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Introduction

[llusive, yet obliging; soundless, yet compelling; exploited, yet persistent; sea turtles represent some
of the most ancient mysteries of the sea. How fitting that these silent creatures should harbor so
many secrets. We've only recently begun to open the door to the mystery of hawksbill and green sea
turtles, despite centuries of commercial and artisanal exploitation. We still know little about their
daily habits, their navigational abilities, what motivates their migrations, how their diets develop,
how quickly they heal, or even their ability to see. But with help from modern technology, sea tur-
tles are revealing much more about the oceans than we ever knew before—more about water tem-
peratures, currents, food sources, and bathymetry. As a pair of researchers working on two separate
projects in different oceans, we have taken a step back to introduce some of the big issues facing sea
turtles in general and the Caribbean hawksbill and Pacific green in particular.
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Background

This study focuses on the hawksbill and green sea turtles. The species name for the green sea turtle
is Chelonia mydas. The name literally means “wet turtle” in Greek, a fitting label for an animal that
spends less than 1 percent of its life on land. The hawksbill turtle, Eretmochelys imbricate, gets its
name from the overlapping (imbricating) scales on its back. These turtles owe much of their existence
to that small percentage of their lives when, after mating just offshore, female turtles haul their massive
bodies out of the water and onto the beach to lay their eggs. Preparing a nest is an arduous task—and
a feat—considering that the turtle has just lugged herself out of the water, up 50 or 60 feet of shallow
sloped beach, usually over some amount of flotsam and jetsam, sometimes up a sand embankment,
then through a strand of vine-laden beach vegetation.

It's at this point she begins to dig out the nest with her hind flippers, now and then testing the depth.
When it is approximately 13-17 inches (35-42 centimeters) deep and has the shape of a tunnel termi-
nating in a bulbous cavern, she settles her posterior into the depression and, one by one, deposits some
100-130 tennis ball-sized eggs with soft, rubbery shells (figure 1). Once finished, she then begins the
process of filling in the nest hole, which she does by cupping the hind flippers and, swaying side to side,
scooping sand in toward her posterior midsection. When the sand over the nest is compacted, she then
goes about concealing the nest by using the front flippers to fling sand rearward. Turning in all direc-
tions over a period of several minutes, she flings the sand in an effort to make the area look as though

Figure 1. This nesting hawksbill has already dug out her nest and is now laying her eggs. Hawksbills

typically lay 100-130 eggs in each nest and may nest three or four times in a season. The eggs will incubate
for up to sixty days before hatching. The sex of each hatchling is determined by the temperature of the nest,

a phenomenon known as temperature-dependent sex determination.
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nothing out of the ordinary has taken place there. Once satisfied the nest is camouflaged, she begins
the trek back to the sea in haste and, plodding her way over the tide-washed beach, disappears into
deeper water.

The clutch of eggs remains buried for 40—65 days, depending on the species. When the hatchlings
first emerge, they're no larger than a computer mouse and spend the first hours of their lives scurry-
ing madly toward the water, desperately seeking that first bath of salty water that will carry them out to
sea. In the race for the water’s edge, they’re most often also trying to evade hundreds of seagulls, pel-
icans, crabs, and other kinds of predators that descend onto these beaches looking for an easy meal.
Those mouse-sized turtles that do survive the onslaught of predators on the beaches entrain them-
selves in large circulating currents and begin to grow. Years pass and, if they're lucky, these turtles have
grown from weighing less than a chicken egg to between 160 and 600 pounds (72 and 272 kilograms)
and return to the same shore from where they were birthed to produce the next generation of turtles.

It is this transition from deep sea, to land, and back that is most intriguing and brings us to study
and learn more about the seafloor, or bathymetry, and the benthic habitat that influences the forag-
ing, home range, and migration patterns of these turtles. One of the striking features of sea turtles,
unique among reptiles, are the long broad arms known as flippers that allow them to swim with amaz-
ing speed and agility. They actively prey on jellyfish and squid while muscling through currents and
swimming thousands of miles every year. However, a substantial portion of their diet comes from for-
aging on the seafloor. Commonly known to migrate to and feed from the bottom of the ocean, turtles
are heavily reliant on the seafloor.

They are also well armored with shells made of bone and overlaid with hard keratin plates, called
scutes. The only natural predators of sea turtles are sharks, known to be voracious, deadly, and nota-
bly, pelagic. The benthic zone is the lowest level of the body of water, including the sediment and some
subsurface layers. Organisms that live in this region are referred to as either benthic or demersal, and
while many are permanently anchored to the seafloor, turtles and sharks spend time in both benthic
and pelagic habitats. The tiger shark, a common nemesis of Hawaiian greens, has serrated teeth that
can saw through the hard shell of an adult turtle and leave a hole a foot or more in diameter in a turtle’s
back. Because sea turtles cannot withdraw into their shells like box turtles, they are unable to defend
themselves except through sudden bursts of careful maneuvering and speed and can sometimes
outswim a predator.

Turtles and bathymetry

Sea turtles are intimately dependent on the sea floor for survival. For hawksbill and green turtles,
shallow regions of the ocean’s floor provide rocky crevices under which to rest, areas for aggrega-
tion during mating (van Dam et al. 2008), and habitat in which they forage for food. Specific bathy-
metric features may even provide landmarks for home ranges and migration routes. With a lifelong
focus on the ocean floor, green turtles are one of the few consumers of sea grasses, keeping them
cropped, healthy, and producing fresh new shoots on a regular basis. Sea turtles are also major fer-
tilizers of beach and dune environments through the deposition of eggshells and the remains of
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turtles that don’t survive the hatching process. While 5.0 remeeeenns
both green and hawksbill sea turtles are found in all 5o i opeted

tropical seas, their habitats are different. Green tur-
tles concentrate their feeding in areas where sea
grass meadows or algae form a characteristic feature
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of the seascape. Because hawksbills are essentially  -350

carnivores, eating other animals, rather than plants, s
they spend their time in the coral reef areas of trop-  Figure 2. A stylized graph of data from a time-
ical seas, where their main food items are sponges  depth recorder (TDR) shows the movements of

and a variety of marine invertebrates, such as  a turtle from a depth of approximately 16 feet (5

lobsters and crabs. meters) down to 137 feet (42 meters).

Although we have learned much about sea turtles, ff Sem

we still know little about their migration patterns.
[n hopes of understanding how sea turtle populations work, scientists are focusing on mapping
behavioral patterns in adult turtles through the use of several different tags; primarily satellite tags,
ID chips (PIT Tags), radio transmitters, and time-depth recorders (TDRs). These different types of
tags give researchers a picture of the diving and migration patterns of turtles and allow them to make
predictions about how turtles relate to their environment (figure 2).

But research is also subject to environmental conditions, and so in different oceans there exist
different programs to deal with questions of turtle ecology. Of the many ways in which people con-
nect with turtles, the following excerpts cover just two. One is that of a sea turtle researcher in the
Caribbean: a marine ecologist who has witnessed both tragic and triumphant changes in that area.
The second comes from the personal experiences of a student researcher, looking with fresh eyes
on the problems faced by green sea turtles in Hawaii. More than 3,000 miles separate their experi-
ences, yet the common ground between them serves to highlight the challenges faced by all animals
as humanity impacts the world.

Caribbean hawksbills

As a marine ecologist, Stephen G. Dunbar is learning about how turtles use their habitats
throughout the wider Caribbean. Researchers are not yet clear how young hawksbills, for example,
are using their habitat in the waters of Honduras. So Dunbar teamed up with the Reef House Resort,
a family-run hotel on the island of Roatan, Honduras (figure 3).

“We've struck a deal with local fishermen,” said Reef House Resort owners Larry Stevenson and
Barry Kennewell. “We pay them a small reward to spare the turtles from the soup pot and bring
them to us instead” The system seems to be working as word gets around the local communities.
“We've even had local fishermen rescue turtles off commercial fishing boats from the Mosquito
Coast and bring them in to us,” said Stevenson. While it’s not the ideal situation, it is a start, and
local communities are now aware that a research and conservation program is under way in the Bay
Islands. The research team is targeting key leaders in the communities and schoolchildren around
the island to spread the word about the conservation program.
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On this particular morning, the sun’s already hot at 9 a.m., but a cooling breeze blows from the
south onto the grounds of the resort. A young, short, ruddy-looking fisherman strides onto the prop-
erty. Noting the new arrival, one of the dive masters at the resort announces, “There’s a fisherman out-
side asking to see ‘Senor Tortuga.” It’s a scene that plays out often enough so that the staff knows exactly
who to call. In local communities around Roatan, Dunbar has become known as “Senor Tortuga” or
“Turtle Man.” It’s a title he welcomes because research and conservation of sea turtles in the Bay Islands
have become a high priority for him. Scientists haven’t previously investigated what juvenile sea turtles
in this area do from day to day; how they feed, where they go to rest, and how they navigate the ocean
floor. With the help of Loma Linda University graduate student Melissa Berube, Dunbar hopes that the
juvenile hawksbill this local fisherman has just brought in will help answer these questions.

History of the hawksbill

Historically, large populations of hawksbills thrived in the warm waters surrounding the islands of the
Caribbean. No one knows exactly how many turtles lived in the Caribbean at any given point in his-
tory, but during the time of explorer Christopher Columbus in the late fifteenth century, they likely
numbered in the tens of millions. Turtles were so numerous that Columbus remarked the islands were
“full of tortoises, as was all the sea about, insomuch that they looked like little rocks” More than 100
vears later, in the seventeenth and eighteenth centuries, explorers like César de Rochefort (1666) and
Edward Long (1774), recognized the abundance of hawksbills in the area of the Bay Islands of Honduras
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Figure 3. A regional map of Honduras (inset) with emphasis on Roatan in the Bay Islands where the Reef
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as “most plentiful fishing” Some estimates put the number of hawksbills in the region as high as
11 million as recently as forty-five years ago (McClenachan et al. 2006). The importance of large pop-
ulations of sea turtles for the marine environment has gone unrecognized by most people. Because
sea turtles are among a small cohort of large marine animals, they are one group that actively alters its
immediate environment. Acting as “ecosystem engineers,” green turtles graze sea grass beds, stimu-
lating new growth and distributing nitrogen throughout the shallow marine environment. Hawlksbills
modify their surroundings as they chew through sponges and scrape colonies of anemone-like animals,
called zooanthids, from rocky surfaces. In doing so, turtles make changes to reef systems by keeping
the numbers of sponges in check. These kinds of changes can't be made by other animals, like the many
small fish that may still be abundant if the day comes when most of the turtles are gone (Jackson 1997).

The research on Roatan

After receiving a few dollars for the healthy juvenile hawksbill, the fisherman is on his way with a
promise that rather than eating any additional turtles he catches, he'll bring them to the resort for
scientific study. It's a change in attitude that Dunbar is excited to see. Now, Dunbar and Berube
take the hawksbill to their work area and begin the process of
measuring, tagging, and attaching a transmitter (figure 4).
Because this juvenile’s shell length is only about 15 inches
(38 centimeters), they know it's only three to four years
old, but the researchers can't tell if it's a male or female.
Determining a turtle’s sex at such a young age isn’t just a mat-

ter of looking for external features. When turtles reach adult
size, there is a distinct difference in the lengths of the male
and female tails, with males using their longer, thick tail to
clasp onto the female during mating. But when turtles are still
young, the tail length of males and females is about the same.
So, there’s really no way to tell whether this little hawksbill is a
male or female without blood samples or laparoscopy. At this
early stage of work, they're not ready to take blood samples,
but that’s one of the next stages of research. For now, the team
gives each turtle a name and refers to it by that name.

During the exchange, Squirt has been flapping away like
a windup toy turtle plucked out of the bathtub. Now that the  Figure 4.Loma Linda University graduate
tiny hawksbill is in a large bucket of water, it’s calmed down student Melissa Berube attaches a trans-
so much it appears to be snoozing in the cool breeze that still ~ mitter to a juvenile hawksbill. The tur-
pulses through the resort grounds. Dunbar and Berube start  tle is part of a study to understand how
their workup by taking photos of the turtle’s back, sides, belly,  juvenile hawksbills use their immediate
and any distinguishing marks or scars. Then they collect data  environments as they set up small home
on its length, width, and weight. Through all the measuringand  ranges. Phote courtesy of el b
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turning, the little creature barely stirs. As part of a general health check, they also look for epibionts—
small animals hitching a ride on the turtle in the crevices of its skin or under the scales of its shell.
Barnacles are common hitchhikers, but sometimes the researchers also find small crabs or even marine
worms nestled up in the spaces under the turtle’s shell plates. While the weight of most hitchhikers
isn't a problem for these relatively large marine voyagers, an overabundance of these freeloaders could
actually increase the hydrodynamic drag on the sleek shape of the turtle and slow its swimming speed.

To help identify individuals during recapture, which Dunbar needs to do to track growth rates
and understand how each animal is using its habitat, the team secures a metal flipper tag with a
unique number on both the front and rear right flippers. Flipper tags are extremely useful in under-
standing where turtles go in different stages of their lives. The capture of sea turtles in commercial
fishing nets or by local fishermen can provide important information if tag numbers are reported.
Prior to the use of satellite telemetry, tag returns were one of the main ways to determine migration
routes and populations numbers of nesting female turtles (Carr 1986).

The last workup phase is to attach a radio transmitter to the rear portion of the shell. The transmitter
looks a little like a shotgun cartridge with an antenna out one end. Securing the transmitter is a two-
person job that can take up to three hours, including covering over the transmitter with special epoxy
to make it more streamlined. The radio transmitter with the radio antenna pointing back and up toward
the sky will send signals to the receiver at intervals when the turtle surfaces and provide the scientists
with its location data. Once the transmitter is firmly in place, the turtle is released into the holding pool
for a test session that may last for a day or two, ensuring the transmitter is working well and not causing
the turtle any problems.

On the release day, the research team is up
early making sure the radio receiver and antenna
are picking up a strong signal from the turtle in
the holding pool. Berube jumps into the pool
and, in a few minutes, emerges with the little
turtle. This time, the turtle will wait in the bucket
with a little seawater to keep it cool and fresh
while being transported by boat about 20 min-
utes out to the release site, near where the fish-
erman caught the turtle in the first place. There'’s
a lot of excitement on board as the divers roll
back into the water with underwater clipboards,
pencils, stopwatches, and cameras to record the
turtle’s activities after release (figure 5). Figure 5. Juvenile hawksbills may use the ocean

Surprisingly, little information has been floor to navigate throughout their small home ranges
gathered by direct, in-water observations of  and to relocate if they are displaced. Here a recently
sea turtles about how they Spend time in their released juvenile hawksbill with attached radio trans-
home-range environment (Dunbar et al. 2008). mitter meanders over the shallow coral reef of Roatan
In most cases, time-depth recorders have been ~ Honduras.
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used to gather dive profiles of turtles. In the Caribbean, these remote recorders have demonstrated
that turtles are most active during the day, with intermittent shallow-deep-shallow dives, likely
working a feeding-resting—feeding pattern. During the night, they mainly rest, regularly return-
ing to the same depth after surfacing. But without the kind of direct observations the team is mak-
ing today, no one exactly knows what turtles are doing down there: How do they react to predators?
What foods do they taste and eat? What short-term routes do they travel? Do they return to the
same resting spot in the dark, day after day? Much of this needs to be clarified by spending time
watching turtles go about their daily routines (figure 6).

With overlapping, armor-like shell plates, and strong, hawk-like jaws, hawksbills are certainly
well adapted for living among surge-swept coral reef habitats, where they snip off pieces of sponge
and reach deep into rocky crevices while foraging for a variety of invertebrates. During a casual
encounter, turtles appear to be in complete control of their activities, almost mirroring the fluid
medium. In reality, intensive observations, called focal follows, reveal that things are not always as
they first appear. In contrast to being masters of the watery realm, turtles have been observed being
chased by damselfish, bumping into stinging corals, catnapping in rocky crevices, and poking their
heads up into coral reefs looking for food (Dunbar et al 2008). Research indicates that the young
turtles of some species establish and become attached to home range territories (Diez et al. 2002;
Dunbar et al. 2008; Kinzel 2002; van Dam and Diez 1998).

Figure 6. Direct observations can provide better understanding of how sea turtles use bathymetry,

especially when combined with remotely captured information, such as time-depth recorders (TDRs) and
radio transmitters. Here, Dunbar observes and photographs a juvenile hawksbill as it forages along a

shallow coral reef off the coast of Roatan, Honduras. Photo courtesy of Douglas Stilsan.
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Like humans, the teenage years of a turtle’s life are the growing years—the time when they bulk
up. So, it may be a real advantage for young turtles to stay within an area where they know food is
plentiful, who their neighbors are, and where the best places are to bed down for the night (figure 7).
For a juvenile hawksbill, moving into unfamiliar territory day after day could mean spending extra
time finding food. And time is energy!

Unlike turtles in their teen years, adult hawksbills weighing in at around 176-265 pounds
(80-120 kilograms) and measuring more than 27 inches (70 centimeters) in shell length are big
enough to take on the ravages of long ocean journeys. We've learned much about where and how
adult turtles migrate. We now know that most migrations revolve around the mating season and
that some turtles, especially females, may navigate across hundreds of miles of open ocean to reach
the area where mating takes place, usually near the very beach where the mother turtle herself
hatched years before. In most cases, studies have focused on the migration movements of females,
because we can usually count on them to return to their nesting beach from year to year, or every
few years, to lay their eggs (and return the data loggers).
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Figure 7. A map of home ranges for five juvenile hawksbills along the southeastern coast of the island of
Roatan, Honduras. Radio tracking work by Loma Linda University graduate student Melissa Berube has
helped to piece together home range areas of juvenile hawksbills in the waters of Honduras. This infor-
mation is critical for understanding links between sea turtles and the seafloor habitat they rely on for

foraging, resting, protection, and other daily activities. Map courtesy of Melissa Berube.
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We know much less about adult male
turtles, because they rarely, if ever, venture
out onto land and are less often tagged and
tracked. It's likely that males have much less
of a tie to specific beaches, and move from
place to place during the mating season
looking for willing partners.

Pacific greens

In the Indian and Pacific oceans the green
turtle has
group of islands within the Pacific Basin.
Present estimates by the JUCN (Seminoff
2004) place the number of female green
sea turtles nesting in the Pacific Ocean at
approximately 38,000, with more than a
quarter-million female greens worldwide.
Males probably number somewhat higher
but are more difficult to count because,
unlike females, they do not haul out in large

sea colonized nearly every

numbers regularly (figure 8).

On this particular Monday morning, a
group of college students, including David
Howard, has come to the Big Island of
Hawaii to meet with George Balazs, a tur-
tle expert from the National Oceanic and
Atmospheric (NOAA)
Pacific Island Fisheries Science Center
(PIFSC). Together, they're hoping to find out
a little about the health and diets of the local
sea turtle population (figure 9).

With the group is Marc Rice, a local
turtle tagger and instructor at the Hawaii
Preparatory Academy; and Kate'Lyn Valdez,
a University of Hawaii graduate student
studying the link between green sea turtles
and the benthic environment.

Administration

Balazs has been measuring turtles all
morning in the tropical heat, and at the
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Figure 8. The Hawaiian Islands are a chain of seamounts
stretching out across one third of the Pacific Ocean. On the
Big Island, George Balazs and his research team monitor the
isfand’s southern coastlines for green and hawksbill sea tur-
tle nests. They also conduct regular capture and release pro-
grams to gather data and increase local awareness of the

team’s conservation efforts. Caurtesy of

David Howard

Figure 9. Two researchers gently support this young turtle

while a third measures her with a pair of calipers.
Measurements are taken of important growth areas in the
shell, allowing the team to monitor the size and health of

these turtles as they grow. Fhoto &




Pacific greens

moment he has a big female on the scale. To his right is a row of about ten animal carriers pushed
up against the house and sheltered from the sun by a pair of blue tarps. To his left are the three
tables the team uses to examine the turtles. Around the rear and under the porch Rice is plugging
the data loggers attached to the turtles into his laptop and downloading the information from their
recorders (figure 10).

In the Eastern Pacific and in most other major turtle rookeries worldwide, population declines
for greens in the past half-century are estimated between 48 and 60 percent (Seminoft 2004). In con-
trast to the Eastern Pacific, here in the Hawaiian Islands, researchers have seen the local population of
nesting females grow from 380 to 580 during the past three decades, mainly due to effective conserva-
tion and education outreach efforts throughout Hawaii on behalf of sea turtles (Balazs and Chaloupka
2004; Seminoff et al. 2004). These efforts include local beach cleanups, programs to decrease ocean-
borne pollutants, and the establishment of turtle monitoring and rescue networks. Stalwart visitors,
snorkel in hand, can swim out into the bay and expect to see from one to as many as ten turtles
in a day. Most of these turtles are juveniles and young adults weighing 20—200 pounds (9-90 kilo-
grams). Larger turtles are more often seen in the Northwestern Hawaiian Islands, especially around
big nesting beaches such as the ones
on French Frigate Shoals in the

Northwest Hawaiian Island National
Marine Sanctuary.

Adult green sea turtles of the
Pacific are usually herbivores. In
the Northwestern Hawaiian Islands
they are voracious devourers of sea

grass beds. Farther south in the
younger Main Hawaiian Islands,
sea grass beds are sparse, and tur-
tles turn from a diet of true flower-
ing plants to a diet of marine algae.
Because sea turtles use bacteria
to help them digest food, switch-
ing between sea grass and algae
requires switching the kinds of
digestive bacteria being used. That
can mean trouble for turtles that
have to travel very far from home to
mate or nest (Bjorndal 1985). Figure 10. Marc Rice downloads data from a recently captured green

Pacific greens and their Atlantic sea turtle. The TDR is clearly seen on the shell of the turtle (inset). This
counterparts face other hardshipsas  data will be incorporated into a database maintained by NOAA on
well. Fishing boats using large nets  Pacific sea turtles. The data are used to determine the health of the local
often capture turtles, and if they population of green turtles. Photo by D
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cannot reach the surface to breathe, turtles can drown in one to two hours. Turtles, like all reptiles,
need to breathe air and can only stay submerged for a limited amount of time. In many cases, tur-
tles that drown in fishing nets are discarded as waste, or “bycatch” If a turtle manages to escape with
the fishing line still attached, the shell often will continue growing everywhere but at the site of the
obstruction, causing malformed shell “squeezes” and the loss of limbs. To help reduce the number of
turtles drowning in commercial fishing nets, a trap-door device called a turtle excluder device (TED)
can be sown right into the net. TEDs allow turtles to escape out of the net, while not allowing shrimp
and fish to be lost (figure 11).

The use of TEDs, along with government programs aimed at reducing bycatch, have contributed
somewhat to reducing the threat of sea turtle drowning. Greens are also prized outside the United
States for their eggs, shells, and meat, from which they derive their name (the fat of a green sea turtle
is pale green due to their vegetarian diet). In some areas where human population is high and runoff
from the land is polluted, green sea turtles may begin to grow cancerous fibropapilloma tumors, which
can cover their eyes and throats and prevent them from being able to feed or avoid danger. Greens also
are subject to problems of habitat loss and pollution that endanger other species of wildlife.

Near the research site where Balazs and team are working, green turtles typically rest under
rocky overhangs several hundred yards offshore and may wedge themselves in among boulders, or

T‘
o~ :,n_
" - \
L X
3 \
\
- - ,/
- /
- ’ 4 J/
P4 4
\ L 4 -
K':t'" ,

Figure 11. A turtle excluder device (TED) provides a way for sea turtles to escape out of commercial
fishing nets while not reducing the amount of target fish or shrimp caught. Where TEDs have been used

on a regular basis, the number of turtle drownings has also been reduced. 7 f |




under coral, between their brief forays to the surface
for air. Along coastal areas, turtles may surface as
often as every ten minutes, or they may stay sub-
merged for more than an hour (Brill et al. 1995).
During this time they're primarily feeding or resting.
At night, turtles move closer to shore and may even
drag themselves into coastal ponds filled with brack-
ish water where they're somewhat protected from
the motion of the sea.

Although some green turtles spend the majority
of their time close to shore, others may roam the
oceans as pelagic turtles and behave far differently,
often spending more time at depth and exhibiting
several different kinds of dive profiles.
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Figure 12. While some green turtles spend much
of their time near to shore, others spend most of
their time in deep waters and are termed pelagic.
Here, data collected from a TDR on a pelagic green

show that these turtles spend more time in diving

At night the turtles often dive to 150 feet (50 to greater depths than nearshore turtles.
meters), rise rapidly to about half that depth then

slowly ascend over forty-minute intervals. From TDR

dive profiles (figure 12), we've learned that during the day the turtles remain shallow, generally less than
30 feet (10 meters), and dive about eight times more often. Could they be feeding? Are they catching
currents or hiding from predators? Nobody knows for sure yet, but observations by Balazs and Rice
suggest that pelagic greens may add jellyfish to their usually herbaceous diet, as a kind of supplemen-
tary energy source (Hays et al. 2001; Rice and Balazs 2008). It’s not difficult to imagine a turtle stopping
for a bite to eat on its 1,300 kilometer journey northward to the Northwest Hawaiian Islands.

Even pelagic turtles, though, are no strangers to seafloor topography. Young turtles often spend
years floating in the open ocean where predators are few and far between, then turn and head straight
toward their natal beaches when the time is right. How do these turtles know where they are in rela-
tion to where they're going? Though it’s not known exactly how sea turtles orient themselves, it's clear
that they have some mechanisms that allow them to remain on course, despite being deflected by cur-
rents and with no landmarks in sight. Disoriented turtles have even been observed looping back and
retracing their steps, suggesting that clues from the ocean help them find their way (Luschi et al. 2003).

Back at the science center on the Big Island, Balazs and his team have spent much of the night
capturing green turtles in the bay where they monitor resident turtles. Once captured, each turtle
is transferred to a small raft made of inner tubes and brought close in to shore. From here, turtles
are brought ashore, one by one, on a small stretcher to the processing area where they are weighed
and measured.

Today, the first turtle the team selects is a juvenile, although already more than 66 pounds (30
kilograms). When she is pulled out of her stretcher by a team of six people and set down on a lit-
tle padded table, this green flaps her flippers wildly, struggling in vain to release herself from Rice’s
grip. As gently as they can, Rice and his helper lay her against the table, and in a flurry of flippers
and hands she’s quickly restrained.
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A cloth is put over her eyes to calm her and to prevent her from hurting herself while struggling.
Especially in young turtles, the edges of each flipper are sharp and stiff, and frantic turtles can draw
blood both from their handlers and themselves. This turtle, like nearly all the turtles examined, will
be lavaged: a little water is gently pushed into her digestive tract to wash out any food before it has
a chance to be digested in the stomach. The small amount of algae that is collected will be analyzed
later to determine what kind and how much algae it is eating. Biopsies are also taken, small nips
from the hind flippers, for genetic and isotopic analysis. With these tissue samples Balazs and the
team can speculate on where the turtle is from, where it might be going, and perhaps what types of
algae it prefers to eat.

After finishing his workup on the juvenile, Rice moves the turtle to his workbench, where he
attaches a TDR tag. On a newly tagged turtle the TDR is a glossy protrusion less than six centime-
ters long rising prominently from the rear of the carapace. As the epoxy sets it will become a part
of the turtle—smooth, dull, and buried in a thin layer of epiphytic algae and barnacles. In older
individuals the tags become like the shell; the epoxy becomes brown and begins to smooth over
until it can hardly be distinguished from an oversized barnacle itself. And when, after twelve—eigh-
teen months of collecting data, the turtle can reveal its story, the TDR tag is removed, and all that
remains is hard shell and the boxy outline of the recorder. '

Once they’ve been scanned and turned onto their plastron, turtles are marked temporarily to
prevent them from being recaptured in subsequent turtle collecting forays. The team will continue
to carefully relocate the turties from the ocean water back to the science center before this phase
of their work ends. Only a select few of the forty or so turtles they catch this week will carry the
recorders that store information about their diving patterns; most will be released with a simple
pair of electronic tags for identification.

After each turtle has been checked and all the information on that turtle collected, the researchers
push their turtle carrier out into the adjacent bay and sink it until at last the turtle gives a great heave
and disappears into the murkiness.

Conclusion

In the Caribbean, our understanding of hawksbill migrations has dramatically increased with the
use of satellite tracking. Satellites orbit Earth regularly, picking up signals from individual turtles,
acting like a giant eye in the sky, and recording point positions day after day. The data are down-
loaded, analyzed in a GIS, and used to make maps representing the movements of turtles carry-
ing transmitter units. Through satellite tracking and the use of GIS, researchers have shown that
after nesting, some hawksbills in the Caribbean move from Barbados north to Dominica, a distance
of about 348 miles (560 kilometers), while others move south about 310 miles (500 kilometers), to
Trinidad (Horrocks et al. 2001).

In other studies, hawksbills were tracked moving from Tortuguero, Costa Rica, to reefs along
the border between Nicaragua and Honduras; a one-way journey of about 286 miles (460 kilome-
ters) (Troéng et al. 2005) (figure 13). Aside from the few studies on hawksbill migrations in the
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Caribbean and western Atlantic, we don’t know much about where adults come from to reach the
mating grounds in this region or where they go afterward. But satellite tracking and GIS tell us
more than just where sea turtles are coming from or going to (Godley et al. 2007). Now with the
advent of GIS Web service updates to satellite, locations can be streamed in near-real time so that
scientists can view and draw conclusions from a fusion of data that is updated daily. These technol-
ogies help clarify where turtle highways intersect fishing grounds, help us understand target feeding
sites, provide insights to movement patterns, and along with other evidence point us to breeding
grounds and nesting beaches that may require special conservation eftorts.

According to recent studies, some animal species have already responded to global climate
pressures with increases in their northern ranges, increased abundances at higher elevations, and pat-
terns of more nonnative species invasions into areas where local populations are declining (Hughes
2000; Walther et al. 2002). For sea turtles, higher temperatures could mean a change in local or global
sex ratios, because the sex of hatchlings is determined not by inherited genes, but by slight differ-
ences in temperatures within the nest (known as temperature-dependent sex determination). Climate
change could also affect the timing of nesting seasons. Still, the problem isn't just the threat of ris-
ing temperatures and seas but the additional stresses placed on both turtles and coastal habitats by

HONDURAS

NICARAGUA

o

Figure 13. The migration route is of a single female hawksbill turtle that traveled from Tortuguero, Costa
Rica, to the waters just south of the of the Honduran-Nicaraguan border. Satellite tracking can provide
important information about migration routes of sea turtles and what areas are important habitats for

them.
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human influences. We need to be concerned about activities leading to overdevelopment of coastal
zones, sediment run-off into coral reef areas, and intensive overfishing, all of which can dramatically
impact sea turtle populations in the long run. At present, hundreds of scientists, conservationists, vol-
unteers, and local communities around the world are dedicating time to observe, track, study, and
protect sea turtles. Still, many pieces of the puzzle about sea turtle habitat use are missing because
much of the ocean floor has yet to be explored and mapped in high enough resolution to draw
meaningful conclusions specific to a turtle’s home-range. Instead a regional analysis is required.

Tagged turtles provide critical information, for they represent their species and “talk” to humans
by communicating the state of the oceans we share with them. They're the diplomats of the sea that
educate us on the customs of their world. In Hawaii there’s a saying, “Malama ‘Aina,” meaning “care
for the land” Hawaiians as a people have a long history of deep respect for the plants and animals
that sustain the land and make it fertile. On this island of crashing waves and lunar lavascapes fea-
turing rain forest and reef, we can't afford to take for granted the role we play in nature, or the role
nature plays in providing us with the necessities of life.

Half the world away on the island of Roitan, another research team is finished working for the
day. The Reef House Resort is quiet, and Dunbar is typing up notes on the progress of the day’s
activities surrounding the turtle releases. He hopes the future will see local fishermen deeply
involved in carrying out the sea turtle conservation program the team has started here. Just as in
Hawaii, cultural considerations surface in studying a species that has lived there for generations.
The slow and continuous education of the community regarding preservation of this endangered
species remains one of the dedicated goals of Sefior Tortuga and his team of turtle researchers.
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