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Nesting Bicology of Sea Turtles
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The literature on the reproductive blology of marine
merrles is immense (e.g., Hirth 1971; Pritchard 1971;
Anon. 1980; Bjorndal 1982; Wirzell 1983; Miller
1985; Dodd 1988; Groombridge and Luxmoore
1989; Marquez M. 1990; National Research Council
1590). Much of the recent literature is contained in
the Proceedings of the Annual Symposia on Sea Turtle
Biclogy and Conservation (NOAA Technical Memo-
randa).

Marine rurtles share a generalized life cycle that
includes iteroparous reproduction (Hirth 1980; Na-
tional Research Council 1990) with the possible ex-
ception of the Kemp's ridley, stereotyped nest-build-
ing behavior (Hendrickson, this volume), laying of
relatively large numbers of eggs several tmes during
the reproductive period (Hirth 1980; Van Buskirk
and Crowder 1994}, and relatively strong attachment
to particular locations for nesting (e.g., Bjorndal et al.
1985; Limpus et al. 1992), but inter- and intra-specific
variation exists (Van Buskirk and Crowder 1994),

Determining the details of the nesring biology of
sea turtles requires the identification of individual tur-
tles, usually through tagging. The position of applica-
tion on the flipper, habitat {i.e., nesting arcafforaging
area), type of tag (monel, inconel, titanium), and the
species of turtle ragged affect the rate of tag loss (Lim-
pus 1992). With proper assessment of tag loss, the
probability of recapturing tagged turtles increases
{Limpus et al. 1994).

Mesting Biology

The nesting biology of marine turtles is deceprively
simple. Maring cccurs during a relatively short female
receptive period in the vicinity of the nesting beach
(Owens 1980; National Research Council 1990); the
individual’s mating season is completed before egg
laying commences.

The nesting process is similar among all species of
sea rurtles. Several behavioral sequences have been



described bur the real differences are small [Hm
drickson, this velume). The reproductive and oviposi-
tional cycles are regulated by changes in specific
serum gonadotropins and gonadal steroids (Guillerte
et al, 1991; Wibbels et al. 1992).

Reproductive Output

All sea turtles lay several clutches during a nesting
season (Hirth 1980; Van Buskirk and Crowder
1994). Determining the number of times a turtle nests
during a season is imporeant, particularly if such data
are averaged and used in calculations to estimate the
number of female turtles in the population (Pritchard
19%0). However, the number of clurches laid is often
derived from incomplete coverage of the nesting sea-
son or nesting area, or loss of the individual from the
nesting group (Bjorndal et al. 1985).

The number of eggs laid per clutch varies among
the species (Hirth 1980; Van Buskirk and Crowder
1994). Smaller species typically lay more, smaller
eggs than larger species, with two exceptions: flat-
back turtles typically lay about 50 large eggs and
leatherback turtles lay only about 100 large eggs.

The embryological development of Cheloniidae
and Dermochelyidae sea turtles (based on green,
hawkshill, loggerhead, flathack and leatherback tur-
thes) is similar in detail up to stage 22, after which
generic and species specific characters become in-
creasingly evident (Miller 1985),

Clurches of sea murtle eggs typically have a high
hatching success (80% or more) unless external fac-
tors {e.g.,pradnmn, environmental change, microbial
infection) intervene (Mational Research Council
1990). To assess the reproductive output of a nesting
population, the emergence success should be calcu-
lated wsing a large number of nests including nests
that do not produce hatchlings.

Periodicity

The mean remigration interval reported for sea urtles
is 1, 3, 4, or 5 years, with a range of from 1 1o ® or
more years (Dodd 1988; Limpus et al. 1994; Van
Buskirk and Crowder 1994) depending on the
species. The actual remigration interval for the popu-
lation may be longer; the discrepancy may result from
tag loss, incomplets survey coverage, too short of a
study perind, or some as yet undocumented aspect of
their biology.

Philopatry

Genetic studies and tagging studies provide evidence
that sea rurtles exhibit a high degree of philopatry in
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subsequent nesting scasons (Limpuos et al. 1984,
1994; Bjorndal et al. 1985; Bowen et al. 1992; Nor-
man et al, 1994). However, not all rurtles rerurn 1o
the nesting site in subsequent seasons (Limpus et al.
1994); some utilize other nesting sites in the general
area (Dodd 1988). The determination of philopatry
depends on identification of the individual and the
coverage of the nesting season and nesting beach.

Site Fixity

Within a season, a murtle will tend to renest in rela-
tively close proximity (0-5 km) during sobsequent
nesting atrempis, although a small percentage may
utilize more distant nesting sites in the general area
{Limpus er al. 1984; Bjorndal et al. 1985; Dodd
1988; Eckert er al. 1989). The ccological conse-
quences of this behavior require elucidation.
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Hatchling Orientation
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As hatchlings, sea rurtles begin a life of astonishing
migratory feats. When the first edition of this volume
was published, movements of sea turtles at many life-
history stages were well documented, but an under-
standing of orientation cues and guidance mecha-
nisms was just beginning. At that time, Archie Carr
described the lack of tenable theories to explain mi-
gratory abilities as “an embarrassment to science®
(this volume). In the years since this prompting, sub-
stantial progress has been made roward redemption.

Sea-finding Orientation

The orientation of hatchling sea turtles from nest to
sea is a robust behavior thar lends itself well to exper-
imentation. Capitalizing on the strong propensity of
hatchlings to move in the brightest direction, N.
Mrosovsky and colleagues conducted numerous srud-
ies to develop a model describing how orienting
hatchlings use light cues (Mrosovsky and Kingsmill
1985). Their experiments with partially blindfolded
hatchlings showed that their rurning toward bright-
ness is initiared by light angle and intensity differ-
ences that are “measured™ at the retina. In this mea-
surement, a hatchling’s eyes seem ro function as if
each were a complex array of light detectors. With
this orientation mechanism, hatchlings average
brightness input over a wide horizontal range (~180%)
and a narrow vertical range (~10*) (Witherington
1992).

The perceprion of brightness is dependent upon
light wavelength and intensity. Experiments have
shown that independent of intensity, short-wave-
length light (near-ultraviolet, blue, green) is more at-
tractive to hatchlings than long-wavelength light (yel-
low, red) (Witherington and Bjorndal 1991a). Unlike
other species, loggerhead (Caretta caretta) hatchlings
have a unique rendency to orient away from mono-
:l:}:;f;atic yellow light (Witheringron and Bjorndal
1991b).



In addition to brightness, horizon silhouette andfor
shapes associated with the horizon also influence
hatchling orientation (Salmon et al. 1992; Withering-
ton 1991). Hatchlings orient away from vertical
stripes and elevated silhouettes, generally irrespective
of brightest direction. In highly directed light fields,
however, with brightness in one direction far exceed-
ing that of competing directions, hatchlings move to-
ward brightness. Beach conditions under which
hatchlings orient seaward withour the seaward direc-
tion being brightest are common. Under these condi-
tions, harchlings deprived of form vision by waxed
paper cannot orient seaward (Witheringron 1992),

Arificial sources near nesting beaches produce
highly directed light fields thar misdirect harchlings
(Verheijen 1983}, Mortality from this behavioral dis-
ruption remains a substantial conservation problem,
Although darkening beaches is the only complete so-
lution, replacing problem light sources with low-pres-
sure-sodium-vapor sources, which emit monochro-
matic yellow light, reduces effects on orienting
hatchlings (Witherington and Bjorndal 1921hb),

Oriantation at Saa

After they enter the sea, harchlings depend on cues
other than light to lkead them away from land {Salmon
and Wyneken 1994). At least two sets of cues, wave
direction and the geomagnetic field, direct swimming
orientation. Swimming hatchlings orient into encom-
ing waves, which establishes seaward movement in
the near-shore zone (Wyneken er al. 1990). Geomag-
netic cues seem to be responsible for guiding a sea-
ward course as hatchlings travel offshore (Lohmann
and Lohmann 1994).

Laboratory studies show that hatchlings are guided
by an inclination compass, like that of birds, rather
than a polar compass (Light et al. 1993). An inclina-
tion compass funcrions by distinguishing the angle of
the Earths magnetic field lines, which vary with lari-
tude, and can provide information both on poleward
direction and degree of latitude.

Hatchlings acquire a magnetic directional prefer-
ence during their initial swimming (Lohmann and
Lohmann 1994}, Once this preference is established
in the laboratory, hatchlings will adjust their bearing
predictably when the magnetic field around them is
altered to imitate inclination angles at different lati-
tudes ({Lohmann and Lohmann, in press). Sea rurtles
are the first animals to show an ability o determine
latirude magnerically. The magnetic sense in hatch-
lings has the potential to indicate both direction and
position and may be the key to a guidance system
used by sea rurtles ar all life-history stages.
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Biology of the Early Pelagic Stage—
The “Lost Year”
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The life history of sea turtle hatchlings from the time
they leave the nesting beach, enter the sea, and be-
come part of the pelagic community until they rerurn
to coastal, benthic foraging habitats as juveniles, has
been known as the “mystery of the lost year™ (Carr,
this volume). Research efforts to unravel the mystery
of this early pelagic stage have focused on the North
Atlantic and North Pacific loggerhead populations
{Caretta caretta). Despite considerable effort, re-
searchers have not found areas where pelagic-stage
turtles can be consistently found for any other popu-
lation or species. The flatback turtle (Natator depres-
sis) may not have a true pelagic stage (Walker and
Parmenter 1990).

The orientation behavior and sensory cues used by
hatchlings first to find the sea and then to maintain
direction ance in the sea are reviewed by Withering-
ton (this velume). Wyneken and Salmon (1992) have
analyzed the swimming frenzy that occurs once the
hatchlings have entered the sea. Variation in the
Earth's magnetic ficld may provide the cues for the
post-hatchlings to orient while in the pelagic current
systems {Lohmann and Lohmann 1994, in press).

Archie Carr (1986, 1987a,b) hypothesized that the
lost year turtles were associated with driftlines, con-
vergences, and rips in the North Atlantic Gyre sys-
tem. Carr (1986) suggested that loggerhead hatch-
lings from the southeastern USA rookeries become
incorporated into the Guolf Seream Current and from
there, those post-hatchlings that are in the eastern
portion of the Gulf Stream become incorporated into
the “Azorean™ Current thar carries them past the
Azores, Madeira, Canary Islands and back again to
the western Atlantic. The size frequency distribution
of loggerheads in the eastern Atlantic complements
the “missing" size classez in the western Adantic
(Carr 1986; Boleen er al. 1993) and was the first line
of evidence that the turtles in the two regions belong
to the same population. Mirochondrial DNA se-
quence patterns are being analyzed to confirm this re-
lationship. In addition, the movement patterns that



Carr {1986) hypothesized within the North Atlantic
Gyre system have been documented (Eckert and Mar-
ting 198%; Bolten and Marring 1920; Bolten et al.
1992a.b; Bjorndal et al. 1994). Satellite telemetry is
being used to document specific movement patterns
within the North Atlantic Gyre (Bolten et al., unpub-
lished data). Movement of Atlantic turtles into the
Mediterranean has been documented by tag recurns
{(Manzella et al. 1988; Boleen et al. 1992a) and con-
firmed by generic analyses {Laurent et al, 1993).
Transoceanic movements for loggerheads in the
North Pacific have been documented using generic
analyses (Bowen et al,, in press).

Duration of the pelagic stage has important demo-
graphic implications. Preliminary results comparing
growth rates estimated from recaptures and those es-
timated from length-frequency analysis suggest the
“lost year™ for the Atlantic loggerheads is more likely
a “lost decade” (Bolten et al., in press). Zug et al. (in
press) using skeletochronology, report a similar time
period for the North Pacific loggerheads,

Jellyfish (e.g., Pelagia moctiluca) are the major nat-
ural diet component of pelagic loggerheads in the
MNorth Atlantic; in the North Pacific, the principal
food sources are the neustonic coelenterare Velells
velella and the gastropod Janthing sp. Young post-
hatchlings feed on a variety of invertebrates (includ-
ing insects) thatr are associated with the Sargasswm
ecosystem (Richardson and McGillivary 1991; With-
erington 1994),

Ingestion of and entanglement in marine debris
{e-g., plastics, tar, and discarded fishing gear) have an
impact on survivorship of pelagic populations (Balazs
1985; Carr 1987a,b; Witheringron 1994). Incidental
take in commercial fisheries (e.g., drifinets and long-
line fisheries) poses another major threat to pelagic
turtles (Aguilar er al. 1992 and 1993 as summarized
in Balazs and Pooley 1994; Wetherall et al. 1993; Ba-
lazs and Pooley 1994; Bolten et al. 1994),

Genetic markers may provide the necessary tools to
link pelagic populations with specific rookeries. From
this linkage, and through collaborative efforts with
oceanographers, factors affecting distribution and
movement patterns may be elucidated in the furare.
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Sea Turtles

583

The modern era of microelectronics has provided
unique insight into the movements of sea turtles. In
this rapidly evolving field, many smudies are aired only
in symposia proceedings, and techniques are often
obsolete at the time of publication. Prospective inves-
tigators should contact their active colleagues. White
and Garrott (19%0) is an indispensable reference.
Early artemprs to electronically monitor movement
used VHF radio transmirters which emit a signal at a
preprogrammed rare (Murphy 197%; Chan et al
1991; Liew and Chan 1993). Individual transmitrers
are identified by frequency or pulse rate and located
using a receiver and directional antennae; transmit-
ters can be modified for data transmission. Active in-
vestigators include myself (Hubbs-5¢a World Research
Institute; leatherbacks), Javier Alvarado (University of
Michoacdn, Mexico; Fast Pacific green turtles), and
Steve Morreale (Cornell University) and  André
Landry (Texas A8M University) (Kemp's ridleys).
Instead of a radio signal, sonic transponders emit a
moderate to high frequency sonic pulse detecrable
uging a directional hydrophone {Ogden et al. 1983;
Standora et al. 1984; Yano and Tanaka 1991}, Trans-
ponders can also be modified to transmit non-loca-
tional data (e.g., temperature, depth). Caveats include
short range and batrery life; background noise can
confuse interpretation. Active investigators include
Ed Standora [State University College of Buffalo; log-
gerheads), Liew Hock Chark and Chan Eng Heng
(Universiti Pertanian Malaysia; green turtles), and
Joanne Braun and Sheryan Epperly (National Marine
Fisheries Service, Beaufory; technique development).
Platform rransmitter terminals (FTT) transmit data
to an orbiting satellite. Life expectancy is highly vari-
able depending on battery configuration. Loggerhead
and leatherback studies have been published by Hays
et al. {1991) and Keinath and Musick {1993), respec-
tively. Active investigators include myself (leather-
backs), Steve Morreale (leatherbacks, Kemp's rid-
leys), Pamela Plotkin {Texas A8cM University; olive
ridleys), George Balazs (National Marine Fisheries



Service, Honolulu; green turtles), and Richard Byles
{U.5. Fish and Wildlife Service, Albuguerque; several
species).

Microprocessor data-loggers sample and record
sensor data (e.g., velocity turbines, pressure trans-
ducers, electrical signals, ambient light, or thermo-
couples) (Eckert et al. 1989; Sakamoto et al, 1993).
Mulriple variables can be measured withour compro-
mising behavior, and resoludon (accuracy) exceeds
that provided by direct observation technigues. The
disadvantage is that instruments must be recovered
for data retrieval. Active investigators include myself
(leatherbacks), Yasuhiko Naito {Japanese National
Institute of Polar Research; loggerheads), and Robert
Van Dam (Scripps Institution of Oceanography;
hawkshills),
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Molecular genetic analyses of marine rurtles have
provided much informartion over the last five years,
and this body of conservation-oriented research will
expand substantially over the next decade. Most of
the research accomplished to date has wtilized mito-
chondrial DNA {mtDNA). The idiosyncrasies of rthis
maternally inherited genome may limit wtility for
some aspects of population genetics and molecular
evolution, but these same fearures provide powerful
applications in cases where maternal behaviors (such
as natal homing) define population structure {Avise,
in press). Nuclear DNA analyses are likely to yield
many revelations in the decade to come, as indicared
by Karl et al, (1992) and FitzSimmons et al. {1995).
For a more comprehensive review of the papers sum-
marized here, the reader is referred to Bowen and
Avise (in press).

Matal Homing

Based on the nest site fidelity of adult females, Carr
{1967) and others suggested thar marine turtles nest
on their natal beach. Hendrickson {1958} proposed
an alternative scenario in which neophyte nesters fol-
low experienced breeders to a nesting site and subse-
guently use this site for nesting effort. These alternate
scenarios have been tested for three species with
miDNA analyses. Evidence from green turtles (Mey-
lan et al. 1990; Bowen er al. 1992; Allard et al. 1994
Morman et al. 1994; Encalada er al., in review), log-
gerhead turtles (Bowen et al. 1993a), and hawkshill
rurtles (Broderick et al. 1994; Bass et al., in review)
are concordant in supporting the natal homing hy-
pothesis for these species. An important corollary of
these findings is that nesting populations are distinct
demographic units. Depletion of nesting aggregates
will not be compensated by recruitment from other
populations.



Phylogeography and Molscular Evolution

The mtDMA data indicate that green turtle rookeries
within an ocean basin arc demographically indepen-
dent over ecological timescales but closely related in
an evolutionary sense (Bowen et al. 1989; Encalada et
al.,, in review). Subsequent analyses have extended
this qualitative conclusion to loggerhead turtles
{Bowen et al. 1993a) and hawksbill turtles (Bass et
al,, in review). Over intervals of thousands of years,
changes in climate and coastal geography probably
drive an ongoing process of rockery extincrion and
colonization. Furthermore, occasional lapses in natal
homing must occur to allow the colonization of new
nesting habitat. Thesé processes may limit the devel-
opment of deep evolutionary separations within each
ocean basin, Despite this mixing, patterns of regional
colonization may be inferred from miDNA sequences
{Encalada et al., in review).

In regard to the global phylogeography of cheloniid
species, evidence from ridleys (Bowen et al, 1991),
green turtles (Bowen et al. 1992) and loggerheads
(Bowen et al., in press a) indicate that continental
barriers have been of overriding importance. Deeper
evolutionary history of marine turtles has also been
analyzed with mtDNA sequence data. Findings of rel-
evance to marine turtle biology include confirmation
of a distant relationship between Natator depressus
and other cheloniid species, the affiliation of Erer-
mochelys with the tribe Carettini rather than Che-
lonini, the genetic distinctiveness of Lepidochelys
kemspi from L, olivaces, and the paraphyly of Chelo-
rig miydas with respect to the putative C. agassiz/
(Bowen et al. 1991, 1993b). Muclear DNA and
mtDMA analyses do not support the taxonomic dis-
tinction of C. agassizi (Bowen et al, 1992; Karl et al.
1992). Sequence divergences at intergeneric and inter-
familial levels, when assessed against fossil-based sep-
aration tmes, indicate that marine turtle mtDMNA
evolves more slowly than under the “conventional®
vertebrate molecular clock {Avise et al. 1992),

Mixed Stock Analysis of
Feeding Populations

One outcome of the mtDNA analyses reviewed here
is the discovery that many nesting populations of
green, loggerhead, and hawkshill turtles contain
unique haplotypes (Morman et al, 1994; Lahanas et
al. 1994). These “endemic™ nucleotide sequences,
and corresponding haplotype frequency shifts be-
tween nesting populations, may be used to estimare
the contribution of reproductive aggregates to feeding
grounds or migratory corridors (Avise and Bowen
1994; Bowen et al., in press h).

In an analysis of miDNA polymorphisms in juve-

nile green rurtles, Lahanas et al. (in review) demon-
strate that nesting colonies contribute to a Caribbean
feeding habitat in cohorts which are roughly propor-
tional to the size of source (breeding) populations and
suggest that this feeding population represents a ran-
dom mix of individuals from regional nesting popula-
tions, In contrast, Sears et al. {in press) conclude that
loggerheads in a South Carolina feeding aggregate are
tot a random mix of individuals from regional nese-
ing populations, but appear to be drawn at higher
than expected frequency from the Georgia/South Car-
olina nesting population relative to the larger Florida
nesting population. Broderick et al. (1994} demon-
strate that two hawlksbill foraging areas in northern
Australian waters are genetically distince from proxi-
mal nesting beaches, consistent with the hypothests
that hawksbill nesting cohorts overlap extensively in
feeding areas (see also Bowen et al., in press c).

Molecular genetic markers have also been used to
document unusually long migratdons in juvenile log-
gerhead turtles, Laurent et al. (1993} demonstrated
that miDNA genotypes endemic to West Atlantic
nesting colonies occur in Mediterranean feeding pop-
ulations. Bowen et al. (in press b} demonstrate that
haplotypes endemic to Japanese and Australian nest-
ing populations occur in juvenile turtles off Baja Cali-
fornia, indicating a developmental migration of over
10,000 km.
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Behavioral endocrinology studies, initiated ar Cay-
man Turtle Farm, first on Chelonia mrydas (Owens
and Morris 1985) and more recently on Lepidochelys
kempi (Rostal 1991), have now been expanded o
wild populations using several different species
(Wibbels et al. 1990; Rostal 1991).

The preliminary gonadotropin work of Licht
{1984) has been significantly modified with the real-
ization that what was originally thought to be an
assay for follicle stimulating hormone (FSH) was in
actuality an assay for neurophysin, which is a carrier
molecule for arginine vasorocin (AVT) (Licht et al.
1984). The AVT and neurophysin are secreted at the
same time and in a very dynamic way during oviposi-
tion (Figler er al. 1989), as are prostaglandins (Guil-
letee et al. 1991). Using a new FSH assay in Caretta
caretta and C. mrydas, Wibbels et al. {1992} found
F5H and LH secreted simultanecusly at ovulation.
Thyroid hormone levels have also been correlated to
nesting, growth, migration and hibernation (Moon
19292,

In wild turtles progesterone levels peak with ovula-
tion (Wibbels et al. 1992}, and the ovulatory process
may be impacred by stress as correlated to corticos-
terone (B) (Valverde et al. 1994). There are several
additional stress/B studies in progress at various labs.
Estrogen (E) is significantly elevated during the follic-
ular development period prior to migration, while
testosterone (T) peaks dramatically and E drops as
migration begins (Wibbels et al. 1990). The ratio of E
to T in the allantoic fluid of harchlings (Crain et al,
1994} has shown promise as a hatchling sexing tech-
nique.

The T-based sex determination { TSD) technique for
immatures has been validated and used in several
studies {Wibbels et al. 1991). The method has proven
useful where the effects of TSD could be important to
their conservation (Boleen er al. 1992}, We have re-
cently been able to estimate the number of nests thar
a female has deposited by the changes in her T levels.
The technique has proven useful when researchers



could not actually monitor each female for each of
her nests (Rostal 1991). In addition, the circulating
steroids in an adult can now be used to predict their
reproductive status {Wibbels et al. 1990, 1992).
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Considerable progress has been made in the last 15
vears in elucidating the physiological mechanisms of
sea turtles. This has been accomplished by laboratory
studies and by the application of sophisticated physi-
ological rechniques to field conditions. Radio, sonic,
and satellite telemetry have demonstrated that sea
turtles range widely in the oceans and dive to great
depths: as much ag 233 m in loggerheads and 1000 m
in leatherbacks (Eckert et al. 1986, 1989; Sakamoto
et al. 1990). Sea turtles have complexly subdivided
multicameral lungs with small terminal air sacs
through which a high flux of oxygen can occur ( Jack-
son 1985; Lutcavage et al. 1987). Carntilaginous sup-
port, and perhaps the smooth muscles distributed
throughout the lungs, allows gas exchange at rates up
to 12 L sec™). This is equivalent to one vital capacity
per second and approximates the flow velocity of
adult humans during a maximal forced expiration.
This support apparently allows nearly complete lung
collapse which prevents gas trapping when turtles
dive to great depths | Jackson 19835). Loggerhead and
green turtles use their lungs as the principal O, store
to support aerobic diving to moderate depths because
their blood and rissue O, stores are similar to those of
their terreserial relatives (Wood et al. 1984; Lutca-
vage er al. 1987, 1989, 1991),

Leatherback rurtles are unique becanse of their
abiliry to dive to great depths, their long distance mi-
grations into cold temperate waters, their diving
physiology, and their metabolic adapations (Pal-
adino et al. 1990}, Deep dives by leatherbacks appear
to be supported by an increased O, carrying capacity
of blood and tissue because the lungs undoubtedly
collapse owing to increased hydrostatic pressure.
Hematocrits and hemoglobin and myoglobin concen-
trations are among the highest recorded in repriles,
and approach levels found in diving mammals. How-
ever, blood O, affinity, Hill coefficient, and Bohr ef-
fect are similar to other torrles (Lutcavage et al
1930). Resting metabolic rates of leatherbacks are
three times those predicted from allometric relation-



ships for green turtles and other reptiles scaled
to leatherback size (0.387 W kg, 1.15 ml O, kg
min~!), but half the values predicred for mau:lrmls of
this size (Paladino et al. 1990}, Lutcavage et al.
(1992) reported a resting metabolic rate of 1.1 ml
kg™! min~! and cabculated a range of dive times of 5
to 70 min that could be supported aerobically, The
lower value for metabolic rate reported by Lutcavage
et al. {1990) appeared to be due to a reduced ridal
volume caused by an increased resistance to air flow
inherent in their gas collection system. They used a
small Hans Rudolph valve (no. 2600} and relatively
small {34 L) Douglas bag as compared to the giant
{7200) Hans Rudolph valve and 200 L Douglas bag
used by Paladino et al. (1990}, The smaller apparatus
is sufficient for most sea turtles but it is inadequare
for the leatherback.

The thermal biclogy of sea turtles depends upon
the hear transfer properties of their environment as
well as the physical and physiclogical characreristics
of the turtles (Spotila and Standora 1985). Large sea
turtles use a unigue combination of thermoregulatory
adaptations to contrel body temperarure. Green tur-
tles display regional endothermy. Warm pectoral mus-
cles probably increase this rurtle's swimming ability
and may facilitate long-distance migrations {Standora
et al. 1982). A resting leatherback has internal tem-
peratures higher than carapace and ambient tempera-
tures indicating that heat is generated internally and
not absorbed from the environment (Standora et al.
1984), Mathematical modelling indicates rthat
leatherbacks can use large body size, peripheral ris-
swes as insulation, and circulatory changes to main-
tain warm temperatures in cold water and to avoid
overheating in warm water (gigantothermy) (Pal-
adino et al. 1990). Future research is needed to eluci-
date the cellular basis for these adaptations and to de-
termine the effect of body size on physiological
thermoregulation.
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This synopsis of marine turtle diseases is presented 1o
raise awareness abour their potential role as direct
causes of morbidity and moreality in marine turtles.

Yiral

Grray-patch disease.
enoLoay: Herpesvirus (Rebell er al, 1975).

pathoLoay: Focal papules or spreading plaques of
epidermal necrosis,

siomFicance: High morbidity and mortality in
post-hatchling mariculture-reared green turtles, Stress
may be a factor in outbreaks (Kleese 1984), While la-
tent infection may be ubiquitous, disease in wild tur-
tles has not been documented (Haines 1978),

Lung-eye-trackea disease (LETD).

emiowoay:  Herpesvirus ( Jacobson et al. 1986).
PaTHoLoay: Conjunctivits, pharyngitis, tracheitis,
and bronchopneumonia.

siamricance: Only reported in mariculture-reared
green turtles.

Bacterial

Various bacterial infections.

emoLoay: Variety of Gram positive and Gram nega-
tive bacteria (reviewed by Lauckner 19835 Glaze:
brook and Campbell 1990a,b; Aguirre et al. 1994).
Vibrio alginolyticus, Aeromonas kydropbila, and
Flavobacterium sp. are associated with ulcerative

stomafitis-obstructive rhinitis~-pneumonia complex
{Glazebrook et al. 1993).



paThoLoay: Abscesses and granulomas, septicemia,
toXemia.

sianiFicancE:  DMany are opportunistic pathogens re-
guiring predisposing factors. Several species (e.g.,
Myecobacterium, Vibrio, Satmonella sp.) may be path-
ogenic to humans.

Chlamydiosis.
enoroay: Chlgmydia sp. (Homer et al. 1994).
raTHoLoaY: Myocarditis,

sicmimcance:  Mortality in mariculture-reared green
turtles. Significance to wild populations is unclear,

Fungal

EmioLoay: Various species including Sporotrichium,
Cladosporium, Paecilomyces spp., and Penicillium
{Jacobson et al. 1979; Lauckner 1985; Glazebrook et
al, 1993),

patHoLoav: Fungal dermaritis and fungal broncho-
prHEWmONIA,

siamipicance:  All reports are from captive green tur-
tles and loggerheads. Most fungi require predisposing
factors to cause disease.

Protozosl

Amebiasis,

enowoay: Ewmtamoeha invadens (Lauckner 1985).
paTwoLoGyY: Enteritis and hepatins.

sismricancs:  Mortality reported in captive marine
turtles only.

Coccidiosis.
enioroay: Caryospora cheloniae (Leibovitz et al
1978).

rarwoLoay: [ntestinal mucosal epithelial necrosis
and encephaliris.

maniFicance:  Mass mortality in captive hatchling
and juvenile green turtles and in free-ranging green
turtles from Auvstralia (Gordon et al. 1993).
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Endoparasites
Trematodiasis.

emioLoay: Diverse fauna of digenean trematodes in
gastrointestinal and cardiovascular systems (Laukner
1985).

rarwoLoay: Usually inapparent infections, Gastroin-
testinal species may cause enteritis and cardiovascolar
trematodes may cause systemic vascular and perivas-
cular inflaimmarion. One species associated with gall-
bladder papillomatous hyperplasia in green turtles
{Lauckner 1985).

sianiFicance: Gastrointestinal  trematodizsis  con-
tributes to debilitation in severe cases. Cardiovascular
trematodiasis may canse sporadic moreality.

Cestodiasis.
emoLoay: Cestodes (tapeworms).

patHoLoay: Adult psendophyllidean tapeworms re-
ported in the gastrointestinal tract are probably non-
pathogenic, Tetrarhynchid cestode cysts on serosa of
gastrointestinal tract and in other viscera.

sominicance: Rare. Reported only in loggerheads
which may be an aberrant host (Laukner 1985).

Nematodiasis.

eTioLoay: Variety of gastrointestinal nematode
species have been described (Lauckner 1985). Suflcas-
caris sulcata (Ascaridoidae) commonly affects C.
mrydas and C, caretta.

paTHoLogY: Enteritis, gastrointestinal obstruction.

siomFAcance: Heavy infections may canse debilita-
tion and death.

Ectoparasites
Leeches (Hirudinea).
enoroay: Ozobranchus species.

patHoLoay: Erosive skin lesions at artachment sites,
Heavy intestations associated with severe anemia.

sismricance:  May infest all marine turtle species al-
though not reported from Dermochelys. Mortality in
captive green turtles and loggerheads attributed to
heavy infestation (Schwartz 1974). Potential vectors
of bloodborne disease although none reported.
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Crustacea {barnacles).

ErioLoay: Encrusting
species {Lauckner 1985).

pathoLoay: Shell lesions, oropharyngeal obstroc-
tion, visceral and joint lesions in burrowing species.

and burrowing barnacle

siamFicamce: Most are innocuoos epibionts. Se-
verely debilitated turtles may have increased epibiont
loads. Heavy loads may increase the costs of locomio-
tion. Burrowing species (e.g., Tubicinella sp.) may
penetrate the body cavity and kill their host.

heoplastic
Green turtle fibropapillomatosis (GTFP).

mmowoay: Probably viral (Herbst et al., in press),
Role of herpesvirus demonstrated in rumors is un-

Proven.

parwoLogy: Cutaneous fibropapillomas and visceral
fibromas.

signiFicance: Cosmopolitan; high prevalence among
wild juvenile and adulr green rurtles in some areas.

Reported in captive green turtles, Similar condition
reported in loggerheads, flathacks, and olive ridleys
(Herbst 1994),

Conelusion

The causes of individual strandings and mass mortali-
ties among free-ranging marine turrles. are poorly
documented, especially when not self-evident (entan-
glement, trauma). Although some non-infectious dis-
ease problems are well documented in free-ranging
populations, we have a better understanding of infec-
tious diseases in captive turtles. A fuller appreciation
of the significance of disease in the ecology of free-
ranging sea rurtles will require prompt, carefully con-
ducted necropsies of stranded turtles and the develop-
ment and application of diagnostic reagents specific
for marine rurtle diseases {Herbst and Klein, in press).
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In the 1979 meeting (Mrosovsky and Yntema, this
volume), we raised three priorities for those manag-
ing sea turtles: 1) learning about the effects of fluctu-
ating temperatures, including those in styrofoam
boxes; 2} studying within-species variation in pivotal
temperatures; 3) locating thermosensitive  periods
within incubation. To these | now add another: dis-
covering what sex ratios are in nature. This conld
provide a benchmark against which to assess changes
resulting from global warming or from conservation
practices (this is not the same as saying that one
should always aim to maintain natural ratios). Apart
from demonstrations that incubarion in styrofoam
boxes does indeed introduce masculinizing biases
(e.g., Dutton et al. 1985), data on the priorities raised
in 1979 remain sketchy. By default, practice or theory
is sometimes based on pivotals from only one or two
clotches, not a safe way to estimate population
means, Knowledge of variance in pivotals is impor-
tant for assessing how turtles might fare during
global warming.

Mevertheless, much has been learned about thermal
influences on sexual differentiation in reptiles. The
proceedings of a recent symposium (Lance 1994} pro-
vide access to this literature. Unfortunately a gap still
exists between the variable temperatures in nature
and the constant temperatures in most laboratory
work, This makes it difficulr to predict sex ratio accu-
rately from nest temperatures. One relevant finding,
with freshwater turtles, is that excursions above the
pivotal are more influential than similar-sized excur-
sions below the pivotal (Bull 1983), For definitions of
terminology, see Mrosovsky and Pieau (1991).

Another problem in estimating sex rarios from nest
temperature is lack of detailed information on ther-
mosensitive periods, except for a study on leather-
backs {Desvages et al. 1993). The reason for wanting
to estimate sex ratios is to avoid having to sacrifice
hatchlings and the associated histology, The glycerine
method (van der Heiden et al. 1985) for sexing has
not been adequately validared for sea turtles, and two



failures to do this have been reporred | Jackson et al.
1987; Mrogsovsky and Benabib 1990). No endorse-
ment of the glycerine method for sea rurtles by histol-
ogy has been published as far as [ am aware, Choos-
ing an appropriate method of sexing is basic for any
study. Regretrably, fixing the gonad and subsequent
histology is still probably the most feasible reliable
method to use in remote areas. It is hoped that this
may soon change.

Since 1979, the idea that temperarure directs sexnal
differentiation has moved from fringy to orthodox, so
much so that remperatures are now being recorded
on beaches in many parts of the world. In some cases
inatrention to methodology reduces the value of the
data. Even a few tenths of a degree can make a differ-
ence to sex ratio, It is not possible to be oo obses-
sional about calibration; for this a good quality Hg
thermomerer is advised. Paying one or two thonsand
dollars for dataloggers does not guarantee that cir-
cuitry will remain in unblemished perfection in the
wet salty sand of a tropical beach. For those using
thermocouples, the how-to-do-it manual by Spotila et
al. (1983) is invaluable,

Clearer formulation of aims might improve some
studies. It is often appropriate to measure tempera-
tures within the egg mass. However, if the aim is to
compare thermal profiles in one situation to those in
another {northern vs. southern rookery, rencurished
vs, natural beach, hatchery site vs. nesting area), then
burying some temperature probes in the sand rather
than in nests themselves should be considered—un-
less one can arrange for turtles to nest on the same
date in the different areas, depositing standard num-
bers of eggs at standard deprhs, with neses disposed in
representative transects.

Finally, on methods, nest temperatures change over
the course of a day. There are various solutions to this
problem (Godfrey and Mrosovsky 1994). In case it is
not feasible to take readings at appropriare times, I
place some probes 60 cm below the surface; ar this
depth temperature variation is reduced,
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During the 1979 conference, the very slow growth
rates of sea turtles under natural conditions were re-
vealed (Balazs, this volume, and references cited
therein). Previously, sea turtle growth rares had been
assumed to be moderately rapid with mose cheloniids
atraining sexual maturity in five to six years. The new
estimates of as many as 40-60 years to attain sexual
marturity revolutionized our view of the life history of
sea turtles and of the time frame required for conser-
vation actions. Considerable effort has been invested
in the studies of growth and age in wild sea turtles be-
cause both parameters are critical for demographic
studies amd development of appropriate management
programs. These studies have taken foor basic ap-
proaches.

First, growth models (e.g., von Bertalanffy, logistic,
Gompertz) have been applied to mark-recaprure data
(Frazer and Ehrhart 1985; Frazer and Ladner 1986;
Bjorndal and Bolten 1988; Boulon and Frazer 1990).
The von Bertalanffy mode] usually has the best fit for
turtle data (Frazer er al. 1990). Most studies have
used the models o extrapolate beyond the studied
size range to estimate age at sexual marurity. Such ex-
trapolation requires caution, although tests on a dara
set of known-aged freshwarer turtles (Frazer et al,
1990} revealed that the removal of smaller individu-
als from the daca caused lirtle change in the asymp-
tote of the growth curve and thuos in the maturity esti-
mate. Removal of large individuals caused significant
changes in the asymptote, which would affect esti-
mates of marurity. Maturity estimates depend upon
the body size selecred to represent maturity; mean
size of nesting females is considered the best index
(Frazer and Ehrhart 1985).

Second, some studies have calculared growth rares
based on mark-recapture data and presented mean
growth rates for 5- or 10-cm size classes of turtles
(Bjorndal and Bolten 198%; Collazo et al. 1992; Lim-
pus 1392; Boulon 1994). Years to grow through each
size class are calculated and summed to estimate the
number of years necessary to grow through the size



interval of the study population, This approach offers
conservative growth estimates, particularly if there is
no extrapolation beyond the size range of the study
population.

Third, skeletochronology—based on periosteal lay-
ers in the humerus—provides estimates of age and
growth rates without the time investment required for
mark-recapture stodies (Frazier 1985; Zug et al
1386; Zug 1991} The technique is handicapped by
the natural process of remodeling that progressively
climinates the inner (younger) growth layers as the
turtle grows (Zug 1990). Protocols are available for
estimating the number of lost layers and ages, buot re-
searchers must be aware of the assumptions and bias
of each protocol (Parham and Zug, unpublished man-
uscript). Periosteal layers represent annual growth
layers in juvenile loggerheads in temperate waters
(Klinger and Musick 19972),

Fourth, length-frequency analysis, in which esti-
mates of von Bertalanffy growth parameters are gen-
erated from length distributions of sample popula-
tions, does not require long time investments to study
growth and age. This technique successfully esti-
mated growth rates for a population of immature
green rurtles of known growth rates based on a mark-
recapture study (Bjorndal and Bolren 1995; Bjorndal
et al. 1995).

Many questions remain unanswered. Research ef-
fort has been uneven among species of sea turtles—
the pelagic leatherback and olive ridley are, not sur-
prisingly, the poorest known. From the studies cited
above and others, we know that there is substantial
variation among species, and among populations and
geographic regions for any species. However, at least

immature green turtles, growth rates apparently
do not vary berween sexes in a population (Bolten et
al. 1992), Growth rates and age estimates based on
captive-raised specimens have proved unreliable
{Bjorndal 1985) and should be avoided.
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The size and growth of any population depend on the
annual number of births and deaths, and on the tim-
ing of maturation, reproduction, and death in each
individual’s life. Population modelling consists of
using known or estimated birth, growth, and death
rates to make projections about the future. The acco-
racy and usefulness of a model depend upon its de-
sign and the guality of input variables. To provide
meaningful output for management decisions the
model must reasonably mimic the life history of the
population and the input values must be realistic. By
varying each rate in a model and comparing its effects
on population growth, the relative impact of nararal
or human-induced changes can be evaluated. This can
help ro prioritize management strategies and future
research needs.

Since the first publication of rhis volume, estimates
of classic demographic parameters (i.e., age-specific
fecundity, survivorship, and age at marurity) have be-
come available for two populations of loggerheads—
one in the southeastern United States and one in
Queensland, Australia. The data used by Richardson
(1982) and by Richardson and Richardson (this vol-
ume) for an early model of loggerhead population dy-
namics have been reanalyzed (Frazer 1983ab, 19584,
1986) and combined with addirional data on
(Frazer 1983a; Frazer and Schwartz 1984; Frazer and
Ehrhart 1985) and survival (Frazer 1983a, 1987) to
provide estimates suitable for an age-specific life
table. Using these parameter estimates, Crouse et al.
{1987) construcred a stage-based marrix model for
this population and concluded thar changes in sur-
vivorship of larger juveniles and adults would likely
have a much greater effect on future population
growth than changes in the egg/hatchling stage. In
other words, effort put into nest protection might be
wasted if large juvenile and adult survival is not also
increased, by reducing mortality due to drowning in
shrimp trawl nets,

The data gathered by Limpus (1985) for Australian
loggerheads also have been recast to provide inputs



for a stage-based matrix model (Heppell, Limpus,
Crouse, Frazer, and Crowder, unpublished manu-
script). Although there are important differences
between the two populations, including a longer esti-
mated maturation time for the Auseralian logger-
heads (Frazer et al. 1994}, the Heppell et al. model af-
firms many of the findings of the Crouse et al, (1987)
model.

Interesting insights from the loggerhead models re-
late to the size {age) structure of populations. Delayed
maturity requires that a very large number of eggs,
hatchlings, juveniles and subadults be maintained in
the population in order to sustain a relatively small
but important number of reproductively active
adults. For example, in the U.S. loggerhead model
{Crouse et al. 1987), more than 498,000 female egps
and immarures would be necessary to maintain a sta-
ble adult female population of only 1277, Thus, a
large number of observed immature individuals (for
example 300,000} does not necessarily mean thar a
population is robust; nor does releasing large num-
bers of juveniles into the wild ensure that a popula-
tion will grow. Likewise, because of the relatively
small number of adults compared to other age
classes, focusing protection only on adults may be
bess effective than increasing survivorship in the much
karger juvenile {or subadult} population. Finally, the
effects of management may take decades to marerial-
ize, particularly if monitoring focuses only on one
stage, such as adules on the nesting beach. Additional
modelling by Crowder et al. {1994} has shown that it
may take up to 70 years or more before the deploy-
ment of turtle excluder devices (TEDs) on shrimp
trawls regults in any substantial observable increase
in the numbers of nesting turtles. If juvenile and adult
survival have been low, an increase in adult survival
may resule in more nesring for a decade or two, as
current adults survive to return to nest more often.
However, this increase may be followed by a tran-
sient decrease in nesting animals {Crowder et al.
1994}, as the relatively fewer offspring produced by
the smaller adult popularion decades earlier begin to
mature.

Early computer programmers developed a concept
known as GIGO (garbage in, garbage out) o help
them remember that even the best models could not
provide reliable output if input values were unrealis-
tic or flawed. Providing good input values for sea tur-
tle models is no small task. Reliable estimates of fe-
cundity require almost constant beach patrols every
night of the nesting season to determine clutch fre-
quency (Frazer and Richardson 19835), which then
must be adjusted for the renesting or remigration in-
terval (Frazer 1984}, Adult female survivorship esti-
mates must take into account the confounding effects
of both tag loss and remigration interval (Frazer

1983b). Because there are no reliable means of aging
sea rurtles, time to maturity must be estimated using
capture/recapture data and growth trajectories
(Frazer and Ehrhart 1985) or data of questionable
value from captive studies (Frazer and Schwartz
1284,

Owing to the complex life cycle of sea turtles, with
different life stages inhabiting distant habitats, dara
gathered in the wild may cover only a portion of the
size class distribution and lead to erroneous conclu-
sions. For example, small loggerheads (<50 cm) do
not typically appear in Florida {USA) waters and
were not included in the growth analysis by Frazer
and Ehrhart (1985). The small loggerheads inhabiring
the eastern Atlantic near the Azores probably come
from western Atlantic rookeries. These turtles
much slower than predicted by Frazer and Fhehart's
(1985) Florida model (A. Bolten, pers. comm.). Thus,
Frazer and Ehrhart probably underestimated average
age at maturity for the Florida adult females. Fortu-
nately, the results of such errors can be assessed by
conducting a sensitivity analysis to determine the ef-
fect of changing the values on model input, and the
loggerhead models are fairly robust in terms of the ef-
fects of errors in estimating age at maturity (Crounse et
al, 1987).

The problems of relative inaccessibility or un-
known whereabouts of certain life srages will con-
tinue to plague those who seek dependable input val-
ues for sea rurtle models. Fortunately, some insight
can be gained from long-term studies of freshwater
turtles. Small and large, young and old, these mrtles
inhabit the same pond in close proximity. Thus, they
can be followed and recaptured much more easily to
determine survival and growth rates. Furthermore,
age at maturity often can be determined exactly, as re-
liable growth (age} annuli may be discernable on
specimens that are first caught when relatively young,
Unlike sea tortles, the shells of these turtles can be
permanently marked with notches or by drilling
holes, and individuals recaptured even decades later
can then be reliably aged once again.

Population models of late-maturing Ffreshwater
species such as Blanding’s turtles, Emydoidea blan-
dingii {maturing at 14 to 17 years old: Congdon et al.
1923), and snapping turtles, Chelydra serpentina
(maturing at 11 to 16 years old: Congdon et al.
1994), indicate that high survival rates are necessary
at each life stage to ensure that enough individuals
survive and reproduce to maintain a population.
These models lead to the inescapable conclusions
that: (a} successful management and conservation
programs for rurtles must protect all life stages, and
{b) sustainable commercial harvests of long-lived,
late-maturing turtle species may well be an impossi-
bility {Congdon et al. 1993, 1994). Given the similac-
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ities in their life histories, the results for freshwater
turtles add support 1o the implications provided by
the sea turtle models (Crouse er al, 1987: Crowder et
al, 1994),

For now, the best models we have indicate that suc-
cessful conservation efforts for sea turtles will be
those that do not neglect any life stage, and that com-
mercial harvests of sea rurtles probably are not sus-
tainable. In the future, those who model sea turtle
populations must remember the concept of GIGO
and recognize that providing reliable input values for
survivorship, fecundity, and age at maturity is not a
simple task. Given the robustmess of the current mod-
els, we suspect that the recent findings for sea turtles
(Crouse et al. 1987; Crowder et al. 1994; Heppell et
al,, unpublished manuscript) and freshwater turtles
(Congdon et al. 1993, 1994) will be further subszanti-
ated as even berter estimares of demographic parame-
ters emerge over the next decade,
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Caretta caretia, loggerhead turtle

Many of the problems described by Ross (this vol-
ume) for this species remain. Major status changes in-
clude the 50-80% decline in nesting females at east-
ern Australian rookeries since the mid 1970s (Limpus
and Reimer 1994) and the listing of the loggerhead as
an endangered species under the Australian Endan-
gered Species Protection Act 1992, Nesting popula-
tions of Georgia and South Carolina, USA, have un-
dergone substantial declines while Florida rookeries
appear to have changed lirtle (Mational Research
Council 1990). This latter conclusion may reflect the
limited long-term census data. In contrast, the South
African loggerhead population has more than dou-
bled since the early 1960s when strong protective
measures were introdoced (Hughes 1989). Popula-
tions currently not identified as in decline may well be
under threat from a diversity of impacts.

Chelonis mydss, grean turtle

Most population declines identified in 1972 by King
{this volume) are continuing, along with many addi-
tional ones. In Indonesia, green turtle populations
subjected to long-term intense egg harvests (Berau
Turtle Islands, Pangumbahan) have suffered order-of-
magnitude declines in egg production since the 1940z
{Limpus 1994); the Aru Island green turtle popula-
tion has been decimated by harvest of nesting fe-
males, largely to supply turtles to Bali {]. P. Schulz,
pers. comm.). In Japan, the decimation of the Oga-
sawara green turtle stock through overharvest of the
nesting turtles during the late 18005 and early 1900s
has been summarized (Horikoshi et al. 1994), The
French Polynesian nesting population appears to have
declined by approximarely 0% (P. Siu, pers. comm.).

The largest slaughter of green turtles globally oc-
curs within the Ausrralasian region, including In-
donesia, Papua New Guinea, Australia, Solomon Ls-
lands, Vanuatu, New Caledonia, and Fiji where, in



order of magnitude, 100,000 green turtles, mostly big
females, are harvested each year. This harvest threat-
ens the stability of the large nesting populations in
Australia and contributes to the decline of other re-
gional stocks. MNear-total egg harvest still charac-
terises the green turtle nesting populations of Indone-
sia, Thailand, and Terengganu in Malaysia. The
decline in the Sarawak Turtle Islands population re-
maing the best documented case study of the long-
term impact of intense harvest of green turtle eggs
{Fig. 1}. Srrong conservation management operating
for decades on depleted populations has resulted in
some recoveries: Sabah (Fig. 1; Basintal and Lakim
1994), Hawaii (Wetherall and Balazs, in press), and
Florida {Owen et al. 1994).

Eretmochelys imbricata, hawksbill turtie

Contrary to the 1979 summary (King, this volume),
hawksbill turtles do/did nest in large aggregations
(dispersed nesting today is probably the result of
overharvest of previously large colonies, eg, Carib-
bean Panama, U.5. Virgin Islands). Recent studies
have highlighted the ongoing overharvest of this tur-
tle (Bjorndal et al. 1993; Miranda and Frazier 1994),
The last remaining large rookeries appear to be in
Australia where thousands of hawksbills breed annu-
ally, but these have no long-term census data.

Although the Japanese Government banned the im-
portation of turtle products in 1994, a substantal
harvest for domestic consumption of meat and scale
continues in Cuba, Indonesia, Solomon Islands, Fiji
and elsewhere. A large proportion of eggs appear to
be harvested in Malaysia (Terengganu), Thailand, In-
donesia, and possibly Philippines.

Hawlksbill rurtles are apparently increasing in only
one region (Trono 1994). After 25 years of strong
protection, hawlkshill nesting ar the Sabah Turtle Is-
lands, Malaysia, has increased more than tenfold
since 1969 (Fig. 2).

Natator depressus, Aatback turtle

The marine turtle endemic to the Australian continen-
tal shelf currently has an annual nesting population
of the order of five to ten thousand females but most
popuolations have never been monitored. Therefore,
long-term population trends cannot be detected. Sig-
nificant negative impacts inclode large epg losses
through pig and varanid predation and potentially
large losses in trawl and gillner fisheries around Aus-
tralia, Indonesia, and Papua New Guinea,

Lapidochelys kempii, Kemp's ridley turtle

Decades of intense conservation management effort
appear to be succeeding. Clutch production at Ran-
cho MNuevo, Mexico, has increased steadily in recent
years (Fig. 3). Whether this is the result of increased
hatchling production at the rookeries or increased
survivorship of adults and near adules resulting from
the use of turtle excluder devices {TEDs) in shrimp

trawls remains to be seen.

Lepidochalys olivaces, olive rdley turtle

This species remains the most abundant of the
world’s marine turtles (Ross, this volume). Long-term
population trends for the species at its arribada
beaches are not well documenred. In Mexico, al-
though only the Escobilla arribada functions as a
major population, the future for the depleted stocks is
promising given the current protection regime. The
Orissa, India, arribada has in recent times been under
threat of incidental mortality in gillnet fisheries,
trawling, coastal and port developments and substan-
tial egg harvests,

There are no demonstrated recovering populations
tor this species. Declines have been demonstrated for
some small populations. Terengganu (Malaysia) stock
has declined from possibly thousands annually to ap-
proximately 20 per year in the early 19905, and the
stock in the Andaman Sea of Thailand has been deci-
mared to only tens of females nesting annually as a
result of long-term excessive egg harvest. The Suri-
nam arribada has declined to a few hundred females
annually in part due to crawling bycatch, This species
is probably suffering from the assumption that, be-
cause it occurs in large numbers ar some localities, it
does not warrant special conservation effort. This
species may not be as secure as it superficially appears.

Darmochalys corisces, laatherback turtle

Since 1979, census data on most rookeries have im-
proved and the global population estimate increased,
especially becanse of reassessment of the Pacific Mex-
ican population and the discovery of the large popu-
lation in Irian Jaya, Indonesia (Pritchard 1982). For
most populations, long-term census data from which
to assess population stability are insufficient (Ross,
this volume). In Malaysia, the dramatic decline to
fewer than 20 nesting females in 1993 ar the famous
Terengganu rockery illustrates the consequences of
harvesting most eggs for more than a generarion (Fig.
4). Incidental mortality in fishing nets probably accel-
erated this decline (Chan et al. 1988). A similar deci-
mation of the nesting population of the Andaman Sea
area of western Thailand apparently occurred
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through near-total, long-term egg harvest, Similar lev-
els of egg loss through harvest and pig predation
characterize the nesting beaches of Irian Jaya, Indone-
sia, and northern Papua New Guinea, the lase major
leatherback nesting populations of the Australasian
PEEIOn.

In South Africa, thirty years of strong protection
have been paralleled by an increase in annual nesting
population from 20 to 90 leatherbacks [Hughes
1989,

Since the 1979 Washington World Conference, the
losses have been extensive and the gains small in
terms of numbers of turtles. Globally, marine turtles
are till on the decline, No species is secure. The dev-
astation caused by long-term near-total egg harvests
is clear. However, major progress in understanding
marine turtle biology and management should make
it easier for rurtle managers to make berter headway
in the next 15 years. Marine turtle population de-
clines can be reversed, bur decades of dedicated con-
servation effort are necessary to achieve just small
progress. Marine turtles cannor cope with increased
mortality substantially above natural levels. They can
survive only if we provide effective long-term conser-
vation management,
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Persistent overexploitation, especially of breeding
adults, for meat, shell, oil andfor skin is largely re-
sponsible for depleted populations of sea turtles
(Groombridge and Luxmoore 1989; Eckert 1993).
Once-vast populations are on the verge of ruin (e.g.,
Indonesia: Greenpeace 1989), In some cases, egg col-
lection alone has been implicated in population
demise (e.g., Malaysia: Chan 1991). International
trade has played a prominent role in the depletion of
sea turtles, especially hawkshills (Milliken and Toku-
naga 1987). Japanese sea turtle imports since 1970
represent 8 minimum of 2,250,000 wrdes (Canin
1891}, Japan recently banned the import of hawkshbill
shell (Donnelly 1991) and removed the last of its
CITES reservations on sca turtles in July 1994,

Incidental capture in shrimp trawls has been impli-
cated in population declines in the USA and Mexico
(Mational Research Council 1990), Suriname (Re-
ichart and Fretey 1993), and Australia (Limpus and
Reimer 1994), Turtle excluder devices (TEDs) releage
trapped turtles, generally without compromising
shrimp catch (Crouse et al, 1992}, and are mandatory
in LS. warers. Longlines hook and kill an estimated
tens of thousands of turtles every year (Nishemura
and MNakahigashi 1990; Balazs and Pooley 1994) and
driftnees kill many thousands more (Wetherall er al.
1333}, Losses due to purse seines and tangle nets
{e-g., Frazier and Brito 1990) have not been esti-
mated,

Nesting beaches are degraded or lost to expanding
urban development and a thriving global tourist in-
dustry. The literature is replete with specifics, includ-
ing rising human activity, high-density coastal con-
struction, beachfront lighting, erosion control
structures, sand mining, port development, and indis-
criminate waste disposal (Groombridge 19%0; Eckert
and Honebrink 1992; Meylan et al., in press; Wither-
ington and Martin, in press), Ar sea, oil spills {Lut-
cavage ef al, in press), persistent marine debris
(Balazs 1985; Witzell and Teas 1994), pollution
{Hutchinson and Simmonds 1992}, and damage to



coral reefs and seagrass (e.g., anchoring, dredging)
threaten dispersal and migratory routes, nursery
habitats, and foraging grounds (e.g., Allen 1992).
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Headstarting is the practice of growing hatchlings in
captivity to a size that (theoretically) will protect
them from the (presumably) high rates of natural pre-
dation that would have otherwise occurred in their
carly months, The rationale is that these turtles will
continue to enjoy high rares of survival even after
they are released to the wild. Headstarting has long
been a subject of controversy among sea turtle biolo-
gists (note conflicting views expressed by Dodd,
Ehrenteld, Klima and McVey, and Reichart in this
volume). Nevertheless, in virtually every country
where sea murtles occur, people have repeatedly un-
dertaken to headstare turtles. Donnelly (1994) re-
views many of these cases and presents detailed eval-
vations of why three of the most prominent,
well-funded and long-lived headsrarting programs in
the world—for green turtles in Florida (1959-1989),
Kemp's ridleys in the United Stares (1978=1993), and
hawksbills in Palan {1982-1991}—have all been ter-
minated.

Critics argoe that headstarting Is not a proven
management technique and may actually be harmful
to turtles. They cite biological concerns that nutri-
tional deficiencies and behavioral modifications asso-
ciated with captivity {including insufficient exercise,
lacking or inappropriate sensory stimuli, the unavail-
ability of namral food, etc.) may interfere with the
ability of headstarted turtles to survive in the open
sea and with those imprinting mechanisms necessary
to guide their breeding migrations (Mrosovsky 1983;
Mortimer 1988; National Research Council 1990;
Woody 1990, 1991; Taubes 1992; Donnelly 1994;
Eckert er al. 1994}, Disease is another problem, with
some 27 sets of disease symproms (many serious)
common in captive turtles (Leong et al. 1989). In
crowded conditions turtles bite each other causing in-
juries commonly invaded by secondary infections that
can lead to loss of body parts (Mortimer 1988). Con-
cern exists that captive-reared rurtles mighe introduce
ot spread diseases among wild populations after their
release (Woody 1981; Jacobson 1993; Donnelly 1994).



The maost heavily subsidized headsearting pro-
grams, especially those at the Galvesron Lab of
MNMFS and the Cayman Turtle Farm (both with mul-
timillion dollar budgets), have produced useful infor-
mation on sea turtle husbandry, behavior and physi-
ology (Caillovet and Landry 1989; Caillouet 1993).
Proponents claim that the emotional appeal com-
manded by headstarting enhances public concern for
turtles (Allen 1990, 1992). Others argue that a few
captive turtles would serve the same purpose and that
the feel good appeal of headstarting siphons money
from other programs which, though lacking popular
appeal, are known to be effective (Mortimer 1988;
Woody 1990, 1991; Donnelly 1994).

Ultimately, the success of headstarting as a manage-
ment tool will be proven only by demonstrating that
the proportion of nesting headstarted females has in-
creased relative to the proportion of non-headstarted
nesting females in the population (Mrosovsky 1983;
Mortimer 1988; National Research Council 1990;
Eckert et al. 1994). A critical point is that the head-
started turtles must nest at the appropriate beach in
order to contribute effectively to the gene pool of the
population {Bowen et al. 1994). Headstarting has al-
ways been considered experimental, bur wntil re-
cently, it has been an experiment lacking design and
controls, In an effort to remedy this, based on recom-
mendations by Wibbels et al. (1989) and Eckert et al.
(1994), termination of the Kemp's ridley headstart
program will be accompanied by intensive marking of
wild hatchlings (as a control} and monitoring of those
headstarted Kemp's turtles that have already been re-
leased (Byles 1993; Williams 1993; Donnelly 1994).

Modelling srudies based on the analysis of repro-
duoctive value (Crouse et al. 1987) indicate that head-
starting is unlikely to ever meet its goal of increased
recruitment into the adult population without a si-
multaneous reduction in juvenile mortality in the wild
(Mational Research Council 1990). Heppell and
Crowder (1994) evaluated stage-based and age-based
population models for Kemp's ridley and concluded
that headstarting could not be a viable tool for
species recovery because the addition of headstarted
turtles is not sufficient to compensate for the annual
loss of fecund adules. These models indicare that at-
tempting to compensate for natural hatchling mortal-
ity without addressing the real causes of the decline of
the species—i.e., overharvest, mortality in fishing gear,
and habirat destruction—is not the best use of the lim-
ited resources available for conservarion programs.
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