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Preparation of this Synopsis

This review is the first to collate and synthesize the
published data on the biology and management require-
ments of the loggerhead sea turtle. It is likely that much
additional information may be found in little known or
difficult to obtain unpublished reports or governmental
documents. With the publication of this synopsis, it is
hoped that those working on loggerhead projects will
be stimulated to publish their information and thus
make it available to biologists and resource managers
who need it to plan for the conservation of this threat-
ened species. General reviews of loggerhead biology
have been provided by Carr (1952), Ernst and Barbour
(1972), Hendry et al. (1982), and Nelson (1986). This
review follows the FAO synopsis format prepared by
Rosa (1965). The purpose of the FAO synopses is to
make available existing data to biologists and, by doing
so, to draw attention to gaps in our knowledge and thus
stimulate research in areas needing study.

Governments and conservation organizations
throughout the world have designated the loggerhead
and other species of sea turtles as vulnerable or threaten-
ed species in need of management in order to ensure
continued survival and evolutionary potential. The
widespread distribution of the species, its elusive life

i1

history, the many unknowns concerning its biology and
habitat requirements, and the global threats to the
oceanic ecosystem illustrate the complexity in for-
mulating effective management strategies.

I thank the many individuals who assisted me in
bringing together these literature sources, particularly
Kay Lindgren and Bert Charest of the National Ecology
Research Center. I especially thank the following who
generously donated reprints, translated articles, or
reviewed the manuscript: Mehmet K. Atatir, George
Balazs, Karen Bjorndal, Richard Byles, Heike Charest,
Nat Frazer, Carol Hahn, Terry Henwood, Kazuo
Horikoshi, George Hughes, Anne Meylan, Jeffrey
Miller, Larry Ogren, David Owens, Peter Pritchard,
J. Perran Ross, Hobart S. Smith, Rosalie Vaught,
Myrna Watanabe, Jeanette Wyneken, and George Zug.
Susan Strawn and Bert Charest prepared the figures.
Preparation of this synopsis was supported by a grant
from the Endangered Species Office, U.S. Fish and
Wildlife Service, Albuquerque, New Mexico. I thank
Jack Woody for arranging this support. This synopsis
is dedicated to the memory of the late Archie F.
Carr, Jr., who inspired me, as he inspired others, with
his love of and concern for these giant reptiles.



Abstract

This synopsis compiles and reviews the available of the loggerhead sea turtle, Careita caretta (Linnaeus
information on the identity, distribution, life history, 1758), a species threatened by exploitation and the
populations, exploitation, protection, and management alteration and destruction of its habitat.
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1. IDENTITY
1.1 Nomenclature
1.1.1 Valid name
Caretta Rafinesque, 1814
Caretta caretta (Linnaeus), 1758
1.1.2 Synonymy

Testudo Caretta: Linnaeus, Syst. Nat., ed. 10, 1758,
p. 197: “‘insulas Americanas,’’ (restricted to Bermuda
by Smith and Taylor, Bull. USNM 1950, 199, p. 16;
to Bimini, Bahamas by Schmidt, University of Chicago
Press 1953).

Testudo Cephalo: Schneider, Allgem. Naturgesch.
Schildkr. 1783, p. 303: unknown (restricted to Charles-
ton, SC by Smith and Taylor, Bull. USNM 1950, 199,

p. 16).

Testudo nasicornis: Lacépede, Hist. Nat. Quadrup. Ovip.
1788, 1, table Synopsis: ‘‘mers du nouveau Continent,
voisines de I’equateur,’” (restricted to Ascension Island
by Smith and Smith, Syn. Herp. Mex. 1980, 6, p. 302).

Testudo Caouana: Lacépede, Hist. Nat. Quadrup. Ovip.
1788, 1, table Synopsis (substitute name for Testudo caretta
Linnaeus 1758).

Chelone caretta: Brongniart, Essai Classif. Hist. Rep.
1805:27.

Chelonia Caouanna: Schweigger, Konigsberg. Arch.
Naturwiss. Math. 1812, 1, p. 279 (typographical error
according to Pritchard and Trebbau, Turt. of Venezuela
1984, p. 303).

Caretta nasuta: Rafinesque, Spec. Sci. Palermo 1814, 2,
p. 66: Sicily.

Chelonia cavanna: Oken, Lehrb. Naturgesch. 1816, 3,
p. 350.

Caretta atra: Merrem, Tent. Syst. Amphib. 1820, p. 17:
“Isularum Adscensionis.”’

Caretta Cephalo: Merrem, Tent. Syst. Amphib. 1820,
p- 18.

Caretta nasicornis: Merrem, Tent. Syst. Amphib. 1820,
p- 18.

Chelonia caretta: Bory de Saint-Vincent, Resume d’Erpét.
Hist. Nat. Rep. 1828, p. 79.

Testudo Corianna: Gray, Synops. Rep. pt. 1 Tortoises
1831, p. 53. .

Chelonia pelasgorum: Valenciennes, in Bory de Saint-
Vincent, Exped. Morée Zool. 1833, plate 6: beach be-
tween Arcadia and mouth of the Neda River, Greece.

Chelonia cephalo: Gray, Isis v. Oken 1829, 22, p. 201.

Chelonia (Caretta) cephalo: Lesson, in Bélanger, Voy. Ind.-
Orient. Zool. 1834, p. 300.

Chelonia caouana: Duméril and Bibron, Erpét. Gen. 1835,
2, p. 5533.

Chelonia (Thalassochelys) Caouana: Fitzinger, Ann. Wien.
Mus. 1836 (1835), 1, p. 128.

Chelonia (Thalassochelys) atra: Fitzinger, Ann. Wien. Mus.
1836 (1835), 1, p. 128.

Thalassochelys caretta: Bonaparte, Arch. Naturgesch.
1838, 4, p. 64.

Chelonia (Caouana) cephalo: Cocteau, in Cocteau and
Bibron in Ramon de la Sagra, Hist. Fis. Pol. Nat. Cuba,
IX, 1838, 1, p. 31.

Halichelys atra: Fitzinger, Syst. Rep. 1843, p. 30.

Caounana Caretta: Gray, Cat. Tort. Croc. Amphisb. Brit.
Mus. 1844, p. 52.

Caouana elongata: Gray, Cat. Tort. Croc. Amphisb. Brit.
Mus. 1844, p. 53: unknown (restricted to Ascension
Island by Smith and Smith, Syn. Herp. Mex. 1980, 6,
p. 303).

Thalassochelys Caouana: Agassiz, Contrib. Nat. Hist. U.S.
1857, 1, p. 384.

Thalassochelys corticata: Girard, U.S. Explor. Exped.
1858, 20 Herpetol., p. 431: Funchal, Madeira.

Chelonia corticata: Strauch, Mém. Akad. Imper. Sci.
St. Pétersb. ser. 7, 1862, 5(7), p. 19.

Thalassochelys elongata: Strauch, Mém. Akad. Imper. Sci.
St. Pétersb. ser. 7, 1862, 5(7), p. 63.

Thalassiochelis caouana: Nardo, Atti Inst. Ven. Sci. Lett.
Arti. 1864, (3)9, p. 1421.



Eremonia elongata: Gray, Proc. Zool. Soc. Lond. 1873,
p. 408.

Caretta caretia: Stejneger, Ann. Rep. U.S. Natl. Mus.
1904, 1902, p. 715.

Thallasochelys cephalo: Barbour and Cole, Bull. Mus.
Comp. Zool. Harvard 1906, 50, p. 148.

Caretta caretta caretta: Mertens and Muller, Abh. Senck-
enberg. Naturf. Ges. 1928, 41, p. 23.

Caretta gigas: Deraniyagala, Ceylon J. Sci. sect. B 1933,
18, p. 66: Gulf of Manaar, Ceylon.

Caretta caretta gigas: Deraniyagala, Tetrap. Rep. Ceylon
1939, 1, p. 164.

Caretta caretta tarapacana: Caldwell, Los Angeles Co. Mus.
Contrib. Sci. 1962, 61, p. 24.

Chelonia cahuano: Tamayo, Inst. Mex. Inv. Econ. 1962,
p. 373.

Caretta careta: Tamayo, Inst. Mex. Inv. Econ. 1962,
p. 373.

The synonymy is based on information from Bron-
gersma (1961), Wermuth and Mertens (1977), Smith
and Smith (1980), Cogger (19835), Pritchard and Treb-
bau (1984), Frazier (1985), and Wallin (1985). There
is considerable variation between synonymies.

Wallin (1985) argued that inasmuch as Linnaeus’
(1758) concept of Chelonia mydas included both Efret-
mochelys imbricata and Caretta caretta and that surviving
type material included both C. mydas and C. caretta, the
Linnaean species name caretta was not available for
C. caretta as currently recognized. He stated that the
name caretta was available in Walbaum (1782) and that
the correct citation should be Caretta caretta Walbaum,
1782. This interpretation was disputed by Pritchard
(personal communication) who contended Walbaum
was not describing Caretta but merely restating Lin-
naeus’ description.

The synonymy follows Yafiez (1951) and Frazier
(1985) in relegating material described as Thalasstochelys
tarapacona by Philippi (1887) to Lepidochelys olivacea.
Frazier (1985) provided a synonymy of specimens
previously considered Caretta from South America which
should henceforth be considered synonymous with
Lepidochelys.

1.2 Taxonomy
1.2.1 Affinities
- Suprageneric
Phylum Chordata
Subphylum Vertebrata
Superclass Tetrapoda
Class Reptilia
Subclass Anapsida
Order Testudines
Suborder Cryptodira
Superfamily Chelonioidae
Family Cheloniidae
- Generic
Genus Caretta (from Wermuth and Mertens
1977; Smith and Smith 1980; Cogger 19835)

Caretta Rafinesque, Spec. Sci. Palermo 1814, 2,
p. 66. Type: Caretta nasuta Rafinesque, 1814 (by

monotypy).

Chelonia (Thalassochelys) Fitzinger, Ann. Mus.
Wien 1835, 1, p. 121, 128. Type: Testudo caouana
Lacépede, 1788 = Testudo caretta Linnaeus, 1758
(by subsequent designation by Fitzinger 1843,
p. 30; explicitly proposed as a subgenus).

Thalassochelys Bonaparte, Arch. Naturgesch. 1838,
4, p. 142 (first use as a full genus).

Caouana Cocteau, in Ramon de la Sagra, Hist. Fis.
Pol. Nat. Cuba, IX, 1838, 1, p. 31. Type: Testudo
caouana Lacépede, 1788 (by tautonymy).

Halichelys Fitzinger, Syst. Rep. 1843, p. 30. Type:
Caretta atra Merrem, 1820 (by original designa-
tion).

Eremonia Gray, Proc. Zool. Soc. Lond. 1873,
p. 408. Type: Caouana elongata Gray, 1844 (by

monotypy).

? Pliochelys Portis, privately printed 1890, p. 17, 18,
30. Type: Pliochelys derelicta Portis, 1890 (by

monotypy).

? Proganosaurus Portis, privately printed 1890, p. 25,
30. Type: Proganosaurus pertinax Portis, 1890 (by

monotypy).

Both Pliochelys and Proganosaurus were described by
A. Portis, in a privately printed booklet, based on
Pliocene fossils in Italy. Pliochelys was described on the
basis of a small fragment of shell and Proganosaurus on
the basis of a single vertebra. Romer (1956), citing the



date of publication as 1891, questionably placed both
in synonymy with Caretta without discussion, while
neither was placed by Mlynarski (1976). Other authors
have aligned Proganosaurus with the pleurodires (see
discussion in Smith and Smith- 1980).

- Generic
Genus Caretta monotypic, see specific diagnosis.
- Specific

* Diagnosis. Two pairs of prefrontal scales; carapace
elongated, somewhat tapered posteriorly, and thickened
above caudal region; dorsal scutes not imbricate, except
in some young specimens; adult vertebral scutes smooth,
although small turtles have projections toward the rear
of lateral and vertebral scutes (best defined on verte-
brals); five pairs of pleurals, first contacting the pre-
central; usually three or four inframarginal laminae
enlarged and poreless; two claws on each flipper as
hatchlings; head very broad and triangular with power-
ful jaws; carapace reddish-brown; plastron yellowish-
white to yellowish-brown. Detailed descriptions are in
Deraniyagala (1930, 1939, 1953), Carr (1952), Lover-
idge and Williams (1957), Brongersma (1961, 1972),
Ernst and Barbour (1972), Hughes (1974b), Smith and
Smith (1980), Pritchard et al. (1983), and Pritchard and
Trebbau (1984).

1.2.2 Taxonomic status

The loggerhead turtle is a morpho-species.

1.2.3 Subspecies

Deraniyagala (1933) described the Indo-Pacific red-
brown loggerheads as C. gigas to distinguish them from
the Atlantic red-brown loggerheads (C. caretta) and the
olive-brown loggerheads (i.e., ridleys), which he also
placed within the genus Caretta. The diagnostic char-
acteristics of the Indo-Pacific red-brown species were
said to be the higher number of marginal scutes in
C. gigas (13 as opposed to 12 in C. caretta) and the greater
variation in the number of neural bones in C. gigas
(7-12 as opposed to 7-8 in C. caretta). Deraniyagala
(1939) later declared gigas to be a subspecies of C. caretta
after examining a series of museum specimens from a
wide geographic area, and at the same time resurrected
Lepidochelys Fitzinger (1843) for the olive-brown logger-
heads.

In 1943, Deraniyagala further subdivided Lepidochelys
into two subspecies, L. olivacea olivacea and L. olivacea

kempi, and reaffirmed the validity of C. ¢. gigas. All four
taxonomic entities were placed within Gray’s (1825)
family Carettidae to distinguish them from the family
Cheloniidae (Chelonia and Eretmochelys). [Note, however,
that Deraniyagala (1934) had previously used the family
Carettidae to include the genera Eretmochelys, Colpochelys,
and Caretta.] He later placed these four subspecies in
the subfamily Carettinae (Deraniyagala 1953), although
the first mention of the subfamily Carettinae actually
appeared in Deraniyagala (1952) without explanation
or subfamilial definition. Subsequent papers continued
to maintain that C. ¢. gigas was distinct from C. ¢. caretta,
although no new diagnostic characters were added
(Deraniyagala 1945, 1946).

The range of C. c. gigas initially was thought to in-
clude only the Indo-Pacific Ocean to Western Australia
(Deraniyagala 1933), but was later expanded to include
China and the East Indies (possibly based on misiden-
tified Lepidochelys; Nishimura 1967) and South Africa
(Deraniyagala 1939), west Africa (Deraniyagala 1943;
Villiers 1958 [who nevertheless expressed doubt as to
the validity of gigas]), the Pacific coast of Mexico (Shaw
1947), and Europe (Deraniyagala 1952). C. c. caretta was
considered to be the subspecies in the western Atlantic
region (Carr 1952), although Carr (1952) believed that
southern Africa marked the boundary between the
subspecies gigas and caretta. Deraniyagala (1952) con-
sidered redbrown loggerheads in Europe possibly to
have been derived from a breeding colony in the Azores
rather than rafting on currents from the United States.

The diagnostic characters used to distinguish C. c.
gigas from C. ¢. caretta are not valid. Brongersma (1961),
using data on marginals from Caldwell et al. (1959q),
Willgohs (1952), Cadenat (1949), Carr (1942, 1952),
Deraniyagala (1946), and Scott and Mollison (1956),
in addition to counts made on museum specimens,
showed that the average number of marginals varied
as follows: western Atlantic—12.62; western Europe—
12.71; Senegal—12.83; Mediterranean—12.57; Indo-
Pacific—12.78. Pritchard (1979) added counts of 11.07
for Mexican Pacific loggerheads and 11.44 for Japanese
specimens, although he did not count supracaudals.
Brongersma (1961), Hughes (19745), Pritchard (1979),
and Pritchard and Trebbau (1984) concluded that such
slight variation could not justify recognition of the two
subspecies, and the name gigas was rejected in the
checklist of Wermuth and Mertens (1977).

This conclusion is bolstered by the observations of
Coker (1910) who, after studying scute variation in
hatchling loggerheads in North Carolina, found ranges
between 12 and 15 and concluded that no definite



number of marginals could be considered normal.
Brongersma (1961) believed Deraniyagala failed to in-
clude counts of the supracaudals, which other authors
may have included, thus leading to the differences
reported in the literature. Some authors (e.g., Ernst and
Barbour 1972) continue to recognize C. ¢. gigas.

The number of neurals is also polymorphic, but a suf-
ficient sample size has yet to demonstrate that Atlantic
Caretta have consistently fewer neurals. Pritchard and
Trebbau (1984) reported an average of 9.1 neurals in
a sample of 11 Atlantic Caretta, the same value reported
by Deraniyagala (1939) for a sample of 12 Caretta from
Sri Lanka. Brongersma (1961) also concluded that the
number of neurals was probably a poor diagnostic
character since so few data were available over the range
of the species.

Smith and Smith (1980) proposed that the name
Thalassiochelys tarapacona, used to describe a new species
of loggerhead on the Pacific coast of South America by
Philippi (1887), had priority over the name C. ¢. gigas.
They relegated gigas to a junior synonym, and used a
misspelling of Philippi’s name for the new subspecies,
C. c. tarapacana (see also Frazier 1985). While acknowl-
edging Brongersma’s (1961) observations, they stated
that the literature was ‘‘now sufficiently massive to
Justify that the Indo-Pacific and Atlantic populations
are indeed differentiated at the subspecific level.”” They
distinguished the Indo-Pacific subspecies by a suite of
characters, including the following: vertebrals II and I11
relatively broad, supracaudals never longer than wide,
plastron much lighter than carapace in young, carapace
indented dorsal to hindlimbs, lateral keel over all the
costals, neck light with a dark vertebral streak, usually
three or more pleurals in contact mesially, usually nine
or more neurals, peripherals III not contacted by a rib,
and larger adults than C. ¢. caretta. Hughes (19745) and
Pritchard and Trebbau (1984) noted that none of these
characters has been confirmed and that there is no basis
for considering the Indo-Pacific loggerheads to be larger
than Atlantic loggerheads.

In addition, Yafiez (1951) and Frazier (1985) have
clearly demonstrated that Philippi’s (1887) description
was based on misidentified specimens of Lepidochelys
olivacea. Hence, the name Thalassiochelys tarapacana is a
synonym of L. olivacea and thus is unavailable for the
Indo-Pacific red-brown loggerhead even should sub-
specific status eventually be found warranted. Until the
characters identified by Smith and Smith (1980) can be
verified or until other significant differences can be
found in populations of Caretta, the species Caretta caretta
should be considered monotypic.

1.2.4 Standard common names

From Pritchard et al. (1983): loggerhead (English);
logrit (Caribbean English); caguama, cabezona, jabalina
(Spanish); caouane, caouanne (French); avo de tar-

taruga (Portugese-Brazil); onechte karet (Dutch-
Surinam).

Other common names: aka-umigame (Japanese—
Nishimura 1967); cardon (Spanish—Roze 1956);
tortuga franca (Spanish, Argentina—Freiberg 1981);
tartaruga del mar, uruana, surana (Portugese, Brazil—
Freiberg 1981); falso carey (Spanish—Cornelius 1982);
Karettschildkrote (German); remani (Arabic—Ross
1979); tao-ya, tao-charmed (Thai—Phasuk and Rong-
muangsart 1973; Nutaphand 1979); and tartaruga
caretta (Italian).

Vernacular names used within certain localized
geographic regions or by indigenous peoples are pro-
vided in the following references: Brazil (Ferreira de
Menezes 1972); French Guiana (Fretey and Renault-
Lescure 1978); Lesser Antilles (Meylan 1983);
Madagascar (Vaillant and Grandidier 1910); Mozam-
bique (Hughes 1971a); New Guinea (Rhodin et al.
1980); Seychelles (Frazier 1971, 19845); South Africa
(Hughes 1974b); South America (Mittermeier et al.
1980); Sinhalese-speaking peoples (Deraniyagala 1939);
Tamil-speaking peoples (Deraniyagala 1939; Jones and
Fernando 1973; Valliappan 1973); Tanzania (Frazier
1976); and Venezuela (Brownell 1974).

The name Caretta is a latinized version of the French
word ‘‘caret,”’ meaning turtle, tortoise, or sea turtle
Smith and Smith 1980). The name caret or carey
(Spanish) is usually associated in the vernacular with
the hawksbill (Eretmochelys imbricata) rather than the
loggerhead, and the name transfer probably resulted
from Linnaeus’ confusion over the identity of these
species (Brongersma 1961; Wallin 1985).

1.2.5 Definition of size categories

Size categories for loggerhead turtles are defined as
follows:

hatchling—from hatching to the first few weeks of life
as it begins rafting on currents for the life stage known
as the ‘‘lost year;’’ attains about 10 cm straight-line
carapace length (SLCL); characterized by the presence
of the umbilical scar.



juvenile—the pelagic rafting life stage. The center of
dorsal scutes is elevated forming a sharp keel or spine,
to approximately 40 cm SLCL.

subadult—from the end of the pelagic rafting stage to
the onset of sexual maturity, to 70-90 cm SLCL in
females, depending on the population.

adult—attainment of reproductive maturity at >70-90
cm SLCL, depending on population (Table 7); the size
at sexual maturity for males is assumed to be similar
to that of females.

1.3 Morphology
1.3.1 External/internal morphology and
coloration

General external loggerhead morphology is described
in Deraniyagala (1930, 1939, 1953), Carr (1952),
Loveridge and Williams (1957), Brongersma (1961,
1972), Ernst and Barbour (1972), Hughes (19745),
Smith and Smith (1980), Pritchard et al. (1983), and
Pritchard and Trebbau (1984). Good illustrations are
found in Deraniyagala (1939), Brongersma (1972),
Marquez (1978a), and Pritchard and Trebbau (1984).
See section 1.2.1.

The identification of loggerhead subspecies was based
on alleged morphological differences in the number of
neurals and marginal scutes between western Atlantic
and other populations (section 1.2.3). The following sec-
tion will cover references on morphometric data, color-
ation, photographs, geographic locations, and size
classes.

Morphometric measurements of loggerheads are
presented in the following sources: Deraniyagala (1930,
1939, 1953), Sri Lanka, hatchlings, subadults, adults;
Carr (1952), Solomon Island, hatchlings; Fahy (1954),
North Carolina, adults; Caldwell et al. (1955), Florida,
hatchlings; Caldwell (1959), South Carolina, hatchlings,
adults; Caldwell et al. (1959a), Georgia, adult females;
Caldwell (1962b), Georgia, hatchlings; Nishimura
(1967), Japan, hatchlings; Hughes et al. (1967), South
Africa, hatchlings, adult females; Hughes and Mentis
(1967), South Africa, hatchlings, adult females; Kauf-
mann (1968, 1973, 1975b), Colombia, hatchlings, adult
females; Hughes (1970a, 19714, 1972, 19746, 1975a),
South Africa, hatchlings, adults; Gallagher et al. (1972),
Florida, adult females; Brongersma (1972), Europe
(strandings), juveniles, subadults, adults; Hughes and
Brent (1972), South Africa, adult females; Graham
(1973), Maryland, hatchlings; Worth and Smith (1976),

Florida, adult females; Davis and Whiting (1977),
Florida, adult females; Ehrhart and Yoder (1978),
Florida, adult females; Kraemer (1979), Georgia, hatch-
lings; Ehrhart (1979¢, 1983), Florida, hatchlings,
subadults, adults; Hirth (1980), Oman, adult females;
Stoneburner (1980), North Carolina, Georgia, and
Florida, adult females; Margaritoulis (1982), Greece,
hatchlings; Mendonga and Ehrhart (1982), Florida,
subadults, adults; Hirth (1982), Florida, adults, regres-
sion of log [length] versus log [carapace length]; Bjorn-
dal et al. (1983), Florida, adult females; Frazier (1984a),
Uruguay and Argentina, subadults, adults; Limpus et
al. (1984), Queensland, hatchlings, adult females;
Sutherland (1985), Greece, hatchlings, adult females;
Limpus (1985), Queensland and Papua New Guinea,
hatchlings, adults; Mapes (1985), Florida, adult females;
Carr (1986b), Oceanic (in Sargassum lines), Azores, and
Baleares Islands, juveniles; Meylan and Sadove (1986),
New York, subadults; and Witherington (1986),
Florida, adult females.

The loggerhead’s carapace and plastron undergo
substantial changes after hatching. Growth is allometric.
Hatchlings have three dorsal keels on a roughly heart-
shaped carapace and there are two longitudinal ridges
on the plastron which disappear with age. In both hatch-
lings and juveniles, the vertebral scutes are wider than
long, but as the turtle grows, the length increases
relatively greater than the width. Eventually, vertebrals
I through IV become longer than their width, although
the increase in length does not occur simultaneously in
all scutes or at the same rate (Brongersma 1972). A
reversal of the length-to-width ratio is rare in vertebrals
I and V, although it has been observed. Juvenile
vertebrals are keeled with a knob-like process on the
posterior portion of each keel (it is most distinct on the
anterior vertebrals). By 35.0 cm SLCL, the knobs
generally disappear although the keels are still present,
and by 58.0 cm SLCL the keels also disappear
(Brongersma 1972).

An account of hatchling and adult coloration of In-
dian Ocean loggerheads follows (Deraniyagala 1953):

hatchling—head reddish-brown dorsally; beaks and
cheeks dark brown; neck yellow-ochre with dark neural
band; carapace reddish-brown and darker between

ridges; plastron lighter than carapace with diffuse dark
margin.

adult—reddish-brown dorsally with diffuse yellow
lateral band extending along head and merging into
yellow of neck; orbits dark; plastron pale orange.



Deraniyagala (1939) provided additional notes on color-
ation of hatchlings and an adult female.

According to Caldwell (1959), there is a considerable
range of variation in coloration in loggerhead hatchlings
from South Carolina, even within the same clutch. The
carapace is described as a yellowish buff through all
shades of brown to gray-black. The coloration is not
uniform, and is usually lighter on the margins of the
carapace. The plastron varies from creamy white
through gray-black mottled with white. Prominent
points on the plastron are lighter than the grooved or
flat areas. In South Africa, Hughes (19744) described
hatchling coloration as plain gray-brown when dry, and
pale red-brown when wet. The underparts are dark
brown, but the plastral shields are lighter in tone. By
the time the turtle reaches 10 cm SLCL, the color is
predominantly red-brown with streaking in either light
or dark brown. Pritchard et al. (1983) showed three
hatchlings that range from light brown to nearly black.

The carapace of loggerhead adults in the western
Atlantic is also reddish-brown, but it may be tinged with
olive, and the scutes are sometimes bordered in yellow.
The bridge and plastron are yellow to cream-colored.
The head is reddish to yellow-brown and the scales often
are bordered in yellow. The jaws are yellow-brown, and
the limbs and tail are dark centrally with yellow borders.
The underside of the throat, limbs, and tail are also
yellowish (Ernst and Barbour 1972). In Tongaland,
South Africa, a streaked carapace is more common than
a plain red-brown carapace (Hughes 1974b). Streaking
has also been recorded in the Sri Lankan Caretta
(Deraniyagala 1939).

Albinism has been reported in embryos and hatch-
lings from Florida (Lee 1969; Pond 1972; McGehee
1979; Witherington 1986; Ehrhart and Witherington
1987), North Carolina (Ferris 1986), South Carolina
(Caldwell 1959), South Africa (Hughes et al. 1967;
Hughes and Mentis 1967), and Australia (Miller 1982;
Limpus 1985). Cranial abnormalities are often
associated with albinism (Caldwell 1959; Hughes et al.
1967; Hughes and Mentis 1967; Pond 1972; McGehee
1979; Miller 1982) although albinism per se is not
necessarily lethal. One albinistic or amelanic adult
female has been reported to nest in Australia (Limpus
et al. 19795).

Color descriptions of the loggerhead are presented in
the following sources: Deraniyagala (1930, 1939, 1953),
Sri Lanka, hatchlings, subadults, adults; Carr (1952),
western Atlantic, adults; Stebbins (1954), western North
America, hatchlings, adults; Villiers (1958), west Africa,

adults; Caldwell (1959), South Carolina, hatchlings;
Ernst and Barbour (1972), United States, adults;
Hughes (19744), South Africa, hatchlings, adults;
Cogger (1983a), Australia, hatchlings, adults; Pritchard
and Trebbau (1984), western Atlantic, hatchlings,
subadults, adults; and Fretey (1986), Mediterranean,
hatchlings, adults. Note, however, that the color descrip-
tion given by Deraniyagala (1930) is a combination of
color characters for Caretta and Lepidochelys which he con-
sidered synonymous at the time.

Photographs illustrating general external morphology
and color of loggerheads are presented in the following
sources: Coker (1906), North Carolina, nesting female,
hatchlings; McAtee (1934), Georgia, frontal view of
nesting female; Pope (1939), western Atlantic, dorso-
lateral and plastral views of subadult; Carr (1952),
western Atlantic, dorsolateral view of adult female,
plastron and head of adult, carapace of juvenile and
subadult; Willgohs (1952), Norway, adult carapace and
plastron; Wood (1953), captive adults, copulating; Roze
(1956), Islas Los Roques, subadult carapace; Villiers
(1958), west Africa, head, carapace, plastron, frontal
view, hatchling; Caldwell (1960), United States, head
of hatchling, carapace and plastron of hatchlings and
subadults; McAllister et al. (1965), South Africa, hatch-
lings; McCann (1966), New Zealand, juvenile, subadult
[Note: Plate IV, No. 3, purporting to be a loggerhead
is actually an olive ridley]; Bustard (1968a, 19685,
19694, 1976), Australia, nesting female, head of nesting
female; LeBuff (1969), Florida, hatchlings, nesting
adult, head of nesting female; Flores (1969), Venezuela,
subadult (?) carapace and plastron; Hughes (1971a),
Mozambique, female on beach; Frazier (1971),
Seychelles, adult head and carapace; Cardona and de la
Rda (1971), Cuba, frontal view of adult, subadult,
hatchlings; Abascal (1971), Cuba, adult in water
(cover), nesting; Bustard et al. (1975), Australia, nesting
female; Ernst and Barbour (1972), United States, dorso-
lateral view of subadult and nesting female, adult
plastron, adult head, hatchling; Brongersma (1972),
Europe, dorsal and lateral views of subadults, vertebral
keels; Bustard (1972), Australia, nesting female, adult
head; Uchida (1973), Japan, frontal and lateral view
of head, nesting female; Hughes (19744), South Africa,
dorsal view of hatchling, barnacles on hatchlings and
subadults; Hughes (19746), South Africa, female in surf;
Rebel (1974), western Atlantic, hatchlings, juveniles,
subadults, adults; Massa (1974), Mediterranean, sub-
adult (?); Fretey (1976), French Guiana (?), female on
beach; Hughes (1977), South Africa, head and carapace
of nesting female; Anonymous (1977), Japan, nesting
female; Limpus (1978), Australia, adults underwater;
Seyfert (1978), Florida, dead adult; Di Palma (1978),



Lampedusa Island, hatchlings; Pritchard (1979),
western Atlantic, adults nesting, swimming and
copulating, hatchling swimming; Rudloe (1979), Florida
(?), adults swimming and on beach, copulating pair;
Carr (1979), western Atlantic, frontal view of subadult;
Nutaphand (1979), Thailand, hatchling, head of hatch-
ling; Sengoku (1979), Japan, adult female nesting;
Lipske (1979), Georgia, frontal view of adult, hatch-
lings; Stone (1979), Florida, close-up of head, female
nesting; Behler and King (1979), adult on beach; Martof
et al. (1980), Virginia, dorsolateral view of subadult;
Patnaude (1980), Florida, juvenile swimming; Rudloe
(1981), Florida, plastron, mutilated adults and sub-
adults; Freiberg (1981), western Atlantic, swimming
adult; Garmon (1981), Georgia, adult nesting; Miller
(1982, 1985), Australia, developmental stages, mal-
formed embryos; Sella (19826), Israel, carapace of
subadults; Timko and Kolz (1982), Mississippi, adult
swimming; Demetropoulos and Hadjichristophorou
(1982), Cyprus, hatchlings; Stone (1983), Florida, head,
carapace of nesting females, hatchlings; Cogger (1983a4),
Australia, nesting female, hatchling; Pritchard et al.
(1983), western Atlantic, adult carapace and plastron,
juvenile swimming, hatchling carapace and plastron;
Meylan (1983), Lesser Antilles, subadult carapace and
plastron; Pritchard and Trebbau (1984), western Atlan-
tic, adult swimming, nesting female, adult head, hatch-
ling head, adults in courtship and copulating; Carr
(1984), western Atlantic, juvenile plastron; Anonymous
(19844), Japan, adults, hatchlings; Rouse (1984),
Florida, adult in mud; Downey (1984), Florida, adult
head, posterior carapace, hatchlings; Ashton and Ashton
(1985), Florida, adult female in surf, hatchlings; Bearse
(1985); Gulf Stream in North Carolina, adults copu-
lating; Salvador (1985), Mediterranean, adult, hatch-
lings; Fretey (1986), Mediterranean, nesting female;
Carr (1986a), pelagic, hatchlings, juveniles; Carr
(19865), pelagic, juvenile carapace and plastron.

There have been few studies of the internal anatomy
of the loggerhead sea turtle. Much of the early literature
is obscure and published in German, such as
Schimkewitsch’s (1910) general anatomical account,
which perhaps accounts for this oversight. A reference
to the literature on the descriptive morphology of
C. caretta is provided in Table 1.

There are two comprehensive guides to Caretta c....*-
omy presently available. Rainey (1981) used black and
white photographs to illustrate the locations of organ
systems in a juvenile male Caretta and three other species
of sea turtles. Numbers on the photographs correspond
to a description of each organ system. Additional in-
formation is provided on data that should be recorded

from a carcass, tissue sampling methods, and recom-
mendations for dissection. Wolke and George (1981)
presented a guide for conducting necropsies under field
conditions. Line drawings supplement a description of
dissection methods, and information on fixatives, equip-
ment, and data forms is provided.

The bones of the shell of the loggerhead are described
in detail by Pritchard and Trebbau (1984). The carapace
is illustrated in Deraniyagala (1939), Zangerl and Turn-
bull (1955), Zangerl (1958), and Pritchard and Treb-
bau (1984); and the plastral bones in Deraniyagala
(1939), Zangerl (1958, 1980), and Pritchard and Treb-
bau (1984). The bones in the shell are thick, and the
pleurals contact the peripherals by way of free tips at
the end of the ribs. The nuchal is large and notched
laterally. The neural bones (usually 7-11) are narrow,
forming a continuous series anteriorly; posteriorly they
are highly variable. Each neural bone usually has a
vertebral centrum attached to the ventral surface. Sec-
ondary fragmentation of the neural series has occurred
independently several times in the Cheloniidae, in-
cluding Caretta (Deraniyagala 1939; Zangerl 1969).

The carapace of Caretta normally has two suprapygal
bones and a single pygal that is notched posteriorly,
although Deraniyagala (1939) noted up to four supra-
pygals in some individuals. The shell is very thick at
the suprapygal-pygal suture. There are 8 pairs of pleural
bones, each with a rib, and usually 12 pairs of peripheral
bones (Fig. 1). Rhodin et al. (1984) pointed out that
previous authors had confused kyphosis with scoliosis
in interpreting the spinal deformity section of Coker’s
(1910) paper on Caretta. Hughes (personal communica-
tion) also found a loggerhead with a deformed spine,
but misidentified it as an olive ridley. These are the only
reported incidences of spinal deformities in the species.

The plastron contains nine bones. The hyoplastra and
hypoplastra are similar in shape, with interdigitating
projections on the anterolateral faces of the hyoplastra
and posterolateral faces of the hypoplastra. The epi-
plastra are reduced, and the entoplastron is elongate.
The xiphiplastra are also elongate and nearly straight

(Fig. 2).

Both the carapace and plastron of the loggerhead are
heavily keratinized as a protective barrier against attack
and the environment. The epidermis contains the pig-
ment cells, and is much thicker on the plastron of the
loggerhead compared with that of the green turtle
(Chelonia mydas). The keratin is of the hard variety and
assists in reducing frictional drag in water (Solomon
et al. 1986). These authors provide photographs of



Table 1. Luterature summary of papers on the descriptive morphology of Caretta caretta.

Subject Reference

Subject Reference

Adrenal Holmberg and Soler (1942);

Gabe (1970)

Deraniyagala (1930, 1939);
Carr (1952); Loveridge and
Williams (1957); Brongersma
(1961, 1972); Ernst and
Barbour (1972); Hughes
(19746); Smith and Smith
(1980); Pritchard et al.
(1983); Pritchard and
Trebbau (1984)

Thompson (1980)
Schimkewitsch (1910); Rainey
(1981); Wolke and George

(1981)

Albrecht (1976)

Coker (1910); Rhodin et al.
(1984)

Zug et al. (1983, 1986)

Rhodin (1985); Zug et al.
(1986)

Crisp (1855 in Plate 1, 1979)

Parsons (1958, 1968)

Smith and James (1958)

Jacobshagen (1920, 1937);
Pernkopf and Lehner
(1937); Parsons and
Cameron (1977);
Thompson (1980)

Adult morphology

Alimentary canal
Anatomy: general

Arteries: cranial
Bone: deformities

Bone: growth rings
Bone: histology

Brain: weight

Choanae

Cloacal bursae: absence
Digestive system

Digestive tract: histology ~ Luppa (1977); Thompson

(1980)

Embryonic morphology Ewert (1985); Miller (1982,
1985)

Epidermis/scutes Solomon et al. (1986)

Eye Underwood (1970)

Hatchling morphology Deraniyagala (1939);
Caldwell (1959)

Sapsford (1978)

Poglayen-Neuwall (1953)

Schmidt-Nielsen and Fange
(1958); Abel and Ellis
(1966)

Rothley (1930); Ludicke
(1940)

Shah (1962)

Panizza (1833); Azzali (1958);
Ottaviani and Tazzi (1977)

Poglayen-Neuwall (1953);
Schumacher (1973)

Schumacher (1973)

Sieglbauer (1909); Poglayen-
Neuwall (1953); Walker
(1973)

Walker (1959); Parsons (1970)

Thompson (1980)

Deraniyagala (1939); Romer
(1956); Pritchard and
Trebbau (1984)

Sieglbauer (1909); Walker
(1973)

Zangerl (1969, 1980);
Pritchard and Trebbau
(1984)

Gray (1869); Deraniyagala
(1939); Gaffney (1979);
Pritchard and Trebbau

Heart/pulmonary artery
Innervation: limbs
Lacrimal glands

Lung

Lung: musculature
Lymphatic system

Musculature: head

Musculature: hyolaryngeal
Musculature: limbs

Nose
Oral cavity
Osteology: general

Osteology: limbs

Osteology: shell

Osteology: skull

(1984)
Paraphyseal Owens and Ralph (1978)
Penis Zug (1966)
Pineal Owens and Ralph (1978)

Red blood cells Frair (1977a, 1977b)

histological preparations of the carapace and epidermis,
and a scanning electron microscope photograph of the
carapace.

The skull of C. caretta is broad and massive (Fig. 3),
and anchors the jaw musculature needed to crush
mollusk shells. Gray (1869) compared the skull of the
leatherback with other sea turtles and concluded that
the differences were such as to place them in different
families, the Sphargididae and the Cheloniadae, which
included Caretta. A comprehensive description of the
skull is provided by Deraniyagala (1939), Gaffney
(1979), and Pritchard and Trebbau (1984). The skull
is illustrated in the following references: Gadow (1901),
line drawing of dorsal and ventral view; Deraniyagala

(1939, 1953), line drawings of dorsolateral and ventral
views of skull and lower jaw; Carr (1942), line drawing
of palate; Cadenat (1949), dorsal, frontal, and lateral
photograph of skull; Carr (1952), line drawings of upper
palate, lower jaw, and plastral bones; Romer (1956),
lateral view of skull; Villiers (1958), dorsal and ventral
photograph of skull and lower jaw; Wermuth and
Mertens (1961), line drawings of dorsolateral and ven-
tral views; Ernst and Barbour (1972), dorsal, ventral,
and lateral photographs of skull and lower jaw; Gaff-
ney (1979), line drawings of palatal sutures, comparison
of symphysis depths, palatal, lateral, and occipital views
of skull; and Pritchard and Trebbau (1984), line draw-
ings of dorsal, lateral, ventral views, and photograph
of skull. Feuer (1970) provided a key to the skulls of



Fig. 1. Dorsal view of carapace of adult loggerhead
(Deraniyagala 1939).

Fig. 2. Ventral view of plastron of adult loggerhead
(Pritchard and Trebbau 1984).



Fig. 3. A-C Dorsal, ventral, and lateral views of skull of adult male loggerhead (100 cm CL) from Sanibel Island, FL (Pritchard
and Trebbau 1984).
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North and Central American turtles, including sea
turtles.

Gaffney (1979) mentioned the following features of
the skull of Caretta which, although not necessarily
unique to the genus, are different from other groups of
turtles: (1) The depressor mandibulae may attach in a
trough on the ventrolateral surface of the squamosal,
(2) a ridge may develop within the origin area of the
depressor mandibulae which reflects the division of the
muscle into two heads, (3) the maxillae meet medially
between the premaxillae and vomer, (4) serrations or
small tubercles may form on the rhamphotheca but not
on the maxilla bone, (5) the choana lies some distance
behind the posterior termination of the vomer pillar,
(6) the vomer contacts the premaxillae on its dorsal sur-
face, but not ventrally, (7) the anterior two foramina
on the exoccipital combine so that only two rather than
three canals exit the skull for the hypoglossal nerve, and
(8) the foramen aquaducti vestibuli is present. Poglayen-
Neuwall (1953) reported the presence of the chorda tym-
pani, but Gaffney (1979) was unable to locate the canalis
chorda tympani mandibularis or its foramina in any
living turtle.

The head muscles of C. caretta are reviewed by
Poglayen-Neuwall (1953) and Schumacher (1973). The
following muscles are illustrated by Poglayen-Neuwall
(1953): pars media, pars profunda, pars superficialis,
M. adductor mandibulae internus pterygoideus,
M. depressor mandibulae, M. pseudotemporalis and
associated tendons, and M. intramandibularis.
Poglayen-Neuwall (1953) also provided an illustration
of the trigeminal nerve structure in Caretta.

Schumacher (1973) included specific references to the
following muscles and cartilages and how they attach
in the loggerhead: tendons of the M. adductor man-
dibulae; pars superficialis of the M. adductor man-
dibulae externus; M. adductor mandibulae posterior;
M. pseudotemporalis; M. intramandibularis (first
described by Poglayen-Neuwall 1953); pars ventralis of
the M. pterygoideus; and cartilago transiliens. The in-
nervation of the trigeminal muscles in the loggerhead
are also discussed, and an illustration of the mandibular
branch of the trigeminal nerve is included. Further, the
following illustrations of Caretta head musculature are
provided: dorsal view of head with temporal roof partly
resected and muscle fibers removed, basal view of ex-
ternal tendon, lateral view of M. adductor mandibulae
externus, and lateral view of left temporal fossa after
resection of temporal roof and removal of M. adductor
mandibulae externus. Loggerheads lack pterygoid
muscles (Poglayen-Neuwall 1953).
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Schumacher (1973) also discussed the musculature of
the hyoid arch, skin, and trunk in chelonians. Included
are specific references to the M. depressor mandibulae,
M. coracohyoideus, and the cricoid cartilage, Cartilago
cricoidea, of the loggerhead. Caretta has seven tracheal
rings composing the Cartilago thyreoidea.

The bones of the forearm and hand (Fig. 4) of Caretta
are illustrated by Walker (1973), and the humerus by
Zangerl (1958) and Zug et al. (1986: line drawings and
photographs). Rhodin (1985) noted similarities in pat-
terns of skeletal growth between Caretta and freshwater
turtles. In both groups, noncalcified cartilage remains
unvascularized, and a subphyseal plate is formed caus-
ing transient isolation of a metaphyseal cartilage cone.
However, in the loggerhead, the central cartilaginous
zone does not hypertrophy and remains uncalcified even
as the peripheral zone of the subphyseal plate becomes
ossified. Also, the basophilic network of Suzuki’s tissue
is localized in the zone of cartilaginous expansion in the
center of the subphyseal plate rather than in the
epiphysis (Rhodin 1985). These modifications may be
related to the rapid growth in the uncalcified portion
of the subphyseal plate.

Walker (1973) provided a general discussion of the
pectoral and pelvic girdles of the Cheloniidae without
mentioning Caretta specifically. The pelvis of the logger-
head is described by Deraniyagala (1939) as expanded
and depressed, a common feature of aquatic turtles. The
ilia is shortened and the upper ends curve posteriorly.
The pubic bone supports a prepubic cartilaginous
process anteriorly and each bone supports an outer
lateral process. The ischia are much smaller than the
pubic bones, and are separated by a cartilaginous
septum. A line drawing of the pelvis is provided by
Deraniyagala (1939). In Caretta, like other marine
turtles, ossification of the tarsals is reduced. Bones of
the pes are illustrated in Romer (1956).

The musculature of the appendages of the loggerhead
has been described by Rudinger (1868), Sieglbauer
(1909), Poglayen-Neuwall (1953), and Walker (1973).
Walker (1973) summarized existing literature and added
additional information on Caretta musculature, including
descriptions of the M. supinator manus (reduced; see
also Sieglbauer 1909), M. flexor carpi ulnaris (par-
ticularly powerful), M. palmaris longus, M. flexor carpi
radialis, pronator teres (reduced; see also Sieglbauer
1909), Mm. lumbricales (reduced), M. adductor digiti
minimi (absent), Mm. interossei volares, M. iliofemo-
ralis (closely associated with the M. puboischiofemo-
ralis), M. triceps femoris, M. adductor femoris,
peroneus complex (M. peroneus anterior is normal;



Fig. 4. Forearm of adult loggerhead (Romer 1956).

Sieglbauer [1909] reported the M. peroneus anterior as
reduced and incompletely separated from M. extensor
digitorum communis), digital extensors and dorsal in-
terossei (not separated), gastrocnemius (reduced), and
Mm. interossei plantares (four in number). Walker
(1973) provided line drawings of the muscles of the
forearm and hand, and the pelvis and thigh. Innerva-
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tion to the limbs has been discussed by Poglayen-
Neuwall (1953).

The alimentary canal, oral cavity, and intestinal
morphology have been described by Thompson (1980).
Caretta normally has a small papilla that varies in shape
near the anterior end of the lateral choanal margin
(Deraniyagala 1939; Carr 1942; Parsons 1958, 1968).
Parsons (1958) was unable to ascribe a function for it
in Caretta. It apparently is not present in all individuals
since he was unable to locate it in three turtles (Parsons
1968). Black and white photographs are provided by
Parsons (1958, 1968).

Although a substantial amount of recent work has
centered on buoyancy and respiration (e.g., Davenport
and Clough 1986), few studies have described the lung
of Caretta. Rothley (1930) gave a general anatomical ac-
count of adaptations of reptiles to breathing, including
Caretta, and Ludicke (1940) briefly mentioned Caretta in
his comparative study of blood volume in the lungs and
kidneys of snakes. Shah (1962) noted the absence of the
M. striatum pulmonale in marine turtles, including
Caretta, and provided a line drawing of the respiratory
muscles.

Parsons and Cameron (1977) provided a general
review of the digestive tract in chelonians. They cited
Jacobshagen’s (1920) description of the small intestine
as plain, tall, and having a net-like pattern. The height
of the folds vary, giving a false impression of a double
pattern. Luppa (1977) noted that tubular glands in the
stomach are combined into groups by connective tissue
in the transition between gastric and intestinal
epithelium. C. caretta lacks the normal ring-fold or
funnel-shaped pyloric valve. Further, the longitudinal
layer of the tunica muscularis decreases in thickness as
one proceeds in the direction of the pylorus (Luppa
1977). Further descriptions of intestinal morphology
were provided by Jacobshagen (1937), and the mor-
phology of the esophagus and stomach were described
by Pernkopf and Lehner (1937). C. caretta lacks cloacal
bursae (Smith and James 1958).

There are no detailed descriptions of the heart or cir-
culatory system of Caretta within the body. Sapsford
(1978) described the pulmonary arteries and noted the
presence of a muscular sphincter distal to the origin of
the ductus Botalli. He speculated that this structure
allows shunting blood from the right to the left through
the heart during diving, and that such action may assist
in the regulation of heat flux with the environment.
Albrecht (1976) described the cranial arteries from
2 hatchlings and the cranial arterial foramina from



38 skulls. The cheloniids have generally the same pat-
terns of arteries (illustrated in a diagram of Chelonia
mydas) and foramina although some differences were
noted. For instance, the canalis cavernosus opens lateral
to the foramen nervi trigemini by way of the foramen
arteriomandibulare in Chelonia, Caretta, and Lepidochelys,
but differently in Eretmochelys.

The morphology of the lymphatic system has been
described in detail by Panizza (1833) and Azzali (1958),
and reviewed by Ottaviani and Tazzi (1977). Ottaviani
and Tazzi (1977) provided information on the forma-
tion and descriptive morphology of the pericardial sinus,
and described the loggerhead’s lymphatic system in the
following organs and tissues: lumbar trunk, cistern
chyli, anterior limbs, esophagus, stomach, small intes-
tine (including a photograph of the mesenteric collec-
tors), large intestine, liver, gall bladder, adipose tissue,
pulmonary and serosal nets (photograph), kidney, blad-
der, ovaries and oviducts, testes, and heart and spleen.
They further discussed the lymphatic hearts (including
photographs of gross morphology and histological sec-
tions), and provided a photograph of a lymphoid body
in the cavity of a lymph heart. Azzali (1958) included
black and white photographs of many parts of the lym-
phatic system of three species of turtles, including the
loggerhead.

Other than for bone structure and musculature, there
have been few studies of the cranial structures in Caretta.
Crisp (1855 in Platel 1979) gave the weight of the brain
of a 5,443 g animal as 2.7 g. Walker (1959) observed
that loggerheads lacked specialized nasal flaps or valves,
yet were able to close the nostril while submerged.
Histological examination of nasal tissue showed large
amounts of vascular tissue, and Walker (1959) specu-
lated that closure of the nostril was effected by blood
filling nasal sinuses, causing the tissues to swell and thus
block seawater from entering. He provided photographs
of the closed and open nostrils and of a slide showing
the highly vascularized tissue.

The pineal-paraphyseal complex was described by
Owens and Ralph (1978) in juvenile loggerheads. They
considered it an ‘‘impressively’’ large structure, and
described the presence of two pineal cell types corre-
sponding to the neuroglial supportive cells and the
secretory rudimentary photoreceptor cells of other am-
niotic vertebrates. A drawing and photographs of the
saggital section of the pineal complex are provided.

Holmberg and Soler (1942) described the structure
of the adrenal gland in the loggerhead. They noted that
‘‘the connective tissue capsule forms an uninterrupted
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plate bridging the median line and resulting in a median
coalescence of the two adrenal glands.”” Gabe (1970)
gave the relative weight as 33 mg/100 g.

The eye of Caretta has 11-13 scleral ossicles, a marked-
ly convex cornea, and 60 disposed ciliary processes
(Underwood 1970). The cornea’s curvature is slight and
the lens is strongly curved. Some blood vessels are in
the sclera at the level of Schlemm’s canal. Bass and
Northcutt (1975) described the pattern of retinal pro-
jections in six juvenile loggerheads, and note that the
dorsal geniculate nucleus is far larger than that of other
reptiles with the possible exception of snakes. There are
12 primary retinal targets in the diencephalon and
mesencephalon, and their pattern is similar with fresh-
water turtles, although the differentiation varies between
genera (Bass and Northcutt 1981). Loggerheads have
a large, reddish-brown, globular, compound, branched,
and tubular lacrymal gland in the corner of the eye,
which is involved in salt excretion. The gland’s gross
morphology and histology have been described by
Schmidt-Nielsen and Fange (1958) and by Abel and Ellis
(1966). Abel and Ellis (1966) also provided extensive
data on the histochemistry and fine structure of the
gland.

The penis of the loggerhead is described by Zug
(1966). The glans is formed by a U-shaped fold which
is an enlarged continuation of the seminal ridges. The
seminal groove is singular, and no sinuses are present.
The penis of an Eretmochelys is illustrated, but Zug (1966)
noted that the penes of all sea turtles are similar in
structure.

1.3.2 Cytomorphology

Abel and Ellis (1966) described in detail the mor-
phology of cells in the lacrymal glands of Caretta and
Chelonia, and noted that it is similar between the two
species. Two types of epithelial cells line the duct system:
basal cells and goblet cells. The principal cells close to
the arterial blood supply contain the highest concentra-
tion of oxidative enzymes and have modifications on
their surface related to activity involving salt concen-
tration and secretion.

Frair (19775) reported that Atlantic loggerheads with
longer carapace lengths have higher packed-cell volumes
of red blood cells, larger red blood cells by length-width
product and volume, lower red-cell counts, and prob-
ably more rounded red cells than turtles with smaller
carapace lengths. Frair (1977a) provided data on



erythrocytes of loggerheads for packed volume, size, and
number (Table 2).

Owens and Ruiz (1980) described a method for
obtaining blood samples from sea turtles through the
dorsal cervical sinus, and cerebrospinal fluid through
the foramen magnum without causing stress to the
animals. Although Owens and Ruiz (1980) found dif-
ficulty using this method on hatchlings, Bennett (1986)
found sampling blood through the dorsal cervical sinuses
of hatchlings simple and atraumatic.

Gyuris and Limpus (1986) described a restraining
device to immobilize sea turtles while obtaining muscle
biopsies. Muscle masses, especially the triceps brachii
and the brachialis inferior, were located by palpation
and biopsies taken via a biopsy needle with a minimum
of stress to the turtle.

The karyotype of Careita caretta consists of 56 nearly
identical chromosomes; sex chromosomes are unknown
from this species (Bickham 1979).

1.3.3 Protein composition and specificity

The serum protein level of 14 Caretta caretta was found
to be 4.7 g% (Frair 1964) while Musquera et al. (1976)
gave a figure of 3.8 g% for a single individual. Im-
munoprecipitation tests indicated a close affinity among
all sea turtles with Caretta aligning with Lepidochelys and
Eretmochelys. Frair (1982) later noted the similarity
between blood serum proteins of Caretta, Eretmochelys,
and Lepidochelys, although proteins were more similar
between Chelonia, Caretta, and Lepidochelys than between
Chelonia and Eretmochelys. Sea turtles with longer
carapace lengths have higher concentrations of total
serum protein over a wide range of carapace lengths
although in the largest turtles the concentration of total
serum protein appears to drop (Frair and Shah 1982).

Friedman et al. (1985) compared the internal struc-
tures of deoxygenated and oxygenated hemoglobins of
Caretta and Chelonia and found that sea turtle hemo-
globins are structurally designed for efficient oxygen
transport and release rather than storage. The structural
feature involves an oxygen binding site that remains
strained under all physiological conditions.

The kinetic properties of lactate dehydrogenases
resemble those reported from homopolymers of most
other vertebrates. However, Caretta M4 and H# isoen-
zymes do not display similar sensitivities to substrate
inhibition by pyruvate as the freshwater turtle Pseudemys
sp. (Baldwin and Gyuris 1983).
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Table 2. Red blood cell data of Atlantic loggerhead sea turtles
(Frair 1977a).

Packed cell Red cell
volume Length/width count
Statistic ~ (cm®/100 cm?) (um) (mm® x 10%)
Mean 26.4+0.8 22.1+0.2 429 + 22
13.4+0.2
Range 19-40 15.0-28.4 292-650
8.0-18.8
Sample 54 26 21

Isoelectric focusing techniques as a tool for the iden-
tification of unknown samples of sea turtle meat is
discussed by Braddon et al. (1982). These authors
showed that muscle extract samples can be identified
by protein banding patterns, and provided several
figures of gel patterns of loggerhead and other species
obtained at various pH and power ranges. Seven logger-
head samples showed excellent replication patterns while
the eighth, a juvenile, showed extra bands indicative
of embryonic blood proteins, such as fetal hemoglobin.

Electrophoretic techniques have been used to examine
13 proteins from loggerheads (N = 106) in the south-
eastern United States; heterozygosity averaged 3.4%,
with 7.7% of the loci being polymorphic (Smith et al.
1978). The intergeneric similarity value was 0.21
between Caretta and Chelonia mydas. Smith et al. (1978)
argued that the low level of variability in the loggerhead
indicated that it is a ‘“fine-grained’’ species, that is, a
large, marine, temperate, migratory carnivore likely to
encounter a variety of habitat conditions. Gyuris (1984
in Limpus 1985) was unable to distinguish mainland
from island nesting populations of loggerheads in
Australia using electrophoretic techniques.

Analysis of o0il from Caretta caretta in Mexico showed
that its fatty acids closely resembled fats of amphibians
and other reptiles in its palmitic (21.8%) and myristic
(6.6%) content, but contained a high content of stearic
(15.5%) and palmitoleic acid (Giral and Marquez
1948). These authors also reported a low content of cer-
tain unsaturated acids (C18 and C20). Total acids make
up 90% of turtle oil (Giral and Cascajares 1948; Giral
1955).

A summary of the literature on the biochemistry,
genetics, and physiology of Caretta caretta is provided in
Table 3.



Table 3. Literature summary of papers dealing with the physiology, biochemistry, and genetics of Caretta caretta.

Subject

Reference

Subject

Reference

Biochemistry: corticosterone
Biochemistry: LDH

Biochemistry: oils

Biochemistry: steroids

Biocides: DDE, organochlorines

Biocides: other categories

Blood:
Blood:

chemistry (review)
chemistry, general

Blood:
Blood:

hemoglobin structure
O, affinity

Blood:
Blood:

plasma concentration
proteins

Blood:
Blood:

serology
serum corticosterone

Blood: serum testosterone
Body fluids: general
Chemoreception

Colloid osmotic pressure
Dehydration

Drowning: time until
Eggs: chemistry
Eggs: water absorption

Electrical activity
Endocrinology

Schwantes (1986)

Baldwin and Gyuris
(1983)

Giral (1955); Giral and
Cascajares (1948);
Giral and Marquez
(1948)

Morris (1982)

Clark and Krynitsky
(1980, 1985);
Fletemeyer (1980);
McKim and Johnson
(1983)

Hillestad et al. (1974);
Stoneburner et al.
(1980)

Dessauer (1970)

Lutz and Dunbar-
Cooper (1987)

Friedman et al. (1985)

McCutcheon (1947);
Palomeque et al.
(1977); Isaacks et al.
(1978); Isaacks et al.
(1982); Lapennas and
Lutz (1979, 1982),
Lutz and Lapennas
(1982)

Figler et al. (1986)
Frair (1964); Musquera
et al. (1976); Frair

and Shah (1982)

Frair (1964, 1979, 1982)

Schwantes and Owens
(1986)

Wibbels et al. (1986a);
Wibbels et al. (1987q)

Thorson (1968)

Grassman and Owens
(1981a, 1981b);
Grassman (1984);
Owens et al. (1986)

Scholander et al. (1968)

Bennett (1983); Bennett
et al. (1986)

Parker (1925)

Yamauchi et al. (1984)

Cunningham and
Hurwitz (1936)

Susic (1972)

Owens and Morris
(1985)

Gas exchange: adults
Gas exchange: eggs
Gas exchange: embryos

Gas exchange: nests
Genetic variation
Gut: function
Heart beat: diving

Histochemistry: kidney
Histochemistry: lacrimal glands

H-Y antigen: cytotoxicity assay
Hybridization

Immune reaction
Immunocytochemistry
Karyotypes

Nutrition

Pineal: melatonin activity
Proteins: electrophoresis

Renal function: adaptation
Renal function: salts and water
Respiration: anoxia
Respiration: diving
Respiration: lung volume
Retina: function

Sound reception

Thermal biology

Thyroid physiology

Lutcavage et al. (1987)

Ackerman (1980)

Ackerman (1981,
19815)

Ackerman (1977)

Smith et al. (1978);
Harry (1983); Gyuris
(1984)

Birse and Davenport
(1987)

Lanteri et al. (1981)

More (1977)

Schmidt-Nielsen and
Fange (1958); Abel
and Ellis (1966)

Wellins (1987)

Kamezaki (1983)

Wangersky and Lane
(1960)

Pearson et al. (1983)

Bickham (1979)

Bjorndal (1985)

Owens and Gern (1985)

Smith et al. (1978);
Braddon et al. (1982)

Tercafs et al. (1963);
Schoffeniels and
Tercafs (1966)

Prange (1985)

Bentley and Lutz (1979);
Lutz et al. (1980)

Lutz and Bentley (1985);
Lutcavage (1987)

Milsom and Johansen
(1975)

Bass and Northcutt
(1975, 1981)

Lenhardt et al. (1983)

Mrosovsky (1980);
Spotila and Standora
(1985)

Wibbels et al. (19864)

Techniques

Blood sampling
Electrode implants

Electrophoresis
Muscle biopsies

Sexing

Owens and Ruiz (1980);
Bennett (1986)

Kovacevic and Susic
(1971)

Braddon et al. (1982)

Gyuris and Limpus
(1986)

Wibbels et al. (1987a)

15



2. DISTRIBUTION
2.1 Total Area

Loggerhead turtles are circumglobal, inhabiting con-
tinental shelfs, bays, lagoons, and estuaries in the tem-
perate, subtropical and tropical waters of the Atlantic,
Pacific, and Indian Oceans. The major nesting grounds
are generally located in warm temperate and subtropical
regions, with the exception of Masirah Island, Oman.
Nesting does occur in tropical regions, but such nesting
is scattered and represents a small fraction of the species’
nesting efforts. Foraging areas are largely unknown,
although warm temperate zone nesters are known to
migrate to tropical waters in Australia and Africa after
the nesting season.

Individual loggerheads have been reported in waters
as far north as Newfoundland (Squires 1954) and
northern Europe to the U.S.S.R. (Konstantinov 1965;
Brongersma 1972) in the Atlantic, and the State of
Washington, U.S.A. (Hodge 1982) and Peter-the-Great
Bay in the Maritime Province of the U.S.S.R. (Terent-
Jjev and Chernov 1949). In the Southern Hemisphere,
the loggerhead is found as far south as Tasmanian
waters (Scott and Mollison 1956; Green 1971), to 42°S
in New Zealand (McCann 1966; Robb 1980; Pritchard
1982a), and even to Stewart Island off southern New
Zealand (Ballance et al. 1985-1986). In South America,
loggerheads are known from as far south as Mar del
Plata in Argentina (Frazier 1984a) on the east coast and
to Coquimbo on the coast of Chile (Frazier and Salas
1982). Specific nesting locations are discussed in this sec-
tion, listed in Tables 4 and 5, and delineated in Figures
5 and 6. The worldwide distribution of the loggerhead
has been summarized by National Marine Fisheries
Service (1978), Pritchard (1967, 1979), Sternberg
(1981), Groombridge (1982), Ross (1982), and Mager
(1985). Both nesting and nonnesting range extensions
are many, and a brief summary by ocean follows.

In the northeastern Atlantic, there are widespread
records of loggerheads from Europe, especially from the
British Isles; strandings have been summarized by
Brongersma (1972) and are primarily of juvenile and
subadult turtles (Fig. 7). Additional observations have
been recorded for Ireland (O’Riordan and Holmes
1978), Spain (Pascual 1985), and France (Fretey 1986).
Loggerheads do not nest anywhere on the Atlantic coast
of Europe.

In the Mediterranean, Caretta has been recorded from
Spain, including the Baleares Islands (Salvador 1978,
1985; Pascual 1985; Carr 1986b), France (Euzet and
Combes 1962; Euzet et al. 1972; Dumont 1974; Fretey

16

1975, 1986), Corsica (Bruno 1973; Dumont 1974: most-
ly 60-70 cm animals; Fretey 1975, 1986), Italy,
including Sicily and Lampedusa Island (Doderlein 1881;
Despott 1924; Bruno 1969, 1970, 1973, 1978;
Brongersma 1972; Massa 1974; Bruno and Maugeri
1976-1977; Di Palma 1978; Honegger 1978; Argano
and Baldari 1983; Gramentz 1986), Sardinia (Bruno
1969; Argano and Baldari 1983), Greece (Werner 1984
in Mertens 1961; Basoglu 1973; Honegger 1978;
Marinos 1977, 1981; Margaritoulis 1982, 1983, 1985;
Argano and Baldari 1983; Sutherland 1985; Langton
1987), Bulgaria (Beskov and Beron 1964; Basoglu 1973),
the Adriatic (Steuer 1905), Turkey (Hathaway 1972;
Basoglu 1973; Basoglu and Baran 1982; Geldiay et al.
1982; Sella 19824; Argano and Baldari 1983), Israel
(Basoglu 1973; Sella 19824), Cyprus (Demetropoulos
and Hajichristophorou 1982; Ross 1982; Argano and
Baldari 1983; Demetropoulos and Lambert 1986),
Egypt (Looss 1899, 1901, 1902; Baylis 1923; Sey 1977,
Sella 19824, Brongersma 1982), Libya (Bruno 1969;
Pritchard 1979; Schleich 1987), and Tunisia (Argano
and Baldari 1983).

According to Pritchard (1979), nesting probably oc-
curs at scattered localities all along the north African
coast, but has been recorded only for Tunisia and Libya.
Nesting still occurs on Lampedusa Island, Cyprus,
Greece (particularly on Zakynthos Island and perhaps
at Korfu), Israel, and Turkey (see references in Tables 4
and 5). Bruno (1970) was told of dead hatchlings found
on Isole Eolie, and Di Palma (1978) speculated that
nesting might still occur on Isole Egadi. Fretey (personal
communication) believes reports of nesting in Sicily to
be in error. Fretey (1986) stated that loggerheads nested,
or might still nest, at Aleria on the east side of Corsica
although the last confirmed nesting in Corsica was in
1932 (Bruno 1973). Bruno (1969) and Honegger (1978)
mentioned a number of nesting locations on the Italian
coasts. Bruno (1978) showed a map with historic and
present locations of records of sea turtles along the
Italian coasts, but the map is a composite record for
several species, and nesting is not necessarily indicated
at each location.

On the west coast of Africa, there is little precise
distributional information. Loveridge and Williams
(1957) recorded loggerheads from Morocco, Senegal,
Ivory Coast, Gabon, Zaire, Southwest Africa (Nami-
bia), and questionably from Cameroon. Brongersma
(1982) believed the records for Ivory Coast, Cameroon,
Gabon, and Zaire were based on Lepidochelys olivacea
rather than C. caretia. Additional records for Morocco
were provided by Doumergue (1899) and Pasteur
and Bons (1960), and Caretta is included in Pellegrin’s



Table 4. Nesting locations and nesting seasons for loggerhead sea turtles, Caretta caretta. (Not every reference contains specific
mention of the nesting season although at least one of the references listed does so.

Location

Month

J

F M AM J J A

S

O N D

Reference

Western Atlantic Ocean

United States
New Jersey
Delaware
Maryland
Virginia

North Carolina

South Carolina

Georgia

Florida (mainland)

— e

A M J J A

17

S

Brandner (1983)

Mohr (1973)

Graham (1973)

Coker (1906); Carr (1952); Dodd
(1978); Musick (1979, 19795)
Coker (1906); Coles (1914); Rebel
(1974); Dodd (1978); Musick
(1979a); Stoneburner (1981);
Crouse (19844, 1985); Ferris

(1986)

Caldwell (1959); Caldwell et al.
(19594, 19594); Dodd (1978);
Hopkins et al. (1978); Stancyk
et al. (1980); Talbert et al.
(1980); Andre and West (1981)

DeSola and Abrams (1933);
Caldwell et al. (1959a, 19595);
Ragotzkie (1959); Caldwell
(1962b); Johnson et al. (1974);
Dodd (1978); Richardson (1978,
1982); Richardson et al. (1978aq,
19786); Kraemer (1979);
Kraemer and Bennett (1981);
Stoneburner (1981); Richardson
and Richardson (1982); Frazer
and Richardson (1985a, 19855;
1986)

Catesby (1731-1743); Loennberg
(1894); Carr (1940); Caldwell
et al. (1955, 1959a, 1959b);
Routa (1968); LeBuff (1969,
1970, 1974); Gallagher et al.
(1972); Worth and Smith
(1976); Dodd (1978); Ehrhart
and Yoder (1978); LeBuff and
Hagan (1978); Ehrhart (1979,
1982); McGehee (1979); Ehrhart
(1980); Demmer (1981); Stone-
burner (1981); Carr et al. (1982);
Fritts and Hoffman (1982);
Bjorndal et al. (1983); Meylan
et al. (1983); Williams-Walls
et al. (1983); Ehrhart and Ray-
mond (1983); Raymond (19844);
Frazer and Ehrhart (1985);
Kushlan (1986); Witherington
(1986); Lund (1978, 1986);
Ehrhart and Witherington
(1987); Ehrhart and Raymond
(1987); Provancha and Ehrhart



Table 4. Continued.

Month
Location M J J A S O N D Reference
(1987); Conley and Hoffman
(1987)
Florida (keys) M ] Fowler (1906); Audubon (1926);
Pritchard (19825)
Mississippi J Allen (1932); Carr et al. (1982)
Bahamas M J ] Carr et al. (1982); Bacon et al.
(1984)
Cuba? J J A Caldwell et al. (1955); Cardona and
de la Rua (1971); Kermarrec
(1976); Gavilan and Andreu
(1983)
Mexico
Quintana Roo M J J A Ramos (1974); Rebel (1974);
Marquez (1976, 19785);
Hildebrand (1982); Carr et al.
(1982); Bacon et al. (1984).
Tamaulipas J A S Marquez (19785); Carr et al.
(1982); Hildebrand (1982, 1983)
Panama J Carr et al. (1982)
Colombia M J J A S Kaufmann (1966, 1968, 19715,
1973, 19755); Bacon et al.
(1984)
Trinidad?® M J J A S Rebel (1974); Pritchard and
Trebbau (1984)
Grenada J J A S Rebel (1974); Carr et al. (1982)
French Guiana M J J A S Pritchard (1971); Fretey (1976);
Fretey and Renault-Lescure
(1978); Pritchard and Trebbau
(1984)
Brazil N D Maximilian (1820); Hartt (1870);
Bacon (1981); Pritchard and
Trebbau (1984)
Eastern Atlantic Ocean
Senegal J A S O Cadenat (1957); Villiers (1958);
Ross (1982); Maigret (1977,
1983); Dupuy (1986)
Mediterranean Sea
Greece (including Crete) J J A S Mertens (1961, after Werner
1894); Honegger (1978);
Marinos (1977, 1981);
Margaritoulis (1982, 1983,
1985); Argano and Baldari
(1983);Sutherland (1985)
Turkey M J J A Geldiay et al. (1982); Argano and
Baldari (1983); Basoglu and
Baran (1982)
Cyprus J J A Demetropoulos and Hadjichristo-
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phorou (1982); Ross (1982);
Argano and Baldari (1983);

Demetropoulos and Lambert
(1986)



Table 4. Continued.

Month

Location J FM A M J J A S O N D Reference

Lampedusa Island J ] Di Palma (1978); Argano and
Baldari (1983); Gramentz (1986)

Libya J J Schleich (1987)

Western Indian Ocean

Oman (Masirah Island) A M J J A S Ross (1979, 1982); Frazier (1980);
Hirth (1980); Ross and Barwani
(1982)

Madagascar J F S O N D Vaillant and Grandidier (1910);
Hughes (1971¢, 1971e, 1974a,
19746, 1976a, 1982b); Pritchard
(1979); Frazier (1980)

Mozambique J N D Hughes (1971a, 1971¢, 1971e,
1974b, 1976a); Frazier (1980)

South Africa J F S O N D Bass and McAllister (1964);

(Tongaland, Natal) McAllister et al. (1965); Hughes

et al. (1967); Hughes and
Mentis (1967); Hughes (1970a,
19706, 1971¢, 1971d, 1971e,
1972, 1974a, 1974b, 1975a,
1976a, 197656, 1982a, 19825,
1984); Hughes and Brent (1972)

Northern Indian Ocean

India® (Gulf of Mannar) S O N D Jones and Fernando (1973); Murthy
and Menon (1976)

Sri LankaP J A s Deraniyagala (1930, 1939)

Western Pacific Ocean

Japan A M J J A Nishimura (1967); Miyawaki
(1981); Uchida and Nishiwaki
(1982); Anonymous (1984a,
19844); Iwamoto et al. (1985);
Kamezaki (1986)

China® A M J J A Huang (1982)

(including Taiwan)
Australia J F M O N D Bustard and Limpus (1970, 1971);

Southern Pacific Ocean
Tokelau?

Eastern Pacific Ocean

Panama?P

J J] A S O N D

M J J A

S O N D

Bustard (1972, 1974, 1976);
Limpus (1973a, 19735, 1978,
19824, 1982b, 1985); Bustard
et al. (1975); Cribb (1978);
Limpus et al. (19794, 1983,
1985); Limpus and Reed (1985)

Balazs (1983)

Sternberg (1981); Cornelius (1982)

#Nesting season includes other species as well as Caretta.

There is some question about the accuracy of reports of loggerhead nesting at these localities.
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Table 5. Literature records of nesting by loggerhead sea turtles for which the nesting season was not recorded.

Location

Reference

Location

Reference

Western Atlantic Ocean
United States
Alabama

Louisiana
Texas

Mexico
Veracruz

Tabasco
Tabasco-Campeche
Campeche

Yucatan
Belize

Guatemala
Honduras

Nicaragua
Costa Rica

Venezuela

Surinam

Brazil
Maranhao to Espirito
Santo
Ceara
Sergipe southward

Bahia
Rio de Janeiro
Bermuda

Cayman Islands

Dominican Republic
Guadeloupe
Jamaica
Netherlands Antilles
Providencia,
San Andres,
Albuquerque Cays
Puerto Rico
St. Lucia/Grenadines

Jackson and Jackson (1970);

Mount (1975); Carr et al.
(1982); Shoop et al. (1985)
Hildebrand (1982); Carr et al.

(1982)
Hildebrand (1982, 1983); Carr
et al. (1982)

Carr et al. (1982); Hildebrand
(1982, 1983)

Carr et al. (1982)

Bacon et al. (1984)

Carr et al. (1982); Hildebrand
(1982); Bacon et al. (1984)
Hildebrand (1982); Carr et al.
(1982); Bacon et al. (1984)
Rebel (1974); Carr et al.
(1982); Moll (1985)

Carr et al. (1982)
Carr et al. (1982)

Rebel (1974); Carr et al.
(1982).

Caldwell et al. (1955); Caldwell
et al. (1959q)

Donoso-Barros (1964); Flores
(1969); Pritchard and Trebbau
(1984)

Schulz (1971, 1975, 1982);
Pritchard and Trebbau (1984)

Sternberg (1981); Marcovaldi
(1987)

Pritchard and Trebbau (1984)

Reichart (1981); Pritchard and
Trebbau (1984)

Pritchard and Trebbau (1984)

Pritchard and Trebbau (1984)

Carr (1984)

Lewis (1940); Pritchard and
Trebbau (1984)

Carr et al. (1982)

Carr et al. (1982)

Carr et al. (1982)

Rebel (1974)

Pritchard (1979)

Carr et al. (1982)
Carr et al. (1982)

Turks and Caicos

Eastern Atlantic Ocean
Cape Verde Islands

Morocco

Namibia

Mediterranean Sea
Corsica

Sardinia

Italy (including Sicily)

Israel and North Sinai

Libya
Tunisia

Northern Indian Ocean
Maldives

Eastern Indian Ocean
Thailand

Western Sumatra
Java

Western Australia

Western Pacific Ocean
Taiwan?

Sarawak?

Papua-New Guinea

South Pacific Ocean
Solomon Islands
New Caledonia

Fiji

Cook Islands

Eastern Pacific Ocean
Nicaragua?

Rebel (1974); Carr et al. (1982)

Schleich (1979); Brongersma
(1982)

Doumergue (1899); Pasteur and
Bons (1960); Brongersma
(1972, 1982)

Hughes (19825)

Bruno (1973); Dumont (1974);
Fretey (1975, 1986); Groom-
bridge (1982)

Bruno (1969); Argano and
Baldari (1983)

Bruno (1969, 1970, 1973,
1978); Brongersma (1972);
Di Palma (1978); Honegger
(1978); Argano and Baldari
(1983)

Sella (19824); Argano and
Baldari (1983)

Bruno (1969); Pritchard (1979)

Argano and Baldari (1983)

Deraniyagala (1933)

Petpaidit (1953); Suvatti (1950
in Phasuk and Rongmuangsart
1973)

Polunin and Nuitja (1982)

Polunin and Nuitja (1982)

Limpus (1982q)

Huang (1982)
Harrisson (1965)
Spring (1982)

Carr (1952); Pritchard (1979)
Sternberg (1981)

Pritchard (1979)

Gill (1876 in Wiens 1962)

Cornelius (1982)

aThe validity of these reports is questionable. See text.
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Fig. 5. Worldwide nesting locations of the loggerhead. Stars represent major nesting locations and circles indicate minor nesting
areas.
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Fig. 7. Histogram showing size frequency distribution of loggerheads stranded along European coasts of the Atlantic Ocean

(Brongersma 1972).

(1912) and Bons’ (1972) checklists of Moroccan
herpetofauna.

Loggerheads have also been reported from Mauri-
tania (Maigret 1983), Senegal (Cadenat 1949, 1957,
Villiers 1958; Maigret 1977, 1983; Dupuy 1986), Cape
Verde Islands (in Brongersma 1982; Schleich 1979),
Nigeria (in Brongersma 1982), Angola (Hughes et al.
1973), and Namibia (Sternberg 1981; Hughes 19825).
In Macronesian waters, Caretta is found in the Azores
(Barth 1964; Brongersma 1971, 1982; Carr 1986b), the
Canary Islands (Steindachner 1891; Brongersma
1968b), and the Madeira and Selvagens islands
(Brongersma 1982). Of the areas listed, nesting has only
been documented for Senegal and the Cape Verde
Islands although it may occur at scattered locations
elsewhere. Hughes (19826) speculated on the possibility
of nesting at Skeleton Coast Park in northwest Namibia.

In the Indian Ocean, loggerheads are reported from
the eastern coast of Africa from the following locations:
South Africa (Bass and McAllister 1964; McAllister
et al. 1965; Hughes et al. 1967; Hughes and Mentis
1967; Hughes 1969a, 19694, 1970a, 19705, 19715,
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1971¢, 1971d, 1971¢, 1972, 1974a, 19745, 1975a, 1976a,
19766, 1977, 1978 [in Heydorn et al. 1978], 19824,
19825, 1984; Hughes and Brent 1972), Mozambique
(Hughes 1971a, 1971¢, 1971e, 19745, 1976a, 1982b;
Frazier 1980), Madagascar (Vaillant and Grandidier
1910; Hughes 1971¢, 1971¢, 1974a, 19745, 19764, 1982b;
Pritchard 1979; Frazier 1980), Tanzania (Frazier 1976,
1982; Hughes 19824), and Kenya (Frazier 1975).
Loggerheads also have been reported in the St. Bran-
don Islands (Hughes 19756) and in the vicinity of
Aldabra (Frazier 1971, 198454). Nesting occurs in
Tongaland (Natal, South Africa), on adjacent beaches
in Mozambique, and on the southern and southwestern
portions of Madagascar. The loggerhead is considered
rare in Tanzania, Kenya, and the oceanic islands,
although they may be more common in waters of the
Seychelles than literature records indicate (J. Mortimer,
personal communication).

Hughes (in Heydorn et al. 1978) noted that logger-
head hatchlings enter the warm Agulhas Current and
may spend up to three years in a pelagic life stage riding
the current around the Indian Ocean. He further sug-
gested that small turtles found in Western Australia



might have originated in Tongaland. He mentioned that
large numbers of loggerheads have been seen passing
Reunion Island in the Mascarenes.

In the northwestern Indian Ocean, loggerheads are
rare except for the large nesting colony at Masirah
Island, Oman (Ross 1979; Hirth 1980; Frazier 1980;
Ross and Barwani 1982). A small number of tag returns
(N = 8) indicate that the distribution extends from the
Masirah nesting grounds west toward the Horn of
Africa, and east toward Pakistan and into the Arabian
Gulf (Ross, personal communication). Ross and Bar-
wani (1982) also report that loggerheads are found in
the Red Sea in the Sinai area and that nesting might
occur there, but these reports remain unconfirmed.
Until recently, loggerheads from the Persian Gulf were
unknown, but T. Preen (personal communication)
reported that surveys conducted by J.D. Miller have
turned up four observations of nonnesting loggerheads
in this area. There are a few records of loggerheads in
the vicinity of the United Arab Emirates in the Arabian
Gulf and the Gulf of Oman (Brown 1979, 1983, 1984,
1985) and one tag return from the Masirah colony in
Saudi Arabia (Ross, personal communication).

Except for the observations of Deraniyagala (1930,
1939), Jones and Fernando (1973), Murthy and Menon
(1976), and Kar and Bhaskar (1982) of loggerheads in
the Gulf of Mannar between India and Sri Lanka,
Caretta seems conspicuously absent from the northern
Indian Ocean. Minton (1966) thought that they might
occur in the coastal waters of Pakistan, but was unable
to confirm this. However, Ghalib and Zaidi (1976)
reported Careita occurs in Pakistani waters, but that
nesting does not. The loggerhead is reported to be com-
mon off the coast of Tuticorin in the months of March
and April (Valliappan 1973). Nesting apparently occurs
in Sri Lanka, but Das (1985) stated that Caretta does not
nest along Indian shores despite claims to the contrary
as previously noted. Also, there is a curious discrepancy
between the nesting seasons reported for these nearby
areas (Table 4) and it is possible that confusion exists
in the identification of species (Das 1985). Loggerheads
also have been reported to nest in the Maldives
(Deraniyagala 1933), but this claim is disputed by
Hughes (19745).

There has been considerable confusion concerning the
identification of Caretta and Lepidochelys in the herpeto-
logical literature of the western Pacific (Nishimura
1967). Smith (1931) reported that although the logger-
head is rare in the Gulf of Siam, 1.5 million eggs were
taken annually in Burma prior to 1911. However, it ap-
pears that he was referring to Lepidochelys rather than
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C. caretta since he calls them Caretta caretta olivacea. Taylor
(1970) mentioned loggerheads in Thai waters, but gave
no information on them. Both Smith (1916) and Nuta-
phand (1979) considered the species rare. However,
Suvatti (1950) and Petpaidit (1953)—both cited by
Phasuk and Rongmuangsart (1973), but with an incor-
rect date for Petpaidit—recorded nesting by loggerheads
in Thailand, although those illustrated in Petpaidit
(1953) appear to be olive ridleys. These records need
confirmation.

Suwelo (1971) and Polunin and Nuitja (1982)
reported that loggerheads occur in the seas around In-
donesia, but that nothing is known of the species’ status.
They stated that loggerheads reputedly nest in west
Sumatra and occasionally in Java, although Limpus
(1985) stated that there are no positive records for
nesting in Indonesia. Although De Rooj (1915) reported
a number of localities for Caretta careita in Southeast Asia,
including Java, Borneo, the Aru Islands, the Malay
Peninsula, and the Philippines, it is possible that she
was not distinguishing the olive ridley from the logger-
head (Nishimura 1967). Taylor (1920) clearly referred
to Lepidochelys rather than C. caretta in his discussion of
the loggerhead in the Philippines. If they occur in the
Philippines, they are rare; Gomez (1980) reported no
recent observations of either loggerheads or olive ridleys.

The behavior of loggerhead hatchlings, presumably
collected locally, was compared with green and hawksbill
hatchling behavior in Sarawak by Harrisson (1965).
Although the hatchlings were not described, these three
species were mentioned as being the “‘less scarce Indo-
Pacific marine turtles,”” and that they bred in the
Sarawak Turtle Islands. As such, this is probably a
reference to Lepidochelys rather than Caretta. Harrisson
previously misidentified Caretta hatchlings when he
reported loggerhead nesting at Pulau Gulisaan in Sabah
(de Silva 1982). Likewise, Gadow’s (1899) discussion
of orthogenetic variation in Caretta hatchlings from New
Britain likely was based on misidentified Lepidochelys
(Nishimura 1967).

Loggerheads have been reported in Chinese and
Taiwanese waters (Fang 1934 in Nishimura 1967,
Huang 1979, 1982) either as Caretta caretta, C. c. olivacea,
or C. olivacea. For instance, Fang’s (1934) synonymy and
list of distinguishing characters clearly confused the red-
brown with the olive ‘‘loggerhead,”” so much so that
he recommended olivacea be placed in synonymy with
caretta. Huang (1982) recorded nesting, and stated that
loggerheads were found in coastal waters of Taiwan,
Gungdong, Guangxi, Fujian, Zhejiang, Jiangsu, Shan-
dong, and Hebei. However, he previously referred to



loggerheads as C. ¢. olivacea (Huang 1979) so it remains
unclear whether these records are for Caretta rather than
Lepidochelys. Huang (1976) did not record Caretta from
the Xisha Islands. There appears to be no nesting
records for the coast of Indochina although both Bourret
(1941) and Huong (1978) listed Caretta olivacea from Viet-
nam, thus suggesting loggerheads or olive ridleys might
occur in coastal waters. It is probable these records are
for the olive ridley.

Nishimura (1967) reviewed the status of Caretta in
Japan and noted that references to Lepidochelys in Japa-
nese waters probably were based on Caretta. Lepidochelys
is actually quite rare in Japan (Nishimura and Hara
1967). Additional records of Caretta in Japan are in the
following sources: Takeshima (1958), Nishimura (1967),
Uchida (1973, 1975, 1981, 1982), Miyawaki (1981),
Uchida and Nishiwaki (1982), Anonymous (1977,
1984a, 1984b), Iwamoto et al. (1985), and Kamezaki
(1986). Nesting occurs on islands in the south and along
the east and west coasts of Kyushu, the southeast coast
of Shikoku, and the southeast and northeast coasts of
Honshu (see references in Table 4).

Loggerheads have been reported in Korea, the Ryu-
kyu Islands, and Formosa by Takeshima (1958), al-
though Nishimura (1967) suggested these observations
may have been of olive ridleys as well as loggerheads.
The furthest north that loggerheads have been
documented is Peter-the-Great Bay in the Soviet Union
(Terentjev and Chernov 1949).

Loggerheads occur in waters all around Australia
(Cogger 1983a), with specific nesting records for West-
ern Australia at Shark’s Bay (Babcock 1930; Brongers-
ma 1961; Lester et al. 1980: turtles caught in sea;
Limpus 19824) and Barrow Island (Limpus 1982a).
Nesting also may occur at Exmouth Gulf (R. Johannes,
personal communication to J.P. Ross). The largest con-
centration of loggerheads in Australia occurs along the
coast of Queensland, with extensive nesting on offshore
islands and the mainland of south Queensland (Bustard
1968a, 19686, 19694, 19696, 1971, 1972, 1974, 1976;
Bustard and Limpus 1970, 1971; Limpus 19734, 19735,
1975, 1978, 1979, 19824, 1985; Bustard et al. 1975;
Cribb 1978; Limpus et al. 1983; Limpus et al. 1984;
Limpus and Reed 1985; Limpus et al. 1985). One in-
cidence of nesting has been reported for Lizard Island
in the midpart of the Great Barrier Reef (Limpus
19826). Sporadic nesting occurs as far south as New-

castle, New South Wales (Limpus 1982a).

Nonnesting loggerheads are reported to be plentiful

Lindner 1969), and are occasionally sighted in south
Australia (Cotton 1943; Houston 1979) and Tasmania
(Scott and Mollison 1956; Green 1971). Australian
loggerheads are known to migrate to tropical portions
of the Great Barrier Reef, New Guinea, the Gulf of
Carpentaria, and the Trobriand Islands (Bustard and
Limpus 1970; Limpus 19824; Limpus and Parmenter
1986). Although the species is generally uncommon in
New Guinea, Spring (1982) reported nesting in the
Trobriand Islands.

Loggerheads are also occasional visitors to New
Zealand waters (McCann 1966; Robb 1980; Pritchard
19824; Ballance et al. 1985-1986) and other areas of the
South Pacific. Pritchard (1982a) suggested that the
presence of small animals in New Zealand waters, and
the reports of turtle tracks, indicated that the loggerhead
might rarely nest on northern beaches in New Zealand.
In other regions of the South Pacific, valid records of

" loggerheads are scarce although Hirth (1971) considered

the loggerhead the third most abundant sea turtle in the
South Pacific. He mentioned records for both Fiji and
Tonga. In the Solomon Islands, Pritchard (1982aq)
reported that nesting was unknown, although Carr
(1952) provided data on hatchlings from the Solomons
(see also Pritchard 1979). Pritchard (1979) mentioned
nesting in Fiji, and some nesting is known to occur in
New Caledonia (Pritchard, personal communication).
Gill (1876 in Wiens 1962) stated that loggerheads were
plentiful during the breeding season at Rakahanga in
the Cook Islands, but this needs to be confirmed.

In the central Pacific, records of loggerheads are very
scarce. Balazs (1979) provided data on three historic
records of Caretta in Hawaiian waters. Nesting occurs

only in Tokelau, although the turtle is considered rare
(Balazs 1983).

In the eastern Pacific, the loggerhead also appears to
be uncommon. It has been reported from the States of
Washington (Hodge 1982) and California (Shaw 1947,
Stebbins 1954; Guess 1981, 1982) in the United States.
Van Denburgh (1922) recorded C. olivacea from Baja
California, Mexico, although it seems he was referring
to Lepidochelys. The first valid reference to C. caretta in
Baja California, and indeed the entire eastern Pacific,
appears to be that of Shaw (1946) who misidentified
Caretta as Lepidochelys (Caldwell 1962a; Frazier 1985).
Brattstrom (1955) reported hatchling Caretta from the
Revillagigedo Islands, but Frazier (1985) believed that
these were misidentified Chelonia or Lepidochelys.

Additional loggerhead specimens from Baja and the

in the waters off the Northern Territory (Cogger and Gulf of California were recorded by Caldwell (1962a,
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1963), Marquez (1969), and Clifton et al. (1982).
Elsewhere in Mexico, Hardy and McDiarmid (1969)
reported Caretta from Mazatlan in Sinaloa, but Frazier
(1985) pointed out that these were olive ridleys rather
than loggerheads. Jack Woody (personal communica-
tion) reported large numbers of subadult loggerheads
about 42 km off the Baja coast in deep water, but more
information regarding these turtles is needed. The
loggerhead is not known to occur in southern Mexico

(Clifton et al. 1982).

The loggerhead is rare in Pacific Central America if
it occurs there at all. Unconfirmed reports include obser-
vations in El Salvador and Nicaragua (J. Woody, per-
sonal communication). Cornelius (1982) reported the
possibility of nesting in Nicaragua and on the Osa
Peninsula in Costa Rica, but these observations have
never been verified (Cornelius, personal communica-
tion). Cornelius (1982) stated that the loggerhead was
the most abundant turtle on the nesting beaches in
Panama, but A. Ruiz (personal communication to
C. Limpus; see Limpus 1985) could not substantiate
nesting in Panama. Cornelius (personal communication)
now believes these records to be based on misidentified
olive ridleys.

Loggerheads have been reported for the northern
coast of South America from Colombia (Green and
Ortiz-Crespo 1982). There are no other records for
South America except for northern Chile (Frazier and
Salas 1982), and nesting is unknown. Frazier (1985) has
discussed the records of the loggerhead in the south-
eastern Pacific Ocean and noted that there has been
much confusion in the identification of Caretta and
Lepidochelys. Many of the observations of loggerheads
in this region probably refer to olive ridleys rather than
to Caretta. Loggerheads are very rare in South American
waters, although better surveys may reveal more con-
firmed observations.

In the northeastern Atlantic, loggerheads have been
reported in Newfoundland (Squires 1954) and Nova
Scotia (Bleakney 1967), and Bleakney (1965) mentioned
that the loggerhead is commonly reported by fisheries
officers elsewhere in Canadian waters. In the United
States, it occurs occasionally in Maine (Scattergood and
Packard 1960; Lazell 1980) and commonly off Cape Cod
and Martha’s Vineyard (Babcock 1919, 1938; Lazell
1976; Shoop 1980). In New York, loggerheads are found
frequently in summer and may be cold-stunned with the
onset of cold weather (Murphy 1916; Meylan and
Sadove 1986).

In the United States, loggerhead nesting was first

New Jersey southward and throughout the southeastern
United States into the Caribbean (Carr et al. 1979;
Shoop et al. 1985; Tables 4 and 5; Fig. 6). A large
subadult population feeds in the rich waters of
Chesapeake Bay (Musick 1979a, 19795, 1983; Lutcav-
age 1981; Lutcavage and Musick 1985) and loggerheads
are known to overwinter in the Canaveral Ship Chan-
nel off the coast of Florida (Ogren and McVea 1982;
Carr et al. 1981; Rudloe 1981; Moulding 1981; Joyce
1982). For surveys conducted in 1982, Butler et al.
(1987) estimated 410-992 loggerheads were found in
February in the Canaveral Ship Channel, but only
12-64 turtles used the channel in August; only 18 logger-
heads were found in trawl surveys at other Florida and
south Georgia inlets. A subadult population occurs in
the Indian River lagoon system of east-central Florida
(Brice 1896; Mendonca 1981; Mendonga and Ehrhart
1982; Ehrhart 1983).

Other nonnesting records exist for Delaware (Spence
1981), Maryland (Cooper 1947), Virginia (Brady 1925;
Reed 1957; Tobey 1985), North Carolina (True 1887;
Schwartz 1977; Lee and Palmer 1981), Mississippi
(Gunter 1981), and Texas (Brown 1950; Neck 1978,;
Rabalais and Rabalais 1980; Hildebrand 1982, 1983;
Reeves and Leatherwood 1983). Fritts and Reynolds
(1981), Lee and Palmer (1981), Irvine et al. (1981),
Hoffman and Fritts (1982), Fritts et al. (1983a), Fritts
et al. (1983b), and Schroeder and Thompson (1987)
noted the distribution of loggerheads off the coast of the
southeastern United States from the shore into the Gulf
Stream.

Maigret (1983) reported that a lobster trawler en-
countered thousands of sea turtles swimming in the
Atlantic at 33°N, 74°W in water 21°C. This location
would be roughly 800 km east of Cape Hatteras, NC.
He identified these 30 cm SLCL turtles as Lepidochelys
kempi, but Peter Pritchard (personal communication)
later examined photographs supplied by Maigret and
confirmed that they were C. careita. The location also
was misprinted. It should have read 33°N, 14°W, which
places the location in waters west of Gibraltar rather
than in the western Atlantic. Elsewhere in the central
Atlantic, loggerheads are reported from Bermuda
(Garman 1884; Babcock 1937). Carr (19866) recorded
loggerhead hatchlings and juveniles associated with
pelagic Sargassum lines off the coasts of the Bahamas,
Bermuda, 500 km east of Nantucket, and Florida and
Georgia in the Atlantic; and Florida, Texas, and Mex-
ico in the Gulf of Mexico. Hatchling loggerheads prob-
ably remain in these currents several years through the
juvenile life stage until they leave for developmental

reported by Catesby (1731-43). Nesting occurs from habitats as subadults.

25



Loggerheads occur throughout the western Atlantic
region. Summaries of their distribution, both nesting
and nonnesting, are provided by Bacon (1975, 1981),
Carr et al. (1982), Bacon et al. (1984), and Pritchard
and Trebbau (1984). In the Greater Antilles, the logger-
head is common in Cuba on the islands off the southern
coast (Abascal 1971; Cardona and de la Rda 1971;
Gavilan and Andreu 1983) but uncommon elsewhere
(Carr et al. 1982). About 60 nests per year are oviposited
along the northeastern and southwestern coasts of the
Dominican Republic (J. Ottenwalder, personal com-
munication). In the Lesser Antilles, Reinhardt and
Lutken (1862) noted its absence from the Virgin Islands.
Elsewhere in the Lesser Antilles, it is uncommon
(Meylan 1983); Meylan (personal communication) was
told of low-level nesting but never saw any conclusive
evidence of such. Nesting formerly occurred in Jamaica,
Grenada, and in the San Andres Islands, and rare
nestings may still occur on these islands although there
are no recent reliable records.

From Mexico through Central America, the logger-
head varies from uncommon (one subadult reported
from Tortuguero, Costa Rica, K. Bjorndal, personal
communication) with sporadic nesting, to common with
areas of concentrated nesting (Tables 4 and 5; Fig. 6).
One nesting concentration appears centered around the
northern and eastern portion of the Yucatan Peninsula
(J. Woody and R. Marquez, personal communication)
where loggerhead nests outnumber green turtle nests.
Meylan (personal communication) has been unable to
confirm reports of occasional nesting at Bocas del Toro,
Panama. It nests in South America in Colombia (Kauf-
mann 1966, 1967, 1968, 1971a, 19715, 1972, 1973,
1975a, 1975b), although the population has declined
markedly since 1975, and occurs into Venezuelan waters
(Roze 1955; Donoso-Barros 1964; Flores 1969; Brownell
1974; Pritchard and Trebbau 1984). Only 24-32 nests
per year now occur in Colombia. Loggerheads are
reported in the waters off Los Roques, but nesting does
not occur there (Roze 1956).

Brongersma (1968¢) reported museum specimens of
Caretta from Surinam, and Schulz (1975) mentioned a
single loggerhead nesting in May 1969. The loggerhead
is an accidental visitor to Surinam and French Guiana
(Fretey 1981, 1987). The loggerhead had been seen only
once in French Guiana, at least through the late 1960’s
(Pritchard 1969, 1971), although Fretey (1987) has
recorded a few more observations since then. Logger-
heads occur in Brazilian waters (Luederwaldt 1926;
Ferreira de Menezes 1972), including an unknown
amount of nesting (Tables 4 and 5). Nesting was first
reported by Maximilian (1820) as green turtle nesting,
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but subsequently shown to be loggerheads. Luederwaldt
(1926) mentioned specimens from Empalhado and the
State of Sao Paulo. Marcovaldi (1987) noted that
114 Caretta have been tagged and 62,354 hatchlings have
been released between 1982 and 1986 as part of a con-
servation project in Brazil. After C. mydas, the logger-
head was the most abundant turtle encountered; about
400 loggerheads nest per year in Brazil (Marcovaldi,
personal communication). Loggerheads have been
recorded as far south as Rio Grande in Brazil (Frazier
1984a), Uruguay (Gudynas 1980; Frazier 1984a), and
Argentina (Frazier 1984a). Murphy (1914) reported
“‘numbers’’ of adult loggerheads between 670 km and
830 km east off the coast of Uruguay in November 1912,
but there was no indication where these turtles
originated or where they were going.

Although Smith and Smith (1980) restricted the type
localities of Testudo nasicornis Lacépede and Caounana
Caretta Gray (synonyms of C. caretta; see section 1.1.2)
to Ascension Island in the south Atlantic, there are no
records of this species from Ascension.

2.2 Differential Distribution
2.2.1 Hatchlings

After leaving the nesting beach, loggerhead hatchlings
swim perpendicular to the shore until they reach drift
lines created by upwellings, downwellings, currents, and
other types of convergences of different bodies of water
(Carr 19864, 19865, 1987). These convergences produce
concentrations of resources that are rich in potential prey
items for young turtles, particularly insects (A. Carr,
personal communication). Accumulated material, such
as Sargassum and debris from land sources, provide
refuges both for turtles and prey. Hatchling loggerheads
have been reported in Sargassum associated with such
convergences in the western Atlantic (Smith 1968;
Caldwell 1968; Carr 1984) and in mats of Physalia off
South Africa (Hughes in Heydorn et al. 1978). Witham
(1974) reported loggerhead hatchlings in the stomachs
of predatory fish feeding along drift lines. Fletemeyer
(1978) followed hatchlings off a south Florida nesting
beach for several hours. Except for one individual, the
hatchlings invariably swam to and remained in patches
of Sargassum. Carr (1986b) summarized occurrences of
loggerheads associated with pelagic drift lines.

Carr (1986a, 19865) speculated that hatchlings and
juveniles may ride currents and gyres in a great circular
path from North America through Europe and the
Azores back to subadult developmental habitats in the
western Atlantic. Hughes (in Heydorn et al. 1978)



speculated that Tongaland hatchlings ride the Agulthas
Current around the southern Indian Ocean. The possi-
ble locations of hatchling habitats for other populations
have not been delineated, although Limpus (1985)
speculated that Australian hatchlings might move
downstream along the east Australian Current and
along the convergence of the east Australian Current
with the Tasman Front east of northern New South
Wales.

Stoneburner et al. (1982) reported that 15 hatchlings
fitted with transmitters dispersed to marshes in the
St. Andrews Sound of southern Georgia rather than
swim offshore to the sea (see also Garmon 1981).
However, it is likely that these turtles drifted with tidal
currents to these locations instead of deliberately select-
ing marshes as hatchling habitat (Richardson, personal
communication).

2.2.2 Juveniles, subadults, and adults

After hatchling loggerheads enter the ocean, they
begin the so-called ‘‘lost year’’ stage of life, although
the ‘‘lost year’’ is now known to include a number of
years, probably 3 to 5 (Carr 19864a), during which the
hatchling grows into a subadult. The juvenile stage is
most likely passed entirely in a pelagic existence riding
on currents and gyres (Carr 1986a, 19865, 1987).
Records of juvenile loggerheads are scarce (summarized
by Carr 19864), although a surprisingly large number
have been reported from the Azores (Carr 19865).
Juvenile loggerheads (section 1.2.5) are found stranded
on the coasts of northern Europe (Fig. 7; Brongersma

1972).

After circulating on oceanic currents for a period of
several years, juveniles reach about 40 cm SLCL and
leave the pelagic ocean for subadult developmental
habitats. In the western Atlantic, subadult developmen-
tal habitats include lagoons, estuaries, and the mouths
of bays and rivers rich in food resources. Particularly
favored areas include the Chesapeake Bay (Lutcavage
1981; Lutcavage and Musick 1985) and the Indian
River Lagoon system of eastern Florida (Mendonga
1981; Mendonga and Ehrhart 1982; Ehrhart 1983).
Hildebrand (1983) reported that the loggerhead is the
most abundant turtle today on the Texas coast and that
most animals are ‘‘immatures.’’ It is likely that logger-
heads are found in many of the lagoons of the Texas
and Mexican coasts.

Other literature records for subadult loggerheads
include Long Island Sound, NY (Meylan and Sadove
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1986), the Lesser Antilles (Meylan 1983), off the coast
of Uruguay and Argentina (Frazier 1984a), the Baleares
Islands (Carr 1986b), the French Mediterranean
(Dumont 1974), Madeira and the Canary Islands
(Brongersma 19686), and the Gulf of California
(Caldwell 1963; Marquez 1969; Cliffton et al. 1982).
The locations of subadult developmental habitat for
other populations is unknown. Data on loggerhead sea
turtles not associated with a particular nesting beach,
including juveniles and subadults, are shown in Table 6.

Adult loggerheads are best known from shallow
coastal waters adjacent to nesting beaches. Little is
known about habitat use away from nesting beaches,
however, except for Limpus’ (1985) studies on Aus-
tralian loggerheads. Evidence suggests that the species
is migratory, since there have been long-range tag
returns from Australia and South Africa showing move-
ment over considerable distances northward after the
nesting season (Hughes and Mentis 1967; Bustard and
Limpus 1970, 1971; Bustard 1974; Limpus 1982¢4; Lim-
pus et al. 1984; Limpus and Parmenter 1986; Hughes
1977). Some loggerheads in the southeastern United
States move northward in the spring (Bell and Richard-
son 1978; Meylan et al. 1983) and southward along the
coast as autumn approaches, presumably to overwinter
in the Bahamas or the Caribbean (Meylan 1982).
Others, particularly subadults, remain year-round in
Florida burying themselves in mud to escape cold con-
ditions (Carr et al. 1982; Ogren and McVea 1982; Hen-
wood 1987). Henwood (1987) suggested adult females
are migratory whereas adult males are not, and remain
in the vicinity of the nesting beaches throughout the
year. Loggerheads buried in mud also have been
reported in the Gulf of California (Cliffton et al. 1982).
Iwamoto et al. (1985) reported the recovery of logger-
heads tagged at Miyazaki, Japan, in the East China Sea
over 377 km distant. Nothing is known of the migratory
movements in other populations, or about seasonal
movements of male turtles.

2.3 Determinants of Distributional Changes

Loggerhead distribution is centered in warm temper-
ate and subtropical seas adjacent to nesting beaches, and
in warm coastal regions providing appropriate feeding
grounds. Warmwater temperature may limit the dis-
tribution of nesting, and warmwater currents probably
allow hatchlings to disperse away from nesting grounds
and use food sources in drift lines to grow to subadult
size. Reproductive migrations of unknown distance from
feeding areas to nesting beaches are suspected to occur
at intervals of two or more years, although there are



Table 6. Data on loggerhead sea turtles not associated with a particular nesting beach. Measurements in cm and kg.

Location How obtained Measurement Mean Range N Source
New York Cold-stunned  Carapace (SL)  48.7  36.0-58.3 9 Meylan and Sadove (1986)
North Carolina Trawler Carapace 744 67.3-104.1 8 TFahy (1954)
Florida Netted/lagoon  Carapace (CL) —  44.0-92.5 104 Mendonga and Ehrhart (1982)
Florida Netted/lagoon ~ Mass —_ 12.8-97.7 104 Mendonga and Ehrhart (1982)
Florida Hibernating Carapace (SL) —  47.5-97.5* 139 Ogren and McVea (1982)
Florida Netted/lagoon ~ Carapace (CL)  71.4 49-100 205  Ehrhart (1983)
Florida Netted/lagoon ~ Carapace (SL) 65.8 44-93 205 Ehrhart (1983)
Florida Netted/lagoon  Plastron 50.9 21-67 205  Ehrhart (1983)
Florida Netted/lagoon ~ Mass 43.7 13-111 205 Ehrhart (1983)
Uruguay/Argentina Stranded Carapace — 50-115 61  Frazier (1984a)
W. Atlantic Sargassum Carapace —_ 5.2-18.0 —  Carr (1986b)
Azores Fishermen Carapace (SL) 22.9  11.0-38.0 82  Carr (1986b)
Baleares Is. Not reported Carapace (SL) — 30-76 81  Carr (19865)
Europe® Stranded Carapace 38.1 15.9-146.7 82  Brongersma (1972)
E. Australia Stranded Carapace (CL)  13.5 5.8-36.0 4 Limpus (1985)
SW. Australia Stranded Carapace (CL) 8.2 5.8-10.2 40  Limpus (1985)
Australia/ Feeding gr. Carapace (CL) 97.5 91.0-103.0 20  Limpus (1985)
Moreton Bay
Australia/ Feeding gr. Carapace (CL) 94.5  84.5-101.0 14 Limpus (1985)
Capricornia Reef
Australia/ Feeding gr. Carapace (CL) 93.1  89.0-96.5 5 Limpus (1985)
Gulf of Carpentaria
Papua New Guinea Feeding gr. Carapace (CL) 98.8  96.0-103.5 5 Limpus (1985)
New Zealand Stranded Carapace (CL)  15.7 8.6-33.0 6 McCann (1966);

Pritchard (19824)

2Estimated from histogram.
bSummary of unanalyzed data.

records of single-year intervals (Hughes, personal com-
munication). See sections 2.1, 2.2, 3.1.6, and 3.5.1.

2.4 Hybridization

Lewis (1940) reported that local Caymanian fisher-
men could describe what they believed was a hybrid
between Eretmochelys imbricata and Caretta caretta called
a “McQueggie’’ or a ‘‘McQuankie.’’” Carr (1984) later
showed that at least in some instances, McQueggies
were referable to recognizable species and that the
folklore probably had no basis. However, Kamezaki
(1983) reported hybrids from an Eretmochelys x Caretta
cross from eggs deposited on the Chita Peninsula,

Japan.

3. BIONOMICS AND LIFE HISTORY
3.1 Reproduction
3.1.1 Sexuality

The comparative reproductive biology of sea turtles,
including loggerheads, is discussed by Buitrago (1982).

Loggerheads are bisexual, and sexual dimorphism is ap-
parent in the adults; some references state that males
are generally larger than females, although Hughes
(1974b) could not demonstrate size dimorphism in
Natal, South Africa, loggerheads and Pritchard and
Trebbau (1984) stated that both sexes attain equal sizes.
Hughes (19745) reported that sexual differentiation was
apparent in turtles 60.0 cm to 67.0 cm SLCL. Males
have a longer tail than females (males:females, 3:1) and
larger recurved claws (males:females, 3:1). Males also
have a shorter plastron, presumably to accommodate
their large muscular tail (Hughes 1974b; Geldiay et al.
1982). Females have a more domed carapace than
males, but males appear to be wider, and have a more
gradually tapering carapace (Deraniyagala 1939; Carr
1952). Males also show a tendency to have a wider head
(Hughes 1974b; Pritchard and Trebbau 1984). Derani-
yagala (1939) reported that there is a difference in
pigmentation between the sexes, with males showing
more yellow-ochre on the head. Sexual distinction of
hatchlings, juveniles, and the smaller subadults is not
possible through external examination, but only through
dissection, laparoscopy, histological examination, or
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radioimmunological assays. Intersexuality has been
reported in an adult from Australia (Limpus et al. 1982).

3.1.2 Maturity

Early estimates of age at maturity were based on cap-
tive individuals raised under ideal conditions, and were
based on different minimum size estimates for sexually
mature individuals. Thus, Caldwell (1962¢) and Uchida
(1967) estimated that loggerheads matured at 6-7 yr of
age. Frazer and Schwartz (1984) provided an estimate
of 16-17 yr in 2 loggerheads raised in captivity in North
Carolina. Studies of wild turtles, based on measure-
ments of recaptured individuals or growth annuli of
humeral bones, gave estimates of 10-15 yr in Florida
(Mendonga 1981); 12-30 yr in Florida, with the best
estimate skewed toward the higher figure (Frazer and
Ehrhart 1985); 14 yr (logarithmic regression estimate)
to 19 yr (linear regression estimate) in Georgia (Zug
et al. 1983); 13-15 yr in Georgia (Zug et al. 1986); 22 yr
in Georgia (Frazer 1983¢); and >30 yr in Australia
(Limpus 1979).

The age at sexual maturity may vary between popula-
tions, or even within populations, since growth rates and
size at sexual maturity show considerable variation
within and between populations (e.g., Limpus 1985).
Knowledge of the sizes of reproductively active turtles
may assist in the determination of age of maturity,
depending on which growth rate equation values are
used. There is a considerable body of literature on the
sizes of nesting females (Table 7) showing that the
populations with the smallest mature females occur in
the Mediterranean and Natal, South Africa. The largest
average-sized females occur in the southeastern United
States. Data on body mass are scarcer, but show only
minor variation among United States, South African,
and Australian populations (Table 8). The data in
Geldiay et al. (1982) are presumed to include some
nesters although this is not clear from the text. Sella’s
(1982a) data obviously are of subadult animals.

Data on male loggerheads are exceedingly scarce.
Despite observations that males may be larger than
females, only four studies and one casual observation
report male carapace lengths (Table 9). Body mass has
been reported by Sella (19824) to average 37.5 kg; his
sample presumably included, or consisted entirely of,
subadults and the sample size was not reported. Hughes
(1974b) gave an average of 68.0 kg for Natal males
but his sample size was very small (N = 3, range

62.0-74.6).
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3.1.3 Mating

Mating of loggerheads is assumed to occur along the
way to the nesting beach for several weeks prior to the
onset of nesting, and may occur in specific aggregation
areas or habitats (Caldwell 1959; Limpus 1985). For in-
stance, an area near Sandy Cape, Australia, is an area
of high density courtship for females that nest in
rookeries 80-150 km distant (Limpus 1985). Mating also
may occur as females pass through territories of resi-
dent males on their way to the nesting beaches (Lim-
pus 1985). Mating has been recorded from late March
to mid-May in South Carolina (Caldwell 1959), April
and May during periods of pe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>