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Figure 1. EXAMPLES OF POTENTIAL IMPACTS OF HABITAT ALTERATIONS ON SEA TURTLES
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In order to identify detrimental habitat alterations, it is
necessary to know the habitat requirements of the species in question.
Unfortunately, our knowledge of the habitat requirements for sea turtles
is known only in a general way. For example, we only have a fragmentary
picture of the biology of sea turtles in the marine environment, where
they spend most of their lives, while we have detailed information on
the very brief but critical period they spend on the beach (Owens 1980).
Use of a wide range of habitats exposes turtles to man's activities during
some portion of their life. In this report we give a brief life history of
sea turtles and consider two major divisions of turtle habitat: 1) beach,
and 2) oceanic and estuarine. Various modifications are briefly described
and referenced under each division.

LIFE HISTORY
The life histories of all species of sea turtles are similar.

They spend nearly all of their life in the water, either in large bays
and sounds, in ocean waters relatively close to land, or in the vast
reaches of the seas far from land. They mate in the water and the fe-
males come ashore on a sandy beach, usually at night, dig a hole in the
sand above the waterline, deposit the eggs in the nest, cover them with
sand, and return to sea.,

Nesting
The nesting phase of turtle life history is generally con-

sidered to include the time spent close to the beach between nestings,
as well as the time spent on the beach constructing nests and depositing
eggs. General nesting requirements for all species are the same: sandy
undisturbed beaches, readily accessible from the surf, and adjacent
ocean areas where the turtles can rest between nestings.

The loggerhead, Caretta caretta, the most northward-breeding of
the sea turtles found in waters of the southeastern United States, seems
to prefer a wide-sloping beach (Caldwell 1959). Major nesting beaches
are found on Cape Romain, S.C., the Cumberland Island area, Ga., Merritt
Island, Fla., and Hutchinson Island, Fla. (Carr et ale 1979). Carr and
Carr (1977) report that 90 percent of the loggerheads in Florida nest
along a coastal strip ~rom Volusia County to Sroward County. The
Florida east coast nesting colony is apparently second in size only to
that of Masira Island, Oman (Carr et ale 1982). On the other hand,
loggerhead nesting is sparse in the Gulf of Mexico (Carr et ale 1982).
Loggerheads nest at night from May to August, usually every second or
third year (Richardson et ale 1978).

I
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The green turtle, Chelonia mydas, seems to prefer a beach with
a steep slope, a platform above high tide, and light-weight medium-
coarse sand (Rebel 1974; A. Carr, pers. comm. cited in Woodard 1980a).
Nesting in the U.S., restricted to small populations on Florida's east
coast (Carr et ale 1979), occurs at night from June through August at
intervals of 2, 3, or 4 years. As many as seven clutches, 9 to 13 days
apart, may be laid in one season (Carr and Ogren 1960).

The leatherback, Dermochelys coriacea, is dependent on steep
wide beaches free from obstructions and with an open approach from the
sea. They nest at night in the northern hemisphere from March to July,
probably every other year (Baker 1981). Nesting, rare in the United
States, is restricted to the east and west coasts of Florida. Pritchard
and Stubbs (1982) speculate that a few leatherbacks nest annually on
each of many Caribbean islands, but that the western Atlantic probably
has a few large leatherback populations that tend to concentrate their
nesting in major rookeries. Baker (1981) estimates that 50-70 leather-
backs nest on st. Croix, U.S. Virgin Islands, and that probably fewer
than 25 nest each year in the continental United States. Up to six to
seven clutches are laid about 10 days apart •.

The hawksbill, Eretmochelys imbricata, is less of a colonial
nester than other species. Small numbers nest at night on a vast number
of tropical beaches, generally close to potential or actual feeding
habitat (Carr 1972a as cited in Fuller 1981; Pritchard and Stubbs
1982). Length of the season varies with climatic conditions, but
throughout the Caribbean it lasts from about May to August. Carr and
Stancyk (1975) suggest that Tortuguero hawksbills nest every three years
and lay at least two clutches.

The Atlantic ridley, Lepidochelys kempi, the only species to
nest primarily in daylight (Pritchard and Marquez 1973; Fritts and
Hoffman 1982), nests almost exclusively in the Gulf of Mexico along a
single small stretch of beach in the Mexican state of Tamaulipas
(Pritchard and Marquez 1973). It seems t~ prefer sections of beach
backed up by extensive swamps or large bodies of open water. A well-
defined dune area seems necessary for eggs to hatch successfully, pro-
bably because the dunes give the turtle a landmark for digging the nest
above mean high tide. Nesting occurs between mid-April and mid-July
(Carr et ale 1979), when there are strong or moderate north winds
(Pritchard and Marquez 1973). Females lay 2 to 3 clutches and may nest
every year (Zwinenberg 1977) •.

Sand particle size has an influence on nesting success
(Mortimer 1979, 1981a; Schwartz 1982). If the sand is too fine, gas
diffusion necessary for the eggs to hatch is inhibited and respiratory
gas exchange and embryonic development is affected. If the sand is too
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coarse, the nests cave in. Mortimer (198la) found a positive correla-
tion between hatching success and depth of nest for green turtles, pro-
bably because higher moisture levels occur at greater depths. Studies
have shown that eggs absorb moisture from the sand. Elevated levels of
salinity in nests may induce desiccation through osmatic stress
(Mortimer 1981a).

Incubation duration, sex ratio, and hatchling emergence from the
nest are influenced by temperature (Mrosovsky 1980, 1982). In natural
conditions it is estimated that a l'C decrease in temperature adds about
8.S days to the incubation period. Incubation periods vary by species
and conditions but range from about 4S-70 days. In green turtles
Morreale et ale (1982) found that lower nesting temperature «28'C) pro-
duced nearly all males while in warm thermostable nests (>29.S·C) nearly
all the eggs developed into females.

Thermal inhibition of nest activity (at >28'C) is a major fac-
tor limiting the emergence of hatchlings (Bustard 1967; Mrosovsky 1968),
and digging is resumed only when lower nocturnal temperatures return.
Nocturnal emergence can enhance survival by protecting hatchlings from high
surface temperatures on tropical beaches and from visually-oriented preda-
tors (Caldwell 19S9; Bustard 1967). After struggling to the surface, hatch-
lings crawl over widely different beach surfaces in nearly all types of
weather, toward a sea they have never seen (Carr and Ogren 1960; Ehrenfeld
and Carr 1967; Mrosovsky 1967 as cited in Kingsmil1 and Mrosovsky 1982).
They use visual cues and react positively to the brightest horizon. Since
there is nearly always a brightness differential between the dark landward
horizon and the more open seaward horizon, they head toward the ocean.

Developmental Stages
After hatchlings enter the ocean, the habitat they occupy varies

with time and developmental stage. Initially, hatchlings entering the
ocean appear to have a frantic offshore swimming motion to take them
into their juvenile habitat (Carr 1982). Kraemer and Bennett (1981)
found that post hatching yolk can support "frenzied" swimming activity of
loggerhead hatchli~gs during the first few days after emergence. Frick's
experiments (1976) reinforce assumptions that the swim frenzy and yolk
store are suitable for a period of long range travel toward an open-ocean
"lost-yearz" habitat. Witham (1980) believes this data strongly suggest
that the initial post-hatching period, "the lost year", is a period of
oceanic existence when turtles opportunistically use ocean currents and
food resources to disperse and survive. There is increasing evidence that
at least some species spend their time in sargassum rafts (Caldwell 1968;
Fletemeyer 1978b; Carr and Meylan 1980a; Carr 1982; Pritchard and Stubbs 1982).
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Following the "lost year" phase, the young turtles appear in
areas suitable for completing their development to adults. Important
development areas in the southeastern U.S. include lagoons in Florida
(Ehrhart 1980), bays behind the Georgia Sea Islands and Pamlico Sound,
N.C. (Carr et ale 1979), and Chesapeake Bay (Lutcavage 1981). In
these areas juvenile sea turtles find abundant food and protection
from larger predators. Unfortunately, they also find dangers engen-
dered by intense human activity. Pritchard and Stubbs (1982) found
that hawksbill juveniles, after drifting with sargassum rafts, would
settle on a suitable reef. Hawksbills of all ages and sizes inhabit
the diverse reef areas of Puerto Rico and adjacent islands (Carr
1980). A few hawksbills and green turtles, ranging upward from
dinner-plate size, are found throughout the Virgin Islands area where
coral reefs and seagrass beds are widespread (Carr et ale 1982).
Young loggerhead turtles are known to enter estuaries (Ernst and
Barbour 1972). Heavy mortality of sub-adults in shrimp trawls
suggests that they are especially abundant in sounds and bays in
Georgia and South Carolina (Hillestad et ale 1977; Ulrich 1978).
Loggerheads up to 50 cm long are found in estuaries and coastal
Georgia waters from April to October. Shrimpers off Georgia also
catch non-nesting ridleys, greens, and an occasional leatherback (3-5
km offshore only). About 88% of all Georgia strandings, mostly
loggerheads, are classified as juveniles or sub-adults (Richardson et
ale 1978). Immature ridleys and loggerheads above dinner-plate size,
found in Chesapeake Bay from May to October (Lutcavage 1981; R. Byles
pers. comm.), are susceptible to drowning in the hedges of pound
nets. Ehrhart (1980) found immature green and loggerhead turtles in
the lagoonal systems surrounding Kennedy Space Center where there
appeared to be a colony of approximately 140 young green turtles, of
all ages except the "lost year" and adults, living on the grass flats.
There is evidence that both species bury in the mud to overwinter
(Felger et ale 1976; Carr et ale 1980; Ehrhart 1980; Ogren and McVea
1982), but recent trawling in channels north of Cape Canaveral has
failed to find buried turtles (Richardson and Hillestad 1979; L. Ogren
pers. comm.). The area off Mobile Point Peninsula, Ala., where juve-
nile ridleys have been captured by trawlers, may be a developmental
area for this species (Carr et ale 1982). Small green turtles have
been found in the lower Laguna Madre in southwest Texas, and a few
juvenile leatherbacks have been found feeding on jellyfish in the
western Gulf of Mexico. Loggerheads frequent the entire continental
shelf off both Texas and Louisiana and are fairly common around oil
platforms, rock reefs and shipwrecks (Carr et ale 1982).
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Foraging and Resting
Sea turtles range from being very specialized feeders to being

fairly omnivorous. Young green turtles feed mainly on small marine
invertebrates (Carr 1965 as cited in Rebel 1974; Bustard 1976) before
becoming herbivorous adults and feeding primarily on seagrasses and marine
algae (Rebel 1974; Mortimer 1976; Carr 1977; Bjorndal 1980; Thayer et
al. 1982), although a few small invertebrates are still eaten. It is
the only species to subsist mainly on plants. Green turtles can be
found around shoals, lagoons, and bays where marine grasses and algae
are plentiful. Once a suitable feeding ground is found, they show a
strong tendency to become resident, and are likely to display homing
behavior once residency is established (Carr and Caldwell 1956; Schmidt
1916 and Burnett-Herkes 1974 as cited in Ehrhart 1980).

Food habits of hawksbills are not well known, but available data
suggest invertebrates such as sponges and barnacles are important in the
diet (Carr 1952; Carr et al. 1966; Carr and Stancyk 1975). Perhaps as
Hendrickson (1980) suggests, their strategy for survival is that of a
scrounging omnivore tied to a coral reef habitat.

Loggerheads are primarily carnivorous (Carr 1952) and may forage
widely for molluscs and crustaceans, such as crabs, conchs, and clams (Carr
1977; Hendrickson 1980; Mortimer 1982b). Some ma~ take up regular seasonal
feeding stations on a suitable patch of rock or coral bottom; others may
enter bays, lagoons and estuaries (Ernst and Barbour 1972). They generally
spend more time in the open ocean and less time near grass flats than green
turtles.

The limited data available for the Atlantic ridley indicate that
it feeds on crabs and other invertebrates associated with the bottom (Dobie
et al. 1961; Ernst and Barbour 1972; Zwinenberg 1977). There appears to be
two main forage areas, one off Campeche and the other off western Louisiana
(Pritchard and Marquez 1973; Carr 1980; Hildebrand 1982).

Leatherback turtles appear to be more specialized feeders. The
diet of these open sea inhabitants consists almost entirely of jellyfish
and tunicates (Rose 1950; Brongersma 1969, 1972; Bustard 1976; Baker 1981;
Fletemeyer 1980c; Hendrickson 1980). Often they may not differentiate bet-
ween jellyfish and floating plastic, for nearly 50 percent of leatherback
stomachs examined contained plastic or cellophane (Mrosovsky 1981). This
foreign material may cause an intestinal obstruction or decreased absorp-
tion from the gut.

Resting and feeding habitats mayor may not be the same. Green
turtles have been reported to frequently sleep among rocks and coral
crags on the sea bottom (Carr and Ogren 1960; Carr 1967; Travis 1967),
and the hawksbill is considered a reef inhabitant throughout its range
(Carr and Stancyk 1975). Loggerheads have been reported resting on
reef-like structures associ~t~d with oil platforms (Hastings et al.
1976) and power plants (Witham 1982).
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feeding (Hastings et ale 1976; Rabalais and Rabalais 1980; B. Gallaway
pers. comm.). This could be a positive facet of habitat alteration
unless turtles remaining in these areas were exposed to pollutants or
increased predation. Dredging, otter trawls, ordnance impact, and boat
propellers can damage coral reefs and seagrass beds directly by altering
bottom topography and indirectly by increasing sediment and changing
patterns of water flow. Rogers (1977) documents responses of corals
to sediments, and Thorhaug (1981) and Zieman (1982) consider the respon-
ses of seagrasses. Altering physical features close to nesting beaches
could alter nesting distribution of turtles.

A wide number of activities contribute directly to the death or
injury of turtles. Garbage discharge from ships may attract turtles and
cause them to ingest plastic and other foreign material accidentally, or
to become entangled with refuse. Green turtles near Ascension Island
have been found with turnip tops in their stomachs (A. Carr pers.
comm.), and young turtles have been found with styrofoam pellets in
their guts (A. Meylan pers. comm.). Turtles have been observed trying
to swim with sheet plastic wrapped around their shells (Morris 1980a).
Activities associated with fishing cause much damage. All species are
susceptible to injury by power boats (Fletemeyer 1979b), and those
attracted to refuse from seafood packing plants are particularly
vulnerable (Shoop and Ruckdeschel 1982). Incidental catches of turtles
in various fishing gear, particularly in shrimp trawls, have received
much attention (see Shrimp Management Plan, Fuller 1981; Recovery Plan
for Marine Turtles, Hopkins and Richardson 1981; Roithmayr 1981; and
Crouse 1982). Immature loggerheads and ridleys in bays and sounds are
particularly susceptible to shrimp trawls, pound nets or other nets in
nearshore areas. Loggerheads are attracted to fish culled from shrimp
trawlers and to refuse from seafood packing plants (Shoop and Ruckdeschel
1982), making them more vulnerable to trawls. Leatherbacks, the most pela-
gic species, may become entangled in long lines and drift gill nets (Balazs
1982a, 1982b). Increased strandings in South Carolina during the nesting
season correspond to the gill net fishery for sturgeon (S. Hopkins pers.
comm.). Power plants ranging from Florida to New Jersey have reported
turtles, mostly immature loggerheads, that have been collected on cooling
water intake screens. The average annual incidental catch for one power
plant in Florida was 134 from 1977-1979 (Wilcox 1980 as cited in Roithma¥r
1981). The offshore intake structure of Florida Power and Light Company s
st. Lucie Plant may appear as a reef or a suitable resting area, from which
some attracted turtles may be subsequently drawn into the cooling system.
Also, turtles may follow prey into the canals (Witham 1982). Over a
12-month period a power plant on the Cape Fear River, N.C., collected three
loggerheads and a green turtle from an upstream intake (W. Hogarth pers.
comm.). Lighted permanent structures at sea (OTEC, oil rigs), which may
attract young sea turtles (Witham 1982), may also attract pelagic fish that
will prey on the turtles. Hatchling turtles have been observed aggregating
near a lighted vessel anchored off a major nesting beach (Rainey 1978).
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