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6.1 INTRODUCTION

Sea turtles are basically creatures that spend their entire lives in marine or estuarine
habitats. Their only remaining reptilian ties to terrestrial habitats ure for nesting and
restricted cases of basking. Consequently, physiological, anatomical, and behavioral
adaptations have evolved largely in response to selection in the aquatic environment,
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arrlld sea |.unles.s.hart.: many common elements with larger fishes and cetaceans in
t‘ eir habitat utilization and migrations. A generalized habitat model may be con-
structed for sea turtles based on ontogenetic stages (Figure 6.1):

|. Early Juvem’le nursery habitat (usually pelagic and oceanic),
2. Later juvenile developmenta] habitat (usually demersal and neritic).
3. Adult foraging habitat.
4. Adult inter-nesting and/or breeding habitat.
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FIGURE 6.1 Conceptual model of ontogenetic habitat stages in sea turles,

All sea turtles move immediately to the sea after hatching,

and swim actively offshore. Most then undertake 4 mostly passi
Jones)!

usually after dark,
actiy fist ve, denatant {sensu
'} migration drifting pelagically in oceanic gyre systems. Subsequently, after
a p(?l:l()d of years, these now larger and older juveniles actively recruit to dCl;'lCr'ia]
nf:rmfz developmental habitats in the tropical and temperate zones. Demersal ju;'e-
mle.'s In some temperate zone populations make seasonal migrations to foraging areas
at higher latitudes in summer and lower latitudes in winter (see below) while thosé
in tropical areas are more localized in their movements. When approaching maturit.

pub;scenl turtles move into adult foraging habitats. In some populations aduylr;
habitats are geographically distinct from Juvenile developmental habitats: > in others
they may overlap or coincide.’® . .

Upon maturity as the nesting season :
’ ! s seasen approaches
adults make a contranatant mi grati i

on toward the nesting beaches. Most mating occurs

at poorly defined courtship arcas that are close 10 the nesting beuches relative to the
distant foraging areas. After mating the females move to their respective nesting
beaches.”* Courtship areas may be directly off the nesting beaches,” or remote from
the beaches," depending on the population. During the nesting season, females
usually become resident in the internesting habitat in the vicinity of the nesting
beach.!! The focus of the present paper is habitat utilization and migration of juvenile
sea turtles and nursery and developmental habitats.

6.2 METHODS

Although some authors have attempted to define objective size catagories of seu
turtles by ontogenetic stages,’” terminology [or juvenile life history stages has been
varied and often imprecise. The words hatchling and neonate have been widely used
and clearly refer to animals that have guite recently hatched. The term post-hatchling
obviously refers to individuals that are larger and older than a hatchling, but the size
(or age) at which a hatchling becomes a post-hatchling varies by author and is ill
defined. Even less well defined is the size or age when a post-hatchling becomes a
juvenile or an “immature” or a “yearling”, and when this stage becomes the subadult
stage. Many authors have used the term subadult to refer to all juvenile turtles that
have recruited to demersal, neritic habitats. This term is a misnomer for animals that
may not mature for 15 to 45 years. Critical ontogenetic habitat shifts such as that
from the pelagic nursery to the demersal developmental habitats occur in different
species or even populations at different ages and sizes. For instance, Eretmochelys
imbricata and Lepidochelys kempi usually make this shift at a smaller size (and
younger age) than Chefonia mydas, which in turm makes this shift at a smaller size
{and younger age), than does Caretia caretta (see below). Even within C. caretta,
western North Atlantic populations make the shift from the juvenile pelagic babitat
to demersal habitat at a smaller size (and younger age) than do western South Pacific
populations (see below). The adult stage would seem to be easily defined (ie.,
minimum size of nesting females and clearly mature males with large dimorphic
tails); however, large numbers of Chelonia mydus. Caretta caretta, and E. imbricata
that are larger than the minimum breeding size of the nesting females recorded on
the beaches are still sexually immature and hence incapable of breeding.™*'? Sexually
immature turtles that are within the size of breeding turtles also occur with L. kempii
and Dermochelys coriacea.”? The average female commences to breed at a size only
slightly smatler than the average size of the entire nesting population.'”® Conse-
quently, the size and age range for transition from the juvenile to the adult stage is
usually broad within most populations. In order to avoid further confusion concern-
ing ontogenetic stages, we have restricted our use to the terms hatchling (or neonate),
juvenile, and adult. Hatchlings refer to sea turtles that have quite recently hatched
and are still on the nesting beach or at sea only until they commence to feed (i.e.,
while they are dependent on the internalized yolk sac).'® The at-sea period for the
hatchling is short (days). so that size is still essentially similar to that at hatching.
Juveniles include turtles that have commenced feeding, but have not attained sexual
maturity. The term adult will be used to describe all turtles that have attained adult



size, Le., that are larger than minimum breeding size. Adult-sized wrtles within
feeding areas will include a mixture of sexually immature and mature animals, unless
maturity is assessed via direct observation of the gonads and associated ducts or
from a past breeding history. We will reference other terms when used by other
authors. The size of sea turtles is usually given as curved carapace length (ccl, length
measured with tape over the curvature of the back) or straight carapace length (scl,
straight line length of the carapace measured with calipers). When the type of

measurement has not been designated in the literature we have referenced it as
undesignated length (ul).

6.3 EARLY JUVENILE NURSERY HABITATS

After emerging from the nest, neonate sea turtles crawl down the beach, swim into
the waves, and disappear offshore, not to reappear in the neritic habitat until they
have grown to be much larger juveniles.'” This largely unknown stage of sea turtle
life history became known as the “lost year”. Carr'® noted that the lost year puzzle
was the “most substantial of all obstacles to understanding the ecology of sea turtles”,
but he also suggested that the lost year was spent in pelagic, oceanic habitats.
Evidence for that hypothesis has been slowly, but steadily accumulating.

6.3.1  LOGGERHEAD, CARETTA CARETTA

The early juvenile nursery habitat of the loggerhead has been best documented of
all sea turtle species. The occurrence of small loggerheads far at sea ofien in close
association with drifting Sargassum within the North Atlantic Ocean has been known
for several years.'"? Several authors have noted the potential importance of oceanic
convergence zones and major gyre systems in the distribution and local concentration
of juvenile loggerheads.*’** Recent studies have provided strong support for these
hypotheses. Witherington® has documented substantial numbers of neonate logger-
heads along the western edge of the Gulf Stream in convergence zones actively
feeding among Sargassum. Similarly, Richardson and McGilivary*® recorded post-
hatchling loggerheads actively feeding (on aeolian transported insects) in Sargassum.
Behavioral studies in the laboratory”’** have shown that neonate loggerheads are
attracted to floating seaweed and hide in the weed motionless for long periods of
time. (The hatchlings” basic brown and tan coloration renders them cryptic in the
Sargassum habitat.) Carr et al.”’ hypothesized that neonate loggerheads from the
southeastern U.S. swam offshore and entered the Florida current (subsequently the
Gulf Stream) where they became entrained and were passively transported across
the North Atlantic to the eastern Atlantic. Then they drifted south in the North
Atlantic gyre past the Azores and the Canary Islands and subsequently returned with
the North Equatorial Current back into the western Atlantic (Figure 6.2). He based
this hypothesis on the small size classes (<40 cm scl) of loggerheads recorded
stranded in the castern Atlantic.”” (These “lost year” size classes are rare in the
western Atlantic). Witham® had estimated that a young sea turtle could make this
trip in about a year, but other evidence suggests it lasts longer. Several recent pa-
pers*®™** have shown that young loggerheads successfully make trans-Atlantic cross-

Carr, 1987.)

FIGURE 6.2 North Atlantic gyre showing potential oceanic transport routes for pelagic juvenile sea turtles. (After



ngs. Juvenile loggerheads have been reported 0 be common and often captured
incidentally in longline fisheries around the Azores and Madeira - Lohmann et
al."" (see Chapter 5) showed that juvenile loggerheads could use the magnetic field
of the earth for navigation, and could make midcourse corrections 1o maintain their
position in the North Atlantic gyre. Studies near the Azores suggest that juvenile
loggerheads appear to spend a much longer time in the oceanic realm than previously
supposed, the “lost year™ more likely representing a “lost decade™.* This assertion
is supported by skeletochronological studies of pelagic juvenile loggerheads captured
incidentally in oceanic driftnets in the North Pacific.”” These turtles were 2 to 8
years old and probably originated from nesting beaches in Japan. In addition, a large
pelagic feeding aggregation of juvenile loggerheads (20 to 30 ¢cm ul) has been
documented off Baja California."" Genetic studies have shown that these animals
originated in Japanese and Australian rookeries.* Within the Indian Ocean, Hughes*!
has successfully plotted the dispersal of “tagged” juvenile C, carerta from the South
African (Natal) nesting beaches by the Agulhas Current into the Indian Ocean gyre.
Thus, much evidence has accumulated that loggerhead turtle populations nesting in
the northwest Atlantic, West Indian, and West Pacific oceans utilize oceanic, pelagic
nursery grounds, and migrate with the predominant ocean gyres from west to east
for several years before returning to their western neritic foraging and nesting
habitats. The duration of the pelagic stage is highly variable and probably ranges
from three to at least ten years or longer, depending on the individual and ocean
basin. Loggerheads as small as 25 1o 35 cm (ccl) have been recorded stranded in
the Chesapeake Bay (U.S.) developmental habitat.* These animals were probably
about two to four years of age.* In addition, Keinath,* using satellite telemetry,
found that head-started loggerheads released at two years of age off Virginia still
exhibited the same epipelagic surfacing behavior as neonates and migrated east to
the Gulf Stream. However, a head-started loggerhead released at three years of age
became demersal and followed the same autumn migration pattern to the south as
that followed by wild demersal juveniles from Chesapeake Bay. Thus, the ontoge-
netic behavioral shift from epipelagic to demersal had taken place in this individual,

6.3.2  Kemp’s RIDLEY, LEPIDOCHELYS KEMPI

Neonate Kemp's ridleys disappear into the sea and do not reappear in the neritic
zone until they have reached a length of about 20 to 25 em (scl)* or at about an
age of two years.* As their somber coloration would predict, juvenile Kemp’s ridleys
have also been reported in floating mats of vegetation.*® Kemp's ridleys only nest
on one restricted beach area (Rancho Nuevo) in Tamaulipas, Mexico. Thus, pelagic,
oceanic transport of neonates must be initially controlled by the hydrography in the
western Gulf of Mexico.*”#* After initial entrainment in the anticyclonic Mexican
Current off the nesting beach, pelagic L. kempi should be swept into the northern
Gulf of Mexico, then eastward. Some juveniles are probably retained in the northern
Gulf until they migrate inshore and become demersal. Others may be swept south
into the Loop current, and then into the Florida Current and north into the Gulf
Stream™ (Figure 6.3). Most of these have grown sufficiently large to migrate inshore
and to adopt a demersal life-style by the time they reach the latitude of Long Island,
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NY, or southern New England.™ ** Others are carried by the Gulf Stream and North
Atlantic gyre into the eastern Atlantic™™ (see review in Muryuéz). The falc{:n f
these pelagic juveniles expatriated from the Gulf of Mexico has béén con'ectur::;
some authors suggesting that they are lost to the breeding population 2247 Cor{versel .
there is no reason to assume that Kemp's ridleys do not have navigational abililigs,
equal 1o those of loggerheads and, therefore, probably are able to lind their w

pack to .the Gulf of Mexico. Mounting evidence on the behavior of demersal 'uvenilay
in ncnl.u.: developmental habitats strongly supports the latter hypothesis (setjz belowes
In addm‘on. Meylan®® reported that from 1980 1o 1985, 29% of stranded ridle ;
(mostly juveniles) were reported from the Atlantic coast of the U.S‘.' the remaindi,ls'
from the Gulf of Mexico. If such a large proportion of the populatior; regularty uses
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6.3.3  Ouve RiDLey, LEPIDOCHELYS OLIVACEA

Neonate olive ridleys emerge from the nest at night and rapidly crawl across th
beach to enter the surf.’* Nothing is known of the early juvenile nurser -areae
although it most probably is pelagic and oceanic. Even the aduits of some p(; u}lration ‘
Appear to use pelagic, oceanic feeding areas when not breeding or neEtin 5"-‘*'8
Pitman'® reported that 26 of 247 olive ridleys sighted at sea by shipboard obse%‘verq
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6.3.4  FiatBack TURTLE, NATATOR DEPRESSUS

Flatback turtles emerge from the nest and rapidly enter the sea at night.®' Evidentl
they lack an oceanic stage®2** and use neritic nursery areas while still .feedin eai
the top of the water column, Hatchling flatbacks are larger (5.7 lo‘6 2em sclg) ?ha
most other cheloniids® and thus may have higher survivorship in the.nerilic habital:1

6.3.5  GreeN TURTLE, CHELONIA MYDAS

Hatchling green turtles enter the sea and continue to swim actively offshore for at
lea:qt 24 1.1.65""7 Thereafter, the hatichlings apparently rest at night, but ;:ontinuer tdo
swim actively offshore during the day.#$% Carr22 documented, several pelagic
oceanlf: records of Chelonia neonates or post-hatchlings (<20 cm scl) botlllxin%hé
Atlantic and Pacific.* Many of these were in the vicinity of Sargassum driftlines.”
HQWever, the occurrence of juvenile Chelonia in or near Sargaiwsz;m might be f:r-
Funtous because both the animals and the weed could be brought together passively
In convergence zones.'® The strong counter-coloration of neonate green sea turtles
suggests they are open-water animals, and experiments in the laborato .28 h d
tha.t haI'Chling Chelonia avoided floating weed and spent a greater an:)(()unt :)fot\?nie
swimming in open water than did Carerta or Eretmochelys. Carr and Meylan™ have
Islpccltllzéliu:d on the most probable routes of transport for early juvenile Chelonia
' :ttch e Cdt "I‘om':guero‘, Costja Raca,.based on major oceanographic circulation patterns
In the Caribbean. Witham® provided a model for the transport of neonate green

wrtles from the east coast of Florida in the Gull Stream, around the North Atlantic
Basin in the North Atlantic gyre, with return to the Caribbean and Florida in the
North Equatorial Current (the same modet presented for loggerheads above) {Figure
6.2). He also provided tagging records of yearling green turtles released in Florida
and recovered in the Azores and Madeira. Oceanic records of juvenile Chelonia are
not as common as those for Caretta. In addition, the recruitment of Chelonia to
neritic developmental habitats in general occurs at smaller sizes (=30 to 40 cm
ccl)* 717 than those for Caretta (=50 to 70 ¢cm ccl).** Therefore, Chelonia must
spend a shorter time in the oceanic nursery and recruits to demersal developmental
habitats at a younger age than does Caretta, or it has a much slower pelagic growth

rate.

6.3.6  HawksBiLL, ERETMOCHELYS IMBRICATA

Upon hatching, neonate hawksbill behavior is much like that reported for other sea
turtles with emergence at night and immediate movement to the sea.’® Carr®? provided
several pelagic records of early juvenile hawksbills (5 to 21 cm scl) many of which
were found in association with Sargassum. Other recent records have been provided
by Redfoot et al.,’® Limpus et al..** and Parker.”” Unfortunately, other than the one
original record Parker provided (=23 cm ccl), most of the others he cited were based
on beach strandings, and many of the animals migbt have been neritic and demersal
prior to death, At least one of his records’™ was based on a benthic hawksbill captured
in clam tongs inside Chesapeake Bay. In the laboratory, neonate hawksbills were
attracted to floating weed and used it for cover where they remained motionless tor
long periods.2’2* Apparently at least some batchlings may remain on reefs close to
their natal beaches.™% However, Boulon®! reported that juvenile hawksbills recruit
to the demersal coral reef habitat in the Virgin Islands at 20 to 25 cm (scl). This
range complements the largest verified pelagic records (21 e¢m scl, 23 ¢m ccl) noted
above. Thus hawksbills in the Atlantic recruit to the neritic developmental habitat
at a smaller size than either the loggerhead or green turtle, probably at an age of 1
to 3 years. Age and growth have not been determined in pelagic hawksbills, and this
tentative age estimate is based on growth rates in demersal juvenile hawksbills,®
and pelagic juvenile loggerheads® and juvenile Kemp's ridleys.** In the Indo-Pacific
region hawksbills recruit to inhabit coral reefs at a larger size (usually »35 cm [ccl]Y
and presumably at a greater age.

6.3.7 LEATHERBACK, DERMOCHELYS CORIACEA

Hatchling leatherbacks move immediately to the sea and swim actively offshore.
Leatherbacks are pelagic even as adults, and it is not surprising that neonates are
more active than other species of sea turtles, swimming offshore both day and night
for at least six d after entering the sea.t” The fate of pelagic juvenile leatherbacks
after leaving the nesting beach is one of the great mysteries of sea turtle biology.
Other than neonates, there are very few records of leatherbacks <110 cm cel A8
If Zug and Parham’s*™ age estimaies are correct, and leatherbacks grow rapidly, then
juveniles virtually disappear for four years. Lutcavage and Lutz® noted that small



leatherbacks need to consume gelatinous prey (the low-energy food upon which they
specialize) equal 1o their biomass every day in order 1o support routine metabolism.
Their food requirements must even be higher to promote rapid growth. In the oceanic
realm, production necessary to support high biomass of gelatinous (and other)
animals is found primarily in areas of major upwelling such as those along the
eastern sides of the major ocean basins or perhaps in the Equatorial Convergence
Zones.™ These areas may provide nursery grounds for leatherbacks.

6.4 LATER JUVENILE DEVELOPMENTAL HABITATS
6.4.1 LOGGERHEAD

In the western Atlantic, juveniles recruit from oceanic pelagic to neritic demersal
habitats when as small as 25 to 30 em ccl’ (Figure 6.4), but most are 250 ¢m (ccl)
at an age of about 7 to 10 years.** Limpus et al.” reported that loggerheads in Australia
do not recruit to demersal habitats until 70 cm (ccl) or greater (Figure 6.5). Larger
size may be in keeping with the much more expansive gyre system in the Pacific
(thus requiring more time for pelagic juveniles to make the transit), or to slower
growth in pelagic juveniles in the Pacific or both. This is supported by recaptures
of large juvenile loggerhead turtles which had originally been “tagged™ at south
Queensland nesting beaches as hatchlings and which had recently recruited to res-
idency in shallow inshore habitats in eastern Australia at 15 years of age or older.*"
Loggerheads are antitropical in distribution, and nest on subtropical and warm-
temperate beaches.” In the western Atlantic some demersal juvenile loggerheads
make strong seasonal foraging migrations into temperate latitudes, occurring com-
monly as far north as Long Island, NY.” Chesapeake Bay is a major seasonal
developmental habitat in summer® with 5,000 to 10,000 loggerheads present each
summer.”** Around 95% of the loggerheads that visit Chesapeake Bay are juveniles
(Figure 6.4). They usually enter the bay in late May or early June when water
temperatures rise to 16 to 18°C, and depart from late September to early Novem-
ber.** Juveniles become resident for the summer along channel edges (5-13 m) and
forage back and forth along the bottom, passively with the tide within a home range
of 10 to 80 km* with preferred ranges (within the home range) of about 5 1o 15
km®.” These juveniles show strong foraging site fidelity. Animals displaced >100
km have returned to within a few Kilometers of their point of origin within a few
weeks. " Of 121 loggerheads tagged in Virginia, 48 were recaptured there in
subsequent (but not necessarily consecutive) seasons.”* Some were recaptured up to
four seasons, showing strong foraging ground fidelity between seasons. Bowen et
al* showed that there were two nesting populations of loggerheads in the western
North Atlantic; one in Florida, and another north of there in Georgia and South
Carolina. Norrgard”” found that juvenile loggerheads from Chesapeake Bay were
derived at about a 50/50 ratio from both nesting populations. Sears”™* found similar
results for juvenile loggerheads from Charleston, SC. These data suggest that the
Georgia-South Carolina turtles selectively use more northerly summer developmen-
tal habitats than do Florida turtles. The Florida nesting population is about nine
times larger, and the juvenile ratios should have been heavily skewed toward the
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Florida population if there were a random disl.rihuti(m of juveniles from ::illh
groups.” Aerial surveys and satellite tracking studies have shown that whf-,n Juv : e
loggerheads migrate from Chesapeake Bay in autumn, they travel relatively close
to the coast (20 km) and move south, rounding Cape Hangras a-mund Decem-
ber. 1,101 They are joined in the fall by substantial members of juvenile loggerheads
from the sounds of North Carolina.'"*'™ By December most loggerheads have
migrated south of Oregon Inlet, NC,' and by lanuary musl.arc.soulh of Cape
Hatteras.'” Most of the turtles that remain off North Carolina in Janm afld
February are found at the edge of the Gulf Stream.'” Keinath* found that the juvenile



loggerheads he tracked from Virginia wintered in two basically distinct areas: one
group went down the coast, stayed inshore (hesitating during warm spells at various
major inlets), and wintered inshore off southemn Georgia and Florida {one traveled
as far as the Florida Keys). The other group followed the same inshore route south
of Cape Hatteras to about Cape Lookout, NC, then moved offshore to winter on
reefs along the shelf edge on the western side of the Gulf Stream, One might
hypothesize that the group winteding off North Carolina was derived from Geor-
gia/South Carolina rookeries, and those that wintered off Florida were from Florida
rookeries. Only further genetic research will tell.

Juvenile loggerheads of about the same size distribution (50 to 80 em scl) are
common during the summer in estuares as far south as Mosquito and Indian
Lagoons, Florida'*'™ and in the Gulf of Mexico."®197 In Sputh Carolina and Georgia
they exhibit seasonal emigration from estuaries into the ocean in the autumn, with
immigration occurring in the spring.'® In Mosquito Lagoon, Florida, juvenile
Caretta occur year-round, but are captured in smallest numbers during February and
March (the time of lowest water temperature).'™ The reason for this may be because
the turtles emigrate out into the ocean, or rather they may be inactive, actually
brumating in the mud during this period. Juvenile loggerheads commonly brumate
in winter by digging head first into the mud in the Canaveral Ship Channel (in the
ocean not far from Mosquito Lagoon).!®!® We have never observed any evidence
of brumation in Virginia, nor have Epperly et al.'® in North Carolina where winter
water temperatures fall below the lethal lower limit for loggerheads (5 to 6.5°C).1!"112
Henwood'!* noted that juvenile loggerheads reached their peak abundance in winter
in Canaveral Ship Channel, and that some turtles tagged there in winter were
recaptured to the north in summer. In contrast, to the well-defined seasonal foraging
migrations exhibited by juvenile loggerheads along the Atlantic coast of the U.S.,
both large (>70 cm ccl) juveniile and adult Caretta were resident all year in the coral
reefs of the southen Great Barrier Reef and in Moreton Bay, Australia in the
southwestern Pacific.%'" The most southerly of these sites, Moreton Bay, has an
annual water temperature range of 16 to 28°C, much more moderate than those
found in estuarine and coastal waters north of Florida in the U.S. After recruitment
into the eastern Australian demersal habitats, these juvenile loggerheads show strong
forage site fidelity to relatively small areas, mostly remaining within a few square
kilometers for the next 8 to 20 years of growth to sexual maturity.'*15115 Adult
loggerheads, after completing their first breeding migration to distant nesting
beaches, return with high fidelity to the same juvenile foraging areas in which each
had completed its juvenile life.''® They also return to the same foraging sites fol-
lowing subsequent breeding migrations.""® It is strongly indicated that individual
loggerheads in the southwestern Pacific occupy very localized home ranges for the
decades that span their later juvenile and entire adult lives.

6.4.2 Kemp's RiDLEY

Initial recruitment of juveniles from pelagic oceanic to demersal neritic habitats
takes place at a size of 20 to 25 cm (scl) in the northern Gulf of Mexico and in New
England and New York waters.* Contrary to the assumption of Carr'® and Carr et

al.,! the juveniles curricd by the Gulf Stream into the Atlantic probably make an
active rather than a passive migration west from the edge of the continental shelf to
find suitable shallow developmental habitats such as Long Island Sound. Although
Guif Stream gyres may impinge upon the edge of the continental shelf, they rarely
cross the shelf to near coastal habitats.'”” In the Gulf of Mexico, shallow coastal
habitats serve as foraging areas for Kemp’s ridley throughout the year, aithough
there is evidence for seasonal offshore movements in response to low water temper-
atures in winter.*!'% Occurrence of L. kempi in shallow water off northwest Florida
is seasonal, with no turtles captured in the coldest winter months."”® In New York
and New England, juveniles must emigrate coastally to the south or face cold
stunning and death in the winter.?>%%120

Chesapeake Bay serves as an important developmental habitat for juvenile L.
kempi>** The summer population size has been estimated ta be 211 to 1083 (a
minimum estimate) with a mean size of about 40 cm (ccl)'?! (Figure 6.6). Juvenile
L. kempi preferred shallower summer habitats in Long Island Sound (<8 m)'*"'%
and Chesapeake Bay (<5 m)” than were used by juvenile loggerheads,” and often
foraged in submerged aquatic grass beds for Callinectes sapidus and other crabs.?
The seasonal migration pattern is similar to that of the loggerhead, with immigration
in May and June and emigration from September to November. Of 57 Kemp's ridleys
tagged in Chesapeake Bay, 2 were recaptured there in subsequent summers,* Thus,
site fidelity is possible for summer foraging locations. Upon leaving Chesapeake
Bay in autumn, juvenile L. kempi migrate down the coast, passing Cape Hatteras in
December and January. These larger juveniles are joined there by juveniles of the
same size from the North Carolina sounds and smaller juveniles from New York and
New England to form one of the densesi concentrations of Kemp's ridleys outside
the Gulf of Mexico.!"2!1% Keinath*? used satellite transmitters to track three juvenile
Kemp’s ridleys released in Virginia in October. They followed the same inshore
route noted for loggerheads above, and two individuals migrated as far as Florida
by mid-January. (The transmitter failed on the third turtle in November when the
anima! was approaching Cape Fear, NC). Henwood and Ogren'** noted that juvenile
Kemp’s ridleys reached their maximum abundance off Cape Canaveral, FL in Jan-
uary to March, and that their tagging data suggested a northward movement in
summer and a southward movement in the winter. These data complement and
support the pattern of seasonal migration noted to the north.

Ogren® reported that the entire northern coast of the Gulf of Mexico from Port
Aransas, TX to Cedar Key, FL served as demersal developmental habitat for juvenile
Kemp's ridleys. Areas where significant concentrations of juvenile ridleys occurred
included: the Sabine Pass area of Texas; Caillou Bay, Terrabonne Parish, LA; and
Big Gulley east of Mobile Bay, AL. The smallest juveniles (20 to 25 cm scl) were
found in two areas: one off western Louisiana and eastern Texas, and the other off
northwest Florida.**12* Most juvenile L. kempi in the latter area were captured at
depths 6.1 m, and all ridleys <25 cm (scl) were from <1 m. Juvenile Kemp’s ridleys,
then, recruit to shallow estuarine and coastal habitats in the western Gulf of Mexico
and off New England and New York in summer. In winter they migrate south and/or
offshore to avoid cold temperatures, but may remain resident in some areas of the
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FIGURE 6.6 Length frequency distribution (ccl) for Kemp's ridley stranded in Virginia
from 1979 1o 1995.

Gulf of Mexico that are sufficiently warm. It is possible that some individuals may
brumate at temperatures <15°C.'"0

6.4.3 Ouve RipLey

Very little is known about the developmental habitats of older juvenile olive ridleys.*®
Adults may use coastal®®'* or oceanic foraging habitats'™*"'** and juveniles may be
able to use either as developmental habitats, depending on food availability. In
northern Australian continental shelf waters, large immature and adult-sized olive
ridleys (52.0 to 72.0 cm ccl) are captured all year-round in prawn trawls over soft-
bottomed habitats.'?

6.4.4 FiatBack TURTLE

This species is endemic to the Australian continental shelf. Demersal juveniles have
been reported frequently from the prawn trawling grounds inshore from the Great
Barrier Reef and across northern Australia. The species appears to avoid reef habitats,
but is common in turbid, shallow, inshore water throughout northern Australia north
of 25°.5412% Adult flatbacks appear to live sympatricly with the larger juveniles.

6.4.5 GRreeN TURTLE

Juvenile green turtles recruit to demersal developmental habitats at about 30 to 40
cm (ccl) or larger® 7' 7™ (Figure 6.7). In the western Atlantic the summer develop-
mental habitat encompasses estuarine waters as far north as Long Island Sound,
Chesapeake Bay, and the North Carolina Sounds south throughout the tropics. Green
turtles north of Florida must migrate south in autumn or face the risk of cold
stunning.”™120123.12% Guseman and Ehrhart'* noted that the smallest juvenile green
turtles (26.8 to 45.3 cm scl) to appear in the demersal developmental habitat off the
east coast of Florida occurred on sabellarid polychaete reefs, and that as juveniles

FREQUENCY
-]

| |
e m
| L] It TII II-

0 | L

T

0 10 20 30 40 50 60 70 80 90 100 110 120 130
CURVED CARAPACE LENGTH (cm)

FIGURE 6.7 Length frequency distribution (ccl) for green wrtles captured in Shoalwater-
Bay. Australia.

became larger (28.8 to 66.8 cm scl) they moved into the Indian River Lagoon seagrass
beds to forage. Henwood and Ogren'* also noted that juvenile green turtles off Cape
Canaveral were smaller than those in the Mosquito Lagoon estuary.'® Henwood and
Ogren'? suggested that these small coastal green turtles might be in early develop-
mental stages prior to the shift to herbivory and recruitment to shallow inshore
feeding pastures. Mendonca and Ehrhart'™ showed that juvenile green turtles
recruited to the Mosquito Lagoon (Florida) estuarine developmental habitat at 30 to
40 em sel and that some individuals became resident, showing foraging site fidelity.
Many turtles remained in the Lagoon year-round until they approached maturity.
They also noted that the catch rates of juvenile Chelonia were highest in the summer,
but that the winter decline might be due in part to turtle inactivity (brumation?).
Severe cold-stunning events in winter in 1977 and 1978 showed that green turtles
were still common in the Lagoon. Felger et al."*! reported Chelonia 1o burrow in
the mud (brumate) in winter in the Gulf of California. Mendonca'*? noted that
juvenile green turtles in Mosquito Lagoon wandered as far as 5 to 10 km a day
when the water was cooler (11 to 18°C) but established home ranges of 1.2104.1
km when temperatures were above 25°C. Bjorndal and Bolton'* reported that tidal
embayments were important developmental habitats for juvenile green turtles in the
Bahamas. Their tagging studies showed that immigration occurred to other areas of
the Bahamas, Colombia, Cuba, Dominican Republic, Haiti, Nicaragua, Panama, and
Venezuela.

Balasz™ and Green'™ noted that juvenile green turtles in the Pacific remained
on reef habitats and consumed macroalgae. Balasz™ also reported that almost all
juvenile green turtles he tagged in the Hawaiian Islands were recaptured in the same
resident areas. Similarly, all the juvenile green turtles tagged by Green'* in the
Galapagos were recaptured within the archipelago. In the southwest Pacific juvenile
greens occupy the same wide range of habitats as the adults, being common on coral
reefs where algae is the dominant food® and in inshore embayments where the main



food items are seagrasses."” These juvenile greens have displayed strong feeding site
fidelity within their feeding areas (tens of square kilometers) over many years, '\
Some juvenile greens have been under observation in the same localized feeding
areas in the southern Great Barrier Reef for two decades.” Juvenile green turtles
can be resident for years in tropical or subtropical developmental habitats with stable
or moderately stable seasonal temperatures. They may utilize continental foraging
areas in temperate latitudes (to about 40°N) in summer, but must return to subtropical
latitudes in winter 1o avoid cold stunning. Brumation may occur during colder
periods in subtropical estuaries.

6.4.6 HawkssiL

Hawksbills are restricted to the tropics more than any other sea turtle. Juveniles
recruit to developmental habitats at a very small size (20 to 25 cm scl) or even as
hatchlings (see above). The developmental habitat includes shallow (<20 m) coral
reefs and mangrove estuaries”™ where there are abundant sponges, the principal food
of this species.'™ The developmental habitat does not seem to differ from that of
the adult, and juveniles and adults are taken together in the same foraging areas.*'V
Boulon'* tagged juvenile hawksbills in the Virgin Islands and found that many
migrated to areas outside the Virgin Islands. (Nesting hawksbills from the Virgin
Islands have also been found to be mostly migratory)."* In contrast, in eastern
Australia, juvenile hawksbills >35 cm (ccl) have displayed a high fidelity to localized
feeding areas in coral reef habitats with some individuals being associated with the
same site for over a decade.* In addition, juvenile hawksbills less than 30 cm cel
are uncommon in the Great Barrier Reef waters, and none have been recorded in
demersal developmental habitats.** Very little research has been conducted on behay-
ior and habitat utilization in juvenile hawksbills.

6.4.7  LEATHERBACK

Although leatherbacks are pelagic, they recruit seasonally to temperate and boreal
coastal habitats to feed on concentrations of jellyfish.5'9214 [ the western Atlantic,
juvenile Dermochelys appear in these habitats at about 110 to 120 e¢m (ccl), based
on stranding data*'* (Figure 6.8). If we accept the size at maturity (based on the
nesting population in St. Croix) as 137 e¢m (ccl) ( the size of the smallest nesting
female) or as 157 cm (ccl), (the approximate average size of nesting females),'!
then a substantial percentage of leatherbacks stranding along the U.S. east coast
must be large juveniles. Aerial surveys have shown large numbers of leatherbacks
off the northeast coast of Florida in February,'? southern Virginia in late April,'®
and the Gulf of Maine in summer.”? Leatherback strandings from 1980 to 1991 in
Florida occurred mostly between October and April.** Sightings of leatherbacks off
Massachusetts peak in August, with no live sightings before June or after October.'*
Although several tagging and tracking studies have been done on adult females that
show long-distance oceanic migration to higher-latitude coastal feeding habitats,
virtually no work of this kind has been done on Juveniles. Paladino et al.'* pointed
out that leatherbacks were inertial endotherms, but that the high surface area-to-
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FIGURE 6.8 Length frequency distribution (ccl) for leatherbacks stranded in Virginia from
1979 10 1995.

mass ratio in juveniles precluded body temperatures significantly highcr.!han ambi-
ent. The size range at which leatherbacks become efficient endotherms is probably
the same as that when they first appear in coastal, boreal waters (110 to 120 cm cel).

The leatherback shares many attributes with the endothermic scombroid ﬁs!'n'.s
(tunas). Both reproduce in the tropics. Both have been able to expand lheir. effective
foraging ranges into higher latitudes and greater depths (into the thermocline), well
beyond the normal range of their nonendothermic relatives.'®

6.5 CONCLUSIONS

A comparison of the ontogenetic patterns of habitat utilization and migration among
the seven species of sea turtles leads to the following hypolheses:. natural selection
will favor those nesting locations with the highest survivorship during the .vulnerflble
early juvenile stage when predation is highest. Given all sea turtles pest in tropl(.:al.
subtropical, or warm temperate latitudes, the most important deterrn;nam _of ns:stmg
beach locations probably is survivorship of hatchlings and small juveniles in the
nursery habitats. ‘

In sea turtles as in fishes, the numbers and diversity of potential predallors and
resulting mortality rates are inversely proportional to lhg size of the juvenile. The
advantage of pelagic, oceanic nurseries is the low density of p.redatory ﬁ:‘;hes and
sea birds there dictated by low primary production.™-'¥ (Producuve.-upwc_llmg areas
are exceptions.) Based on predator mouth size alone, few pot'emml avian or fish
predators, except sharks,'*® are capable of engulfing hard-b@ued epl?claglc prey
(such as sea turtles) 220 to 30 cm in diameter. Marine crocodiles, which can_also
be significant predators of most size ranges of mun'.nc turll(fs. are Iargcly restricted
to tropical inshore margins of marine turtle foraging habitats. Marine mammals



appear 10 be rarely predators of marine wirtles. Hawksbills and Kemp's ridleys recruit
from pelagic, oceanic nurseries to neritic, demersal developmental habitats at about
20 to 25 cm (scl): green turtles do so at about 30 cm. In arder to avoid predation
from sharks and large teleosts, the smallest demersal recruits tend to use structured
habitats such as reefs that provide cover (hawksbills and green turtles) or very
shallow habitats where larger predators cannot go (Kemp's ridleys), Juvenile log-
gerheads stay in the pelagic. oceanic nursery much longer and to a much larger size.
Apparently, so do some populations of olive ridleys, which may use oceanic feeding
grounds as adults (mostly in upwelling areas with abundant crustacean prey). Log-
gerheads are opportunistic carnivores utilizing a wide variety of prey, including
molluscs, crustaceans, horseshoe crabs, and gelatinous macroplankton, '+ They seem
to be well adapted for long periods of opportunistic foraging (mostly on gelatinous
prey) in the oceanic realm, although they have relatively slow growth rates there.®
Older juvenile and adult green, hawksbill, and Kemp's ridley turtles have specialized
diets (herbivory, spongivory, and cancrivory, respectively), and might be compelled
by dietary energetic constraints to seek out more productive demersal developmental
habitats at smaller sizes than loggerheads. In addition. Kemp's ridley, the smallest
species of sea turtle. seems to have a shorter life cycle and matures at an earlier age
than other species of the Cheloniidae
Most species that primarily utilize pelagic, oceanic nurseries and have relatively
long (23-year) oceanic stages tend to have high-density nesting localities located
adjacent 10 major oceanic currents that can maintain small juveniles passively and
safely for sufficient time for them to grow large enough to lower predation risk and
to have the mobility to actively swim to developmental habitats. Loggerheads, green
turtles, and both Kemp's and olive ridleys seem to fit this pattern. Nesting is mostly
restricted to certain sites used (or historically used) by large numbers of nesters.
Small scattered nesting sites along the fringes or outside of these primary sites are
probably constrained by very low survivorship of the pelagic juveniles caused by
poor access to the passive hydrographic pathways that lead to the oceanic nurseries.
Hawksbills do not fit this patiern well. Although some concentrated nesting areas
exist'* or existed historically, solitary nesting is widespread and frequent mostly on
islands.”™ Hawksbills may have the shortest pelagic stage of all sea turtles (except
the fatback), or hatchlings may recruit directly to demersal developmental habitats
on coral reefs or mangrove flats. Also, they tend to occur in archipelagos where
local or regional hydrographic features may be more important than major oceanic
gyres during the short passive transport stage of the juveniles. Leatherbacks are
pelagic during all stages of their life, and utilize oceanic habitats more than any
other sea turtle.”"'*' Although there are some high-density nesting areas,'s''52 much
scattered nesting oceurs, and this species may have lower renesting fidelity than
other sea turtles.'**!** This apparent enigma may be explained by the larger size and
faster growth rates and superior swimming ability of neonate leatherbacks. These
attributes may render juvenile leatherbacks much less dependent on passive transport
to the oceanic nurseries. Young leatherbacks undoubtedly use major oceanic current
systems for transport, but may be more capable of actively reaching those passive
pathways,
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