4.3 Natality and recruitment

4.31 Reproduction rates

Details of egg production are provided in
seotiong 3,16y 3.17 and 3.2. Some of the
importdnt aspects of reproduction pertaining to
population studies are (1) a typical, adult _
female produces about 550 eggs each reproductive
season and this usually is every two or three
years, (2) some females may not retain reproduoc-
tive capacity throughout life, (3) at mome major
rookeries about half the eggs laid do not hatch,
ande (4) on high density nesting beaches some
incubating eggs are destroyed by turtles nesting
later,

4,32 Factors affecting reproductions
see sections 3 and 4.5

4:33 Recruitment (Some factors

determining recruitment such as

growth and seasonal movements

are discussed in sections 3.4

and 3.5)
4.4 Mortality and morbidity
4.41 Mortaelity rates: see section
3.22 and Fig. 9
4.42 Factors causing or affecting

mortality (Predation on eggs,
young and adults has been
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discussed in sections 3.17, 3.22
and 3.34. The direct and indiredt
effects of fishing are discussed
in asection 5)
4.43 TFactors affecting morbidity (Some
parasites are listed in section
3,35 and chelonitoxication is
discussed in section 3.44)

4.5 Dynemics of populations (as s whole)

Bustard and Tognetti (1969) have produced a
model to ghow how nest destruction is dependent on
population density and how this provides a mecha~
nimm to regulabte population size {see Fig. 15).
The mechanism tends to keep a population within
certain limits. They state that "at a low popu-
lation density its effects are negligible; however,
if a population increased greatly, it would not
stay au the new level due to this mechanism, which
tends to restore the population to it® original
lavel.” They also postulate that the Barrier
Reef vogion of Australia may be the last place
wherse natural regulation of population size by the
mechanism of density-dependent nest destruction
can 8till be observed foday. This is becavse on
meny other nesting bsaches the spscies hag been
seriously overexploited and the population density
it below the level at which nest destruction by
turtles would operate as a regulatory mechanisme

Bugtard and Tognetti’s model would alpo seem
40 be operational for such sites as the Sarawak
Turtle Islands vhers many eges, if not dug by man,
would be desiroyed by turtles nesting later,

4,6 The population in the community and
ecos;{_q*cem

Green turtles ave large, egg-laying, marine

reptiles well adapted to their agquatic habitat,
but who periodically crawl onto dry land to lay
their eggs. At such times, when on their nest-
ing beach, they may be the dominant nocturnal
vertebrate of the strand association. Their
crawling and digging activities at least tempo-
rarily affect the beach topography and their
eggs end hatchlings are a source of food for &
variﬁty of predators (see mections 3.21 and
3.22),

The digtribution of adult green turtles in
the littoral and subliftoral zones of tropical
seas is directly reldted to their nesting
beaches, feeding pastures and perhaps ocean
currenis. long-range biennial or iriennial
negting remigrations across deep water are

$ypical for at leasi some members of some PO

lations, i.e.; the population of green turtles
in any gliven region may include two components,
a migratory group; and a group that remains in
the area year-round and nests on the nearest
optimel beach (mee mection 3.5).

The relationship of green turtles with
competitors in the "turtle grass community® is
discussed in mection 3.42. Most adults occupy
the second trophic level in a simple predator
food chain, viz., plant-turtls. Hatchlings and
small juveniles are chiefly carnivorous and
hence occupy at least the third trophic level
in ¢ predator food chalng vigz., green plant-
herbivore~hatchling.

The green turtle occupies a broad ecolo-
gical niche. This is partly due to the lack
of strong interspecific competition.
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Fig. 15 Model showing correlation of nest destruction with size of ‘urtle
population (from Bustard and Tognetti, 1969; Copyright, 1969, by
the American Association for the Advencement of Science)
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5 EXPLOITATION

S5¢1 Pighing equipment

5.11 Gears and methods

Indigenous methods of turtle fishing include
diving for them and using harpoons, spearguns,
$raps; seines; suckerfish and decoys.

Green turtles are usually caught on their
feeding pastures by using nets and meines. Carr
and Caldwell {1956) describe how turtle fishermen
secking juvenile and sub-adult individuals on the
greas pastures off the Qulf coast of Florida use
tangle nets from about 97 to 194 m long, 2.4 to
3 m deepy and with a 20.3 to 30.5 cm bar mesh.

Duncan (1944) describes how Cayman Islanders
capture turtles with nets on the feeding pastures
off Nicaragua, and Parsons (1962) further desoribes
how turtlers on the Nicaraguan pastures “"set their
nets over marked rocks to which the turtles
cugtomarily retire at night and wait for them to
become entangled in the nets when they surface %o
blow". Huxley (1962) gives a very brief account
of turtling by the Cayman Islanders.

The beach seines used by the Yemeni in the
Gulf of Adem to catch sub-adults and adults vary
from about 97 to 388 m in length and are up to
12 m deep with a 10 o 46 cm mesh (Hirth and Carr,
1970). According to Tressler and Lemon (1951) the
most popular form of gear for catching turtles is
the gill net,

Vaea and Straatmans (1954) describe turtle
netting on the pagstures in the Tonga Islands as
follows: "A fisherman, having located an area of
seaweed between the small, uninhabited islands,
drops his net in a straight line at right angle to
the flowing current and returns home. After two
days he goes back to retrieve his net and usually
finds turtles of all sizes caught in the net. In
a 50 by 12 ft net; as many as ten turtles can be
expected and often more, depending upon the length
and width of the net and the area where it is
dropped..

Yonge (1930) has described how natives used
to dive for sleeping turtles off the Great Barrier
Reef. Some of the ways of fishing for turtles in
the Trust Territory are described in the Anthropo-
logical Working Papers (1957).

Suckerfish or remora (Echeneis sp.) have been
used to capture turtles in such widely scattered
places as the South China Sea; northern Australia,
east coast of Africa and the Caribbean. Parsons
(1962) gives an excellent account of this extra~
ordinary custom.

Scuba divers use speargins to get green
turtles of various sizes in puch places as the
Seychelles Islands, Caribbean Islands, and some

South Pacific Islands.

Harpoons are widely used to capture both
gsexes when they congregate off the nesting
grounds. McCarthy %fsss) describes, in a popu~
lar way, how aboriginals harpoon furtles in the
Gulf of Carpentaria.

Schmidt (1916) described how the fishermen
in the Dutch West Indies used wooden decoys in
the shape of a turtle;, along with nets; to
capture green turtles. Wooden decoys are still
uged in several areas of Central America. They
are especially useful in attracting males.

On the nesting grounds adult females are
gimply “turned on their backs". This can be
done by one man. No special equipment is needed
to locate and dig up the eggs on the beaches,
although a2 straight stick to probe for the eggs
is useful.

Mechanized turtle hunting is becoming more
widespread. Two companies operate in the fesd-
ing pastures off western Australis and the
following account describes their methods
(Anon, 1969c): "Each licensed freezer boat has
several small 16-ft scooter catcher boats,
powered by 40 hp outboard motors. These scooter
boats operate within a one~mile radius of the
mother freezer boat, in the relatively shallow
water inside the offshore reefs, where the
turtles graze on the brown and green algae of
the rocky sea bed. When a turtle is located,
it is harpooned from the scooter boats as it
races through water from 3 to 8 ft deep. On
attaining a full load of about 10 turtles; the
scooter boats unload their catch on board the
freezer boat for processing. Turtles are gubted,
beheaded,; washed, drained and blast frozen.
Bach carcass weighs about 120 lbs dressed. When
the freezer boa’ attains a full load, usually
about 300 turtles teken in about three days'
fighing, it returns to port to unload its
catch®,

5.12 Boatss see preceding section

5.2 Fishing areas

5021 @eneral geographic distribution
Most green turtles are caught on their
feeding pastures, in shallow water just off the
nesting beaches, and on the nesting beaches

{=ee section 2).

5.3 Fishing seasons
5.31 General pattern of seasons: see

sections 2 and 6

5.32 Dates of beginning, peak and

end of seasons: see gection 6

and Table XI
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TABLE XI

Current regulations regarding the harvesting of green furitles and their eggs

Location

Regulation

Hewaiien Leewards

Hidway Islemd

Trust Territory of
the Pacific

Kingdom of Tonga

Fiji Islands

Rose Atoll,
Amerioan Samoa

Malaysia

Queensland,
Aastralie

Hexico

Coste Rica

FPanama

Surinam
Frenoh Guiana

Trinidad and
Tobago

Ascenaion Island

British Indian
Ocean Territory
and Seyohelles
Islands

Pacific Ocean and adjeoent areas
complete protection for 211 marine turtles and eggs
(Anon, 1968b; Hemdrickson, 1969; Laycock, 1970).
protection for turtles leBs than 60 cm in carapace lengthe

full protection for turtles and eggs on shore; and in the water for turtles
with carapace length less than 61 cm (Wilson, 1969).

following regulations now waiting approvel by Government: complete year-sround
protection for eggm ahd for turtles with carapace lengbh more than 87.5 omg
protection for all turiles of all sizes from 1 November to 28 Februwary; han on
the gale or export of any turtle shell greater than 87,5 omy complets protes
tion for the leatherback of all gizes at all times.

szme regulations as for Tonga, awaiting Govermment approval,
complets protection for turiles and egese

complete protection for mesting turtles;
eges (abowt one million ennually); March is cloged season for egew in Sshah
(Harrisson 1950-1969; Hendrickson, 1958; de Silva, 1968, 1969b),

full protection for all marine furtles and egge (Bustard, 19694),

Government controls harvegting of

Aflantic Ocean and adjacent areas

full protection for eggsy permit regquired to teke turtles during open seasons
on Pacific coast closed season generally extends.from 1 June through 31 October;
on Gulf coast closed season extends from 1 May through 31 August,

adults and eggs fully protected on nesting beaches; and protection for turtles
within 4,8 lm of nesting beaches (but harpooners can operate beyond this limit).

full protection for the green turtle (Myers, 1970).

complete protection for wnesting turtles and eoges on some of the major nesting
beaches (see text),

protection for adults and eggs during Mey, June, July (Anon 1969i;
Pritchard, 1969).

protection for turtles and eggs from 1 June through 30 September,
full proteciion for turtles and egss,
Indian Ocean and adjacent areas

complete protection for turtles and eggs (but see text).
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5¢33 Variation in date or duration of
season: see Tables II, IIT and
section 6

5.4 TFishing operations and results

Of the seven species of marine turtles, the
green turtle is of the greatest economio value to
men. Its flesh, eggs, and Ycalipee" (= cartilage
used to make soup) have been eaten for cenburies.
Now the growing market for its skin and oil, coupled
with the even greater need for animal protein
egpecially in the %ropics, places this reptile in
en especially important but precarious position.
Carr {1952) oalled the green turile "the most
waluable reptile in the world,®

The nunbers of turtles caught on the feeding.
pastures as well am the numbers of females taken
from the nesting beaches have declined rapidly in
the current century. Parsons (1962) provides a
comprehensive cultural and historical survey of
man's attitudes toward the flesh and eggs of the
green bturtle.

In some countries bordering the South China
Seay; eggs rather than turtles are harvested. Banks
(1937) reported that the Serawak Turtle Tslands
ylelded 2,119,912 eggs in 1927 and these had a walue
of U.S. 3v050’ 0f these, 70% were consumed or
sold locally. Im 1935, 98% of the 924,000 eggs
collected {value U.S. $7,769) were consumed locally.

Harrisson (1962b, 1962d, 1965a, 1967b) has
documented the decline of green turtles in Malaysia
through an analysis of egg-harvest records. He
points out that in the thirties a year with over
two million eggs was commonplace, while in the
early and middle sixties a year with less than
three-quarters of a million {only 99, 307 in 1966)
was commonplace. He speculates that the reasons
for the decline to be both local (i.e., disturbance
of nesting females; increased small boating
activity off nesting beaches) and international
(i.es, large steamers and mechanized fishing fleets
in area; catching adults at sea) s '

During the peak months of nesting on Langawan,
one of the Philippine "Purtle Islands', about
45,000 eggs are collected and sold each month
(Domantay, 1952-53). The same number of eggs, or
more, are harvested on at leagt two other islands
in the group. Fisher, Simon end Vincent (1969)
estimate that one million eggs are collected
annually in +the Philippines.

In recent yearsy; two western Australia process-
ing companies have undertaken commercial exploita~-
fion of the green turile off the coast of western
festralia (Anon, 1969c). The areas fished comprise
the territorial waters extending along the coast-
line for approximately 160 km north from south
latitude 23°10%. 1In 1968 and 1967, respectively,
the export of processed turtle meat from western
Augtralia was about 164,558 and 135,922 kg. The
fishing season generally commences in June or July
and terminates in September or October.

Parsons (1962) has documented the over-
exploitation and demise of green turtles in
various parts of the world, specifically in
Bermuda; Dry Tortugas, the Caribbean Sea and in
the Indian Ocean. The decline of the green
turtle population in the Seychelles has been
commented on more recently by Honegger (1967),
Gaymer (1968) and Hirth and Carr (1970).
According to Acharji (1950), green turtles off
Ceylon are netted between November and March,
and the annual catch is around 1,000,

An estimate of the economics of the green
turtle fishery in some areas of the western
hemisphere is provided by Ingle and Smith (1949},
Statistics show that about 2,000 turtles were
canght annually in Coste Rica from about 1930
$0 1948. Twenty-five men were engeged in the
fighery in 1948. These men ceught turiles on
the nesting beaches between June and September.
The value of gea turtiles exported from Costa
Rica over & i5~-year period varied from $9,161
in 1937 o $900 in 1942,

Murphy (1925) reported that a turtle fishe
ery wag operated from time to time out of Pisco,
Peru. Its existence today is unknown.

Caldwell (1963) gives a historical summary
of the turtle fighery in Baja California.
Harpooning is the most common method of taking
turtles in that area and the fishery operates
year-round. Hubbs (1960) also mentions the
turtle fishery operating in that area. Townsend
(1916) reported a catch of 162 green turtles in
a single haul of a gseine 90 m long in San
Bartolome Bay in the Gulf of Califormia on 11
April 1889, They were reported to nest in
April and May.

The average unnual harvest of C.m. mydas
from the east coast of Mexico between 1963 and
1967 was approximately 225 t (R, Marquez, pers.
comm.). The mear annual harvest of C.m,
cerrinegra off western Mexico between 1963 and
1967 was about 5,300 t (R, Marquez, pers. comm,),

The development and decline of the green
turtle fishery in the Gulf of Mexico, Caribbean
and British Hondurss hag been discussed by Ingle
and Smith (1949), Westermann (1953), Carr (1954),
Smith %1954;, Caldwell and Carr (1957), Carr and
Ingle (1959), and Weill and Allen (1959). Carr
(1954) stated that “more than any other dietary
factor, the greem turtle msupporited the opening
up of the Caribbean®,

An indication of the former abundance of
green turtles around the Bahamas and Cuba is
given by Catesby (1743).

The commercial catch of turtles (almost all
gresn) in Hawaii in 1969 was 4,625 kg (value U.S,
$2 ,320). These figures should be considered
minimal because many more are taken but not
veported,
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Between 1953 and 1967 up to 262 green turtles

have been sold amually in Papeete, Tohiti.

The Fijian's fondness for greem turtles is
well-documented in archaeological excavations

(Gifford, 1951).

Parsonz (1962) estimated that between 15,000
and 20,000 green turtles are taoken annuslly
supply commercial markets. Reese (1917) mentioned
that in one year 15,000 were imported into England.

The catches of marine turtles have inoreased

significantly in recent years (FAO, 1970).

to

The

reported calches of sea turtles of all species
increased from 20,000 metric tons in 1964 to 36
and 33 thousand metrio tons in 1967 and 1968,
respeotively., Whether these inoreases are real
or due to better ooverage in more recent years

iz unknown, Japan and Mexico together accounted
for 95% of the landings (of all epecies) in 1968,
The breakdown by species is mnot knowny, Yut groeens
ridleys and hawksbills probebly acoount for mest
of the landings,

All the available evidence indicates that
green turtle populations are slow to reoover frocm
overexploitation,
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6 PROTECTION AND MANAGEMENT

6.1 Regulatory (legislative) measures

6.11 Limitation or reduction of total
catchs gee Table XI and following
sections

6.12 Protection of portions of popu-

lation

There are striking differences among various
countries regarding protection of green turtles.
There are no regulations at all pertaining to their
capture on the high seas. Current regulations,
that were available to the author, are set out in
Table XI, Various other recommendations and the
philosophy behind some of the ordinances are
discussed in the following regional sub-gections.

Pacific Ocean and adjacent areas

It should be noted that the new Tonga and Fiji
resolutions (see Table XI) will provide protection
for all eggs and for animals above a certain size
rather than below a certain size. The philosophy
behind these ordinances is geared to the belief
than an adult turtle remains reproductively active
for a considerable number of years and protection
of adults and their eggs should in time produce an
increase in the population. Turtle populations in
Fiji and Tonga should be monitored after these new
laws go into effect since the ordinances may serve
as models for other areas in the South Pacific.
(In Tonga and Fiji the carapace is measured along
its archj straight line measurement would place
the legal size a few centimetres below 87.5 cm).

As far as is known, the eggs are generally
eaten in Thailand, Indonesia; Burma,; Borneo and
the southern Philippine Islandsj adults are
preferred in New Guinea and Melanesia (Penyapol,
1958; Parsons, 1962; Harrisson, 1962d; Somadikerta,
19683 and Anon, 1969d).

Atlantic Ocean and adjacent areas

In September and October 1969, representatives
from Costa Rica,; Nicaragua and Panama met in San
José and agreed to suspend all turtling for a
period of three years af'ter which reappraisal of
the status of the resource would be made and
appropriate international controls could be
established (Anon, 1970a; Carr, 1970a). If
successful, this will be the first significant
international agreement on sea turtles.

About half of the big rookery at Tortuguero,
Costa Rica will be enclosed in the new Costa Rica
National Park (Anon, 1968c; Anon, 1970h).

Complete protection is provided for adults as
well as for eggs on some of the major nesting
beaches in Surinam (Pritchard, 1969). On other
beaches in the country; adults and their eggs are
protected only during certain seasons. The Galibi

nesting grounds in Surinam were declared a
nature reserve in 1969 (includes Eilanti,
Baboensanti, Pruimenboom and Galibi beaches).
Local Caribs, however, are allowed to take a
certain quota of eggs each year.

Indian Ocean and adjacent areas

Legislation recently passed by the
Seychelles and British Governments (August,
1968) provides complete protection for hoth
sexes and eggs throughout the Seychelles Islands
and the British Indian Ocean Territory. Today

there are no big, concentrated nesting places

in the Seychelles Islands, although in the last
century Aldabra was one of the biggest green
turtle nesting grounds in the world. The
general ecology of Aldsbra and its potential
role as a site for a biological research station
(in contrast to its proposed role as a military
landing strip), have been discussed by Stoddart
(1967, 1968a, 1968b) and Beamish (1970). Brief
descriptions of the Aldabran rookery are
provided by Abbott (1893), Keynes (1959) and
Hartmest (1967). As in other places where the
green turtle exhibits pronounced migratory
patterns, the Seychellois are concerned over
the fate of their turtles which now receive full
protection on Seychelles beaches but which
migrate elsewhere to feed and apparently get no
protection (Anon, 1970d). The same situation
led recently to the Tripartite conference among
Panama, Costa Rica and Nicaragua (see preceding
section).

In and near the Malagasy Republic,
instituted turtle reserves are located at Nosy
Anambo, Nosy Iranjas Nosy Trozona, Nosy Ve,
Chesterfield Islaud and Buropa Island. On” some
other beaches in the Malagasy Republic it is
forbidden to take sea turtles when they are

laying.

In Southern Yemen, green turtle flesh is
mainly & commodity for export. In view of a
growing export trade and possibility of over—
exploitation, the Government of Southern Yemen
was advised to limit the annual catch to 1,000,
of which not more than half were to be females;
and., to provide complete protection for nesting
females and eggs on the major rookeries in the
eagtern provinces (P40, 1968). Whether or not

~ these recommendations have been adopted by the

Govermment remains unknown.

Although there are no marine turtle con-
gervation laws in West Pakistan, the green
turtle rookery at Hawke's Bay seems in no
imminent danger because local religious customs
forbid eating of turtle flesh and very few
indigents eat turtle eggs.

In September; 1968,the new African Conven-
tion for Conservation of Nature and Natural
Regources was signed by 38 heasds of state or
their representatives. All marine turtles are
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placed in "Class A" which is defined as follows:
“Class A species shall be totally protected through-
out the entire territory of the contracting states,
and the hunting, killing, capture or collection of
specimens shall be permitted only on the authoriza-
tion in each case of the highest competent authority
and only if required in the national interest or

for scientific purposes®. Curry-Lindshl (1969)
describes the events leading up to this African
conservation convention.

6.13 Current status of the resource and
action programmes

The green turtle is currently listed as a
"depleted species™ in the I.,U.C.N. Red Data Book
[Honegger; 1968). Consequently, at least for the
present time, the keeping of green turiles as pets
should be discouraged (cf. Murphy, 1968). Chelonia
mydag is listed as a "“peripheral™ species in the
1968 edition of Rare and Endangered Fish and Wild-
life of the United States (Anon, 1968a), and is
included on Ziswiler's (1967) list of the most
gravely threatened animalse

The green turtle (and all other marine turtles)
was mentioned repeatedly in conservation resolutions
adopted at the Second International Congress of the
World Wildlife Fund which met in London in November
1970,

Many pleas for the wise management and conger-
vation of green turtles have been made. Some of
the more recent are those of Anon (1959), Hillaby
(1965) y Pritchard (1966); Carr (196Tb, 19694, 1970b),
Bertram and Bertram (1968), Dumont 51969), Harrisson
(1969b), Honegger (1969) and Crowe (1970).

In 1933 Moorhouse emphasized that much has
still to be learned about green turtles, especially
the sex ratios in the nest, survival rates, where
young spend their lives,; and growth rates. TForty
years later biologists still kwow very little sbout
these four facets in the life of the green turtle,
all of which are needed in order to establish
rational management programmes.

Major action programmes recommended by & group
of sea turtle conservationists meeting in Morges,
Switzerland (10-13 March 1969) included (1) increased
ineubation ‘and hatchling programmes, using proven
techniques, (2) study and analysis of world
exploitation patterns, (3) a broad information
programme, (4) beach surveys where data are lacking,
followed up by expert advice as required; and (5)
establishment of special sanctuaries under
gecientific management. The recommendations received
much publicity (for example, Anon; 1969h; Anon,
1970b; and Anon, 1970c).

It is this author's opinion that in addition
to the recommendations given above; major research
thrusts should be directed toward population
dynamics, productivity and studies on the ontogeny
of orientation.

The establishment of breeding sanctuaries
is certainly one way to perpetuate the stocks.
Ascension in the South Atlantic, Europa and
Aldabra in the Southwest Indian Ocean, Rose
Atoll in the South Pacific and French Frigate
Shoal in the Hawaiian Archipelago are good
examples of such breeding reserves.

A series of marine national parks could
also be established in key places where marine
turtles are especially abundant. Kenya, for
example, has two marine parks and is considering
a third (see Randall, 1969, for discussion of
marine parks).

The problems manifest in greem turtle
management and conservation are indeed complex.
Factors that must be considered include turtle
biology; local customs and religions; demo-
graphic trends; economics; federal regulationss
and, perhaps most important of all, interna~
$ional cooperation. The fact that fishing
Jjurisdiction claimed by nations varies from
gbout 5 km to 321 km complicates any rational
plan for the management of any marine turtle.

6,14 Public education

Because education plays a large part in
any conservation and management programme,
there should be more pictorial accounts like
Jacques Cousteau's three film loops on the
reproductive biology and conservation of the
green turtle (available from Oceanography
Unlimited, Lodi, New Jersey) and more films
like the excellent turtle conservation film
produced in Sabzh and shown on television
around the world (Bill Burrad Television Co.,
Los Angeles, California).

"Solomon, the Sea Turtle® is a semi-
documentary film which portrays the homing
prowess of a green turtle (see Anon, 1969e).

6.2 Control or alteration of physical
features of the environment

The encroachment of vegetation and the
accumulation o debris on some nesting beaches
has been mentioned in section 3.16.

A study of the physical parameters of good
turtle pasture is needed (mee sections 2.22 and
3.42)

Bustard and Greenham (1968) found that on
‘the Heron Island beaches not all egg chambers
dug are successful. Failures are caused by
obstruction of the digging action of the turtle
by large or thickly matted tree roots and by
collapse of the egg chamber sides due to
insufficient support of the sand.
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6.3 Control or alteration of chemical
features of the enviromnment

According to laboratory experiments of Busterd
and Greenham %H968), green turtle eggs are able to
hgteh in chloride concentrations very much greaber
than ‘those occurring in the natural egg chamber.
Chloride concemtration is noty therefore, a
limiting factor in incubation success except for
those few nests which are laid below the epring
high tide mark. Bustard and Greenham also declare
that they have successfully incubated many turtle
eggs in coral sand molsgtened only with distilled
water.

6.4 GControl or alteration of biological
featureg of the environment

A variety of species menagement programmes
are in existence (see section 6.12)e

Hendrickson (1958, 1961) believes that
exploitation of eggs has a much less adverse effact
on turtle populations than slaughter of aduld
females and that the exploitation for egge im more
profitable in terms of humeun nutrition than is
exploitation for flesh and fat. Hendrickson®s
girategy of harvesiing turtle eggs rather than
meat can be briefly summarized as follows: the
adult female has = high reproductive potential
a2nd the species iz adapted to sustain enormous
losses at the very early stages of its life. The
haxrvesting of eggs constitutes exploitation at &
stage when the species is adapited to withstand
such losses. The individuals which do survive to
adultheod presumably remain reproduchtively active
for a considerable number of years. If the average
female experiences more than three breeding seasons
in a lifetime,; then the weight of protein available
in the form of eggs would exceed the weight
available in the form of flesh and fat. 'The
elegance of Hendrickson's scheme.at least in
Malaysia, revolves around the fact that it is also
in harymony with local customs and religion.

Hendrickson and Alfred (1961) estimated that
about two million eggs constituting something over
50 + of high grade protein were consumed each year
in Malaysiz and they also stated Upreliminaxry
studies have indicated that as little as 2 or 3%
of the nests; handled properly; could probably
provide sufficient recruitment to the wild popu-
lations to keep them at their present level,
provided other circumstances remain unchanged®,

Since in some areas of the tropics sbout half
of the eggs which are laid do not hatchy; it would
be of immense wvalue to devise a method of
distinguishing fertile from non-fertile eggs.
These non-fertile egge could then be ubtilized for
human conswmption.

Carr (1967b) stated that after over 2 decade
of research at Tortugusro, Costa Rica, more green
turtles are nesting now than in previous years,

chiefly because of the incressed habtchling yleld.
At Tortuguero adulis ave taken for local
consumption and eges are seldom harvested.

Although 1little is lmown regarding the
numbers of males in & natural populstion, it may
bhe that some of the hunting pressure on femalen
could be relisved by cropping surplus males.

6.5 Arbificial shocking

More than 100,000 heitchling green turtles
from Torfuguere have been distributed to 28
different localities in Central snd Soubth Ameriocss

Mexicoy, West Indies, Bahamas, Florida and Texus

by the Caribbean Conservation Corporation (Dr.
Archie Carr, Technical Director) in hopes of
replenishing turtle stocks. Most of the
releases are on sites where green turtles
formerly nested in abundance. Batches of
hatchlings are released with the hope that they
g0 back to the place released =-drawn there by
some kind of sensory imprinting to taste, smell
or feele To date there are no indications of
definite success; however; at mome release sites
it appears that some of the hatchlings are stoy-
ing on and establishing resident populations
{Carry; 1967b). A pictorial account of the
restocking programme ixn the Caribbean is given
by Parsons {1962) and Marquez (1966). Restoclc-
ing programmes in Floride have been disoussed

in a popular fashion by Stephens {1968).

The "Brotherhood of the Green Turtle” is o
loosely knit group whose efforts to ssve the
green furtle led to the founding of the Caribbean
Conservation Corporation.

Turtle hatcheries also operate in Malaysis
and Augtralis. Harrisson (1950-1969) describes
the long established hatcheries on the Sarawak
jvrtle islands. In 1968 more than 100,000 eges
were dug up and reburied in the Subah hatchery.
An egg hatchery has been in operstion for
several years in Australia (Bustard end Greenham,

1968) .

The current practices are to release
hatchlings either on the beach or in the water
both in the daytime and at night. Some sre
reared for several days or weeks and then
released in the sea Jjust off the rookeries.
This latter procedure reduces mortality Lrom
littoral predators. However, what effects
holding hatchlings in ceptivity and then
releasing them at sea have upon their natural
behaviour patterns are unknown.

At the present time the basi (and simplest)
method of natural stocking is to provide
protection for nesting females, egps and
hatchlings on the rookeries. If predation on
eggs and/or habchlings is high and connot be
controllied, and in those few places where nesting
dengity is so high that late nesters destroy the
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nests of their predecessors; then the establishment or o release them from boats offshore, therehy
of centralized egg hatcheries on the nesting beach . eliminating littoral predation, this author

is justified. Hatchlings produced in these . favours the former because it most nearly
hatcheries should be released as soon as possible approximates the natural behaviour of the animale.
after emerging on the surface. Although, as

previously mentioned, the methods of releasing The transplanting of eggs or hatchlings
hatchlings are debatable, j.e., whether to releases outside their natural nesting areas should be
them on the beach and let them crawl to the sea, discouraged until some evidence of success is

obtained in the Caribbean resiocking scheme.
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7 TURTLE MARICULTURE

Green turtle ranching and farming ave still

in the pioneer stages of development. True turtle
farming implies that the unit is completely
independent of wildatock (turtles live and mate
under controlled conditions and lay eges on man-
made beachem). In furtle renching the wuit is
dependent upon wild populations for egge end the
turtles are kept in verying degrees of captivity
do0oy from free-living individuals in fencedw-off
pigtures o complete conteinment in concrete pools).
Howbd turtle biologiste believe thel burtle renching,
if attempted at all, should be only o temporary
sohemey the reason belng that nebursl populations
will not withetend condinual Vparesitizetion® of
ite egges Carr (1969a) pointe ows another
deloterions effeot of the premature spread of
turtle marioulture and that is the rise of new
markets and high prices before the volume produce
tion nevessary to satisfy demands end relieve
presgsure on netural populetions 1s schleved. Neede
lenn to sayy; the ultimebe in turtle mardouliure le
forming = uping proven teckmigues of agrloulture

end enimal husbandry. Initdel abbempits at turtle
agquaculiure should be on & small soale and shonld,
he conduoted only if seientific expertise is
avallable.

dome of the factors which must be considered
before initiabing a turtle farm (or ranch) are the
followings long-term finencing, elimination of
predetors and compebitors in enclosures and on
nesting beaches, protection from pollutants and
poachers, availability of vebterinarians o sdvise
on disease problems, year-round availsbility of
natural food (in nature, green turtle hatchlings
ere chiefly carnivorous and adulis ave herbivorous),
growth rates obtainable with commercial feed, water
and sanitary requirements, optimum density, ‘
pollution abatement, transportation to processing
plants, expertise on how to utilize all tuzrile
products (flesh, oil, skin and shell) and facilities
to conduct scientific experiments concomitantly
with the commercial scheme,

Shelbourne (1970) describes some priorities
as far as marine fish cultivabion is concerned and
the same would seem to apply to turtle culture.

In addition to some of the factors mentioned above,
he describes the provisions of Yhigh quality® seed
stock and physico-chemical requirements.

Iversen (1968) describes some of the adventages
of mariculture including the control of predation
and artificial selection for rapid growth, high
fecundity and resistance to disease. He also
discusses current techniques of milkfish and mullet
culture and mentions the green turtle as & candidate
for sea farming.

Some general principles of aquaqulture along
with some of the problems and & few selective fish
zzaodelﬁ have been discussed by Bardach and Ryther

1968 ).

The feasibility of turitle ranching has been
mentioned in a general way by Schroeder (1966).
Ehrenfeld (1970) postulates that turtle ranching
may have some promise if the sub-adulte and
adults can be induced to stay on natural pasitures
near a farm without being penned.

Movbray (1965) reports that green turbles
mate regularly in the Weilidki Aquarium and that
eggs are dropped iln ‘the waters He believes thesd
they would depomit their eggs on a suliteble
artificlal beach if one was provided.

Pargons (1962) reports how young South
dmeriosn river turtles, Podocnemie expansa, have
been trangploanted into Lake Valenwia in the
Indean highlands and are growing end nesting
there. They awe also wiilizing artificlel
nesbing beaches that have been construcbed on
pome of ‘the islands of the lake.

Diamond=baclk terrapins have been reared
muocessfully in the United Staton mnd metheds
uged here may servo ns guldes for sea turtleas.
A brief model for terrapin ranching i given by
Ingle and Smith (1949).

Poevdemys moripba elegens have been favmed
for 17 years in the United States (Haga, 1970)
and. some of the methods developed in farming thie
ppecies might be adepted to sea turtles.

Pinchot (1970) discusses the poseibility of
enydching the lagoons of agtolls and raising
vardious animal species therein. His ideas merit
consideration and would be especially appliceble
in the South Pacific region.

It may even prove possible as well as
economical %o grow certain plants via hydroponics
for caphive furtles. Several large Furopean and
American zoos hawve employed these methods to
preduce green grasg supplement for zoo snimals.
The zoo keepers believe that high nutrition
grasses may also stimulate reproductive processes
and thus increase fecundity.

Preliminary experiments in Sarawak indicate
that the first six months are the most difficult
for r)ea.ring hatchlings in capbivity (Harrisson,
19568: °

Significant pilot attempts at rearing
loggerhead turtles in captivity (and resulting
owth rates) have been described by Uchida

ﬁ%?)»

A pilot turtle ranch has been established
on Great Inagua Island in the Bahamas, under the
ausplices of the Qaribbean Conservation Corporation.
Here about 1,000 ha of turtle grass pasture have
been walled in and habchlings have grown up to
3.6 kg in two years on a diet of conch {Carr,

1967h).
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Five small green turile ranches are now in
operation in Torres Stralt, Ausiralia under the
direction of Dr. H.R, Bustard {Anon, 1970fj
Bugtard, MS). '

A pilot turtle ranch {or farm) is also
operdbing in Cuba. Details are lacking.

At the present time a large turtle farm
(Mariculture, Lid., with about 40,000 turiles of
various sizes) is in operation on Grand Caymen,
Britigh West Indies. Initial reports indicate a
high degree of success in some aspeocts of the

operation. Popular accounts of Marioculiure are
provided by Gabler (1969), Anon (1969g) and
Anon {19693).

According to Scott {1970) there are meveral
major economic obstacles to the development of
marine aquaculture, including (1) the sbsence of
& strong demand for the high cost products of
aquaculiure (except for luxuries or Preshwater
carp) in spite of the rising world population,
and (2) the sbsence of propevty rights in nabural
waters and problems of intermational jurisdiction
on the high seag.
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