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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 are for nesting and 
restricted cases of basking . Consequently . physiological. anatomical. and behavioral 
adaptations have evolved largely in response to selection in the aquatic environment. 



and sea turtles share many common elements with liirger tislics and cetaceans in 
their habitat utilization and migrations. A generalized habitat model may he con- 
structed for sea turtles based on ontogenetic stages (Figure 6.1): 

I. Early juvenile nursery habitat (usually pelagic and oceanic). 
2. Later juvenile developmental habitat (usually demersal and neritic). 
3. Adult foraging habitat. 
4. Adult inter-nesting andfor breeding habitat. 
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FIGURE 6.1 Conceptual model of ontogenetic habitat stages in sea tunics. 

All sea turtles move immediately to the sea after hatching, usually after dark, 
and swim actively offshore. Most then undertake a mostly passive, denatant {sensu 
Jones)' migration drifting pelagically in oceanic gyre systems. Subsequently, after 
a period of years, these now larger and older juveniles actively recruit to demersal 
neritic dcvelopmentai habitats in the tropical and temperate zones. Demersal juve- 
niles in some temperate zone populations make seasonal migrations to foraging areas 
at higher latitudes in summer and lower latitudes in winter (see below) while those 
in tropical areas are more localized in their movements, When approaching maturity, 
pubescent turtles move into adult foraging habitats. In some populations adult 
habitats are geographically distinct from juvenile developmental habitats;24 in others 
they may overlap or co in~ ide .~ .~  Upon maturity as the nesting season approaches 
adults make a contranatant migration toward the nesting beaches. Most mating occurs 

at poorly defined courtship areas that are clone KÃ the nesting beaches relitlive lo the 
distant foraging areas. Afler mating the females move to their respcclivc nesting 
beaches.'-* Courtship areas may be directly HIT 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 sea 
turtles by ontogenetic stages,^ terminology for 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 quite 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 i s  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, Erefmof'helys 
imhricufu and Lepidochelys kempi usually make this shift at a smaller size (and 
younger age) than Che/oiiiu mydas. which in turn makes this shift at a smaller size 
(and younger age), than does Curetta carcrto (see below). Even within C .  raretta, 
western North Atlantic populations make the shift from the juvenile pelagic habitat 
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 (i.e.. 
minimum size of nesting females and clearly mature males with large dimorphic 
tails); however, large numbers of Chehmiu ntyilas. Cciretru curetta, and E. imhricata 
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. kern@ 
and Dei-morhels.'i c a r i a ~ e a . ' ~  The average female commences to breed at a size only 
slightly smaller than the average size of the entire nesting p~pulation.'~ 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 concem- 
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).Ih 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 
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NY. or southern New 1-t1mlund'"" Others are c u ~ ~ l o d  hy t l i c  (lull' S t r e m  and North 
Atlantic gyre into the eastern AtlanticM~14 (see review in M.~rque/-)." The fate of 
these pelagic juveniles expatriated from the Gulf11I' Mexico has been conjectural, 
some authors suggesting that they are lost to the breeding p o p ~ l a t i o n . ~ ~ ~ ~ ~  Conversely, 
there is no reason to assume that Kemp's ridleys do not have navigational abilities 
equal to those of loggerheads and, therefore, probably are able to find their way 
back to the Gulf of Mexico. Mounting evidence on the behavior of demersal juveniles 
in neritic developmental habitats strongly supports the latter hypothesis (see below). 
In addition. MeylanSb reported that from 1980 to 1985, 29% of stranded ridleys 
(mostly juveniles) were reported from the Atlantic coast of the U.S.; the remainder 
from the Gulf of Mexico. If such a large proportion of the population regularly uses 
Atlantic coast developmental habitats, it is likely that they can return to the Gulf of 
Mexico to breed. 

Neonate olive ridleys emerge from the nest at night and rapidly crawl across the 
beach to enter the Nothing is known of the early juvenile nursery area, 
although it most probably is pelagic and oceanic. Even the adults of some populations 
appear to use pelagic, oceanic feeding areas when not breeding or n e ~ t i n g . ~ ~ ~ ~  
Pitman"' reported that 26 of 247 olive ridleys sighted at sea by shipboard observers 
in the eastern Pacific were associated with floating Sar,~a.c.cum. Unfortunately, he 
did not note the size of these animals. 

6.3.4 FLATBACK TURTLE, NATA~OR DEPRESSUS 

Flatback turtles emerge from the nest and rapidly enter the sea at night.6' Evidently 
they lack an oceanic stagea-" and use neritic nursery areas while still feeding near 
the top of the water column. Hatchling flatbacks are larger (5.7 to 6.2 cm scl) than 
most other cheloniidsM and thus may have higher survivorship in the neritic habitat. 

6.3.5 GREEN TURTLE, CHELONIA MYDAS 

Hatchling green turtles enter the sea and continue to swim actively offshore for at 
least 24 h.b.5-6' Thereafter, the hatchlings apparently rest at night, but continue to 
swim actively offshore during the day.37^'-" 14drrz2 documented several pelagic. 
oceanic records of Chelonia neonates or post-hatchlings (520 cm scl) both in the 
Atlantic and Pacificw Many of these were in the vicinity of Saqa.csum drift line^."^ 
However, the occurrence of juvenile Chelonia in or near .Sarp.e.e~~m might be for- 
tuitous because both the animals and the weed could be brought together passively 
in convergence zones." The strong counter-coloration of neonate green sea turtles 
suggest? they are open-water animals, and experiments in the lab~ratory~'-~%howed 
that hatchling Chelonia avoided floating weed and spent a greater amount of time 
swimming in open water than did Cureflu or Ereimwhe1.v.s. Carr and Meylan'" have 
speculated on the most probable routes of transport for early juvenile Cheloniu 
hatched at Tortuguero. Costa Rim, based on major ocednographic circulation patterns 
in the Caribbean. Withams provided a model for the transport of neonate green 

tunics from the casi coast of Florida in the Gulf 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 model presented for loggerheads above) (Figure 
0.2). 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 Caretfa. In addition, the recruitment of Chefonia to 
neritic developmental habitats in general occurs at smaller sizes ( ~ 3 0  to 40 cm 
c ~ l ) ' ~ ~ " - ' ~  than those for Carelio (Â£5 to 70 cm C C I ) . " ~  Therefore. Chelonia must 
spend a shorter time in the oceanic nursery and recruits to demersal developmental 
habitats at a younger age than does Caretto, or it has a much slower pelagic growth 
rate. 

6.3.6 HAWKSBILL, ERETMOCHEWS IMBRICATA 

Upon hatching, neonate hawksbill behavior is much like that reported for other sea 
turtles with emergence at night and immediate movement to the ~ e a . 7 ~  CarrZ2 provided 
several pelagic records of early juvenile hawksbills (5 to 21 cm scl) many of which 
were found in association with Sorga.csum. Other recent records have been provided 
by Redfoot et al,,'b Limpus et and Parker." Unfortunately, other than the one 
original record Parker provided ( ~ 2 3  cm ccl), most of the others he cited were based 
on beach strandinas. and many of the animals might have been neritic and demersal 
prior to death. At least one of his records17 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 for 
long peri0ds.2'~~ Apyarently at least some hatchlings may remain on reefs close to 
their natal be ache^.'^.^" However, Boulonn' 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 cm scl, 23 cm ccl) noted 
above, Thus hawksbills in the Atlantic recruit 10 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.4' In the Indo-Pacific 
region hawksbills recruit to inhabit coral reefs at a larger size (usually >35 cm [eel])' 
and presumably at a greater age. 

Hatchling leatherbacks move immediately to the sea and swim actively offsh~re."~ 
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!' The fate of pelagic juvenile leatherbacks 
after leaving the nesting beach is one of the grcat mysteries of sea turtle biology. 
Other than neonates. there are vety few records of leatherbacks <110 cm c ~ I . 4 ' ~ ~ ~ ' ~  
If Zug and Parham'snn age estimates are correct, and leatherbacks grow rapidly, then 
juveniles virtually disappear for four years. Lutcavage and Lutzuq noted that small 
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loggerheads he tracked from Virginia wintered in two hasically distinct areas: one 
group went down the coast, stayed inshore (hesitating during warm spells at various 
major inlets), and wintered inshore off southern 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 wintering off North Carolina was derived from Geor- 
giaJSouth 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 cm scl) are 
common during the summer in estuaries as far south as Mosquito and Indian 
Lagoons, F l ~ r i d a ~ ~ - ' ~ ~  and in the Gulf of M e x i ~ o . ~ ~ ^ - ~ " ~  In South Carolina and Georgia 
they exhibit seasonal emigration from estuaries into the ocean in the autumn, with 
immigration occurring in the spring.'un 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).""'-"0 We have never observed any evidence 
of brumation in Virginia, nor have Epperly el al.Iu3 in North Carolina where winter 
water temperatures fall below the lethal lower limit for loggerheads (5 to 6.5Â°C)."'~1' 
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 0 7 0 c m  ccl) juvenile and adult Careiia were resident all year in the coral 
reefs of the southern Great Barrier Reef and in Moreton Bay, Australia in the 
southwestern P a ~ i f i c . ~ - " ~  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 m a t ~ r i t y . ~ ~ - ~ " ~ ' ~ ~  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 retum 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. 

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 Carrl%d Carr et 

al.,>' the juveniles curricil hy the Gulf Stream into the Atlantic probably make an 
active rather than a passive migration west from the edge of the continental shelf to 
i n d  suitable shallow developmental habitats such as Long Island Sound. Although 
Gulf 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 

I habitats serve as foraging areas for Kemp's ridley throughout the year, although 
there is evidence for seasonal offshore movements in response to low water temper- 
atures in  inter.^"'^ 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  inter.^^^^'^'^^ 

Chesapeake Bay serves as an important developmental habitat for juvenile L. 
k ~ m p i . ~ - ~ - ' ^  The summer population size has been estimated to be 21 1 to 1083 (a 
minimum estimate) with a mean size of about 40 cm ( c c I ) ' ~ ~  (Figure 6.6). Juvenile 
L. kempi preferred shallower summer habitats in Long Island Sound (<8 m)'20~'2z 
and Chesapeake Bay (<5 m)" than were used by juvenile  loggerhead^,^' and often 
foraged in submerged aquatic grass beds for Callineites 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.43 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 densest concentrations of Kemp's ridleys outside 
the Gulf of Mexico.'"2."" Keinath'" used satellite transmitters lo 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 

I by mid-January. (The transmitter failed on the third turtle in November when the 
animal was approaching Cape Fear, NC). Henwood and  ogre^^'^^ noted that juvenile 
Kemp's ridleys reached their maximum abundance off Cape Canaveral, FL in Jan- 

I 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."-'24 Most juvenile L. kempi in the latter area were captured at 
depths Â£6. m, and all ridleys <25 cm (scl) were from <I 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 andlor 
offshore to avoid cold temperatures, but may remain resident in some areas of the 
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